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CHUONG I
CO SO NHIET PONG CUA MAY LANH.

1.1 MO DAU.

Tir xa xua loai nguoi da biét sir dung lanh trong doi séng: dé 1am ngudi mot vat nong ngudi
ta dua no ti€p x0c vai vat lanh. O nhitng noi mua dong ¢ bang tuyét thi vao mua dong nguoi ta
san xuat nudc da cay ngoai troi, sau do dua nudce da cay vao ham tich trir lai, vao mua hé nguoi
ta st dung luong lanh do nudc da cay nha ra dé bao quan rau qua, thit ca thu hoach dugc dé danh
cho mua dong.

6 thé ky 17 nha vat Iy nguoi Anh 13 Boi va nha vat 1y nguoi Bic 1a Gerike da phat hién: ¢
ap suét chan khong nhiét do bay hoi ciia nudc thap hon & ap suat khi quyén. Trén co s& nay nim
1810 nha bac hoc ngudi Anh di ché tao ra may lanh san xuit nudc d. Nam 1834 bac sy Perkin
nguoi Anh da dua may lanh ding méi chit étylen C,H, vao tng dung. Khi mot nha bac hoc &
vién han lam Phap trinh bay phuong phap bao quan thit bang lam lanh thi cong ngh¢ lanh méi
thuc sy phat trién.

Céc mdi chét lanh ban dau duge st dung 13 khong khi, étylen C,H,, 6xit cacbon CO,, oxit
sulfuric SQz, peoxit nito NO,...Vé sau moi chat 1an~h tim,duzqc la amoniac NHj. Nhitng nam 30 +
40 cua thé ky 20 nguoi ta tim ra cac freon, 1a cac dan xuat tir ddy hydro cacbon no.

Nam 1862 may lanh hép thy ra doi. Nam 1874 k¥ su Linde nguoi Pc ché tao ra may nén
lanh dau tién twong doi hoan chinh.

Sang thé ky 20 céc co s& nhi¢t dong ciia may lanh da tuong d(‘)i\ hoan tl’liél’l., Méy lanh hiéu
ung Peltie, hi¢u ung tr truong ra doi. Cong cude chay dua lam lanh vé 0 K van tiép dién.

K thuat lanh duoc ing dung trong nhiéu nganh:

1. Trong cong nghiép thuc pham: bao quan thit, ca, rau, qua; trong san xudt sira, bia, nudc ngot,
d6 hop... Nudc d4 dung rong rdi trong dn udng, bao quan so b ca danh bit & bién.

2. Trong cong nghiép: nganh luyén kim hoa 16ng khong khi thu dxy cip cho cac 10 luyén gang
(36 + 38% 0xy), 10 luyén thép va han cat kim loai (t6i 96 + 99% 6xy); hoa long rdi chung cat
khong khi thu cac don chét - khi tro He, Kr, Ne, Xe - dé nap vao bong dén dién. Str dung
lanh cryo trong siéu dan.

3. Trong ndng nghi¢p: hoa 1éng khdng khi thu nito lam phan dam.

4. Trong y té: dung lanh bao quan thudc men, mau; dung nito 16ng bao quan cac phoi, ding
lanh trong mo xé dé giam bét chay méu.

5. Trong qudc phong: dung 6xy 16ng cho tén lira, tau vii try. Trude khi tén lira khai hoa nguoi ta
cho 6xy 1ong c6 nhiét d6 dang khi -180°C ra khoi binh chira nén ta thiy phan 6ng phong &
dudi c6 bang va hoi nude ngung tu mu mit, sau it gidy méi thdy lira phut ra, khi tén lira bay
phan dudi van dong bang.

6. Diéu hoa khong khi cho nha &, nha cong cong, cic xi nghiép cong nghiép, cac phuong tién
giao thong.

Ngiy nay nguoi ta da ché tao duoc nhiéu loai may nén khac nhau c6 cong suét lanh cho 1
may nén tdi 1000MCal/h véi méto dién to1 400kW.

1.2 CHU TRINH NGUQC CARNOT (1796- 1832).
1.2.1 Pinh nghia: chu trinh ngugc Carnot 1a chu trinh nguoc dugc thuc hién bdi 2 qué trinh

dang nhiét va 2 qué trinh dang entropy.
Chu trinh nguoc Carnot 1a chu trinh nguogc ly tudng, moi qua trinh 1a thudn nghich, nhiét
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luong q, duoc léy o ngué)n lanh c¢6 nhiét d9 t,, nhiét lugng qx nha ra cho nguén néng c6 nhiét do
tk, d€ thuc hi¢n chu trinh ta ton 1 cong 1

1.2.2 So dd, do thi, chu trinh 1y thuyét.

T | ay T
« | y
NGUON NONG
2
7 .
z 2
het =
iy Cals
2 hd = I
E 4 In 1 n
NGUON LANH
1

Hinh 1.1: May lanh 1 cdp dimg méi chat la khéng khi.
1-2: qua trinh nén d‘cfng entropy ¢ mdy nén; 2-3: qud trinh nhd nhiét dang nhi¢t o nguon nong;
3-4: qua trinh dan no dang entropy o may dan no; 4-1: qua trinh nhan nhiét dang nhiét o nguon
lanh.

1.2.3 Tinh toan chu trinh.

1) Cong cép cho may nén: 1, =h; — hy;

2) Cong cip cho may din nd: lg, = hs — hy;

3) Céng cap cho chu trinh: le; = L — lan = dt(12341) = (s, - s4).(Tx - To); dt — dién tich (Trén d6

thi T-s).
4) Nhiét luong nhan duogc & nguén lanh: q, = dt(s114s481) = (81 - 54). To; dt — dién tich (Trén dd
thi T-s).
5) Nhiét lwuong nha ra & ngué)n nong: qx = dt(s;23s481) = (51 - 84).Ti; dt — dién tich (Trén dd thi
T-s).
6) Hé s6 lam lanh &: g=do _ L, = ! .
1 Tk - To & -1
Tk

Y nghia hé s6 lam lanh &: khil=1taco e = Jo- Vay hé s6 1am lanh € cho biét lugng lanh thu
dugc 14 bao nhiéu khi tiéu ton mot don vi cong.

1.2.4 Nhén xét, két luén.

1) Khicdé cung dai nhiét d§ Tk, T, thi chu trinh Carnot c6 h¢ s6 lam lanh & 16n nhAt.

2) Trong thuc té cac qué trinh trao ddi nhiét dfmg nhiét véi nhiét d6 méi chét b?mg nhiét do
ngudn nhiét 13 khong thuc hién duge. Mudn trao ddi nhiét cho nhau nhiét d6 méi chat phai
khac nhiét d nguon nhiét. O chu trinh thyc té cac qua trinh nhan nhiét 1a ding 4p (ddng nhiét
néu ¢ vung 2 pha hoi bao hoa am). Céc qua trinh thuc t€ déu khong thuan nghich, do dé lam
giam hé s6 1am lanh € .

1.3 PHAN LOAI CAC PHUONG PHAP LAM LANH NHAN TAO.
Phan chia dai nhiét do:

- Lanh dong: T, > 120 K;
- Lanhcryo: T, <120 K;
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Céc phuong phap lam lanh nhan tao:
1) Lamlanh béng hi¢u ung tiét luu (Lam lanh b::ing hiéu rng dan né doan nhiét khong sinh
ngoai cong).
2) Lam lanh béng hi¢u irng dan né doan nhiét, sinh ngoai cong.
3) Lam lanh bing hiéu tmg hap thu.
4) Lam lanh bang hiéu tng dong luu dong qua dng (ejector, dng xoay).
5) Lam lanh bing hiéu tng nhiét dién.
6) Lam lanh bang hiéu tng tir truong.
~ Trong 6 phuong phap lam lanh nhan tao ké trén thi phuong phép 1 va 2 1a thong dung nht.
D061 véi lanh dong thi chi dung phuong phép 1; véi lanh cryo s dungca 1 va 2.

1.4 LAM LANH NHO HIEU UNG TIET LUU.

1.4.1 Pinh nghia: qua trinh tiét luvu 13 qua trinh giam 4p suit do ma sat ma khong sinh ngoai
cong khi méi chit chuyén dong qua nhitng chd cé tré Iuc cuc bd dot ngot.

Vi du: moi chat chuyén dong qua nghén van tiét luu.

1.4.2 Qua trinh tiét luu.

Thong thudong moi chat di qua cac nghén véi van toc rat 16n (15 + 20 my/s); chiéu dai cua
nghén khong 16n (ching 20mm). Do d6 nhiét lvong do ma sat sinh ra coi nhu khong kip truyén
ra moi trudng xung quanh. Thyc té nhiét do ma sat sinh ra khong déng ké. Do do qua trinh trao
dbi nhiét gitra moi chat va moi truong xung quanh dugc bé qua.Vay qua trinh tiét luu duoc xem
la qué trinh dan né doan nhiét khong sinh ngoai cong.

Phuong trinh vi phan cua dinh luat 1 nhiét dong hoc cho dong khi va léng duogc viét nhu
sau:

dq=dh+ wdw + gdz + dlkt + dl_.
——

ms

dong ning the ning  congky thuat cOng masdt
I I1
—=r )
——— :’FT\“::—:—
I 11
| h,p,
W e
[ &p.“
p \ | i
K-.—.—

Hinh 1.2: Hiéu ig tiét luu

- qua trinh tiét luu 1a doan nhiét nén: dq = 0.

- ma sat khong dang ké va nhiét lugng do ma sat sinh ra mang theo moi chit hoan toan nén:
dlns = 0.
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- do chiéu dai tiét luu khong dang ké nén dz=0.
2 2
Ta co: d(h+W7]=O = h+W7=const.

- Taldy tiét dién I-I va II-II (Hinh 1.2) kha xa nghén tiét luu sao cho dong chay chiém toan b
tiet dién ong. Thong thuong tiét dién trudce I-I va sau tiét luu II-1I 1a nhu nhau nén thuc té c6
w1 = w. Khi tiét dién I-1 va II-II bang nhau ta c6: w; = w», h; = h; hay h = const.

Két luan: qua trinh tiét luu 14 qué trinh dén nd doan nhiét ding enthalpy.
Luu y:

1) Ta viét h = const chi ding cho cac tiét dién & xa ngh&n, con & vi tri gin nghén thi
2
w
h+ B = const.

2 2
Lo . L1, , n \%% w , A ~ X
2) Doivoikhily twong h=cp. Tnén h+ 5" c, *T+ 5 const ; do d6 nhiét do sau tiét luu
khi w; = w» 1 khong d6i: T) = T».

1.4.3 Hiéu ung Joule-Thompson:

D6i v6i cac chat 16ng va khi thyc khi di qua tiét Iuu nhiét do mdi chat sau tiét luu c6 the
gidm, khong doi hodc tdng. Panh gid sy bién doi nhiét do nho hiéu ung Joule-Thompson.
1.4.3.1 Dinh nghia: hiéu ung vi phan Joule-Thompson la ty s6 giita d6 bién thién nhiét d6 voi do
bien thién ap suat trong qua trinh tiét luu.

dT c A OO .
o, = d—; Chi s0 h ¢6 nghia qua trinh c6 h = const.

1.4.3.2 Cong thtrc tinh: Ttr gido trinh nhi¢t dong ta co:

T(&j -V
_dT _ aTp )

o —_
" dp c

P

Ta c6: dp<0; ¢,>0. Do do du cua oy, phu thudc vao biéu thirc {T(g—;j - V:l .
P

| p
S\ a<o

[ \a=0

.'I o >0 I'"-.I

| I'\

| \

\ W t
4

| \

Hinhl.3: Puong chuyén bién.

e Khi|T 8—V -V >O:>ah:d—T>0 =dT <0 :nhiétdésautiétluugiém;
or ), dp
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. Khi {T(%} —V}:O =, =j—T=0 = dT=0 = nhiét d¢ sau tiét hru khong doi;
p
p

dp

Trang thai khi thuc khi tiét wu co6 oy = 0 duoc goi la trang thai chuyén bién, nhiét do tuong
Umg duoc goi la nhiét d chuyén bién. Cac diém trang thai chuyén bién tao thanh duong chuyén
bieén (Hinh 1.3).

Hi¢u tng Joule-Thompson dugc xac dinh theo cong thirc sau:

. Khi {T(g—;j —V:l <0=>a, = d—T <0 = dT > 0 = nhiét d6 sau tiét luu tang.
P

P
T,-T, = Ioch *dp-
Py
Thong thuong cac khi thyc c6 nhi€t do chuyén bién T, ¢ ap sqét mdi truong kha cao Tep >
800K, trur 2 chat 1a H, c6 T, = 200K va He c6 Tep, = 30K. Do d6 doi véi cac may lanh thuc t€ o
giai nhiét do va ap suit cong tac -100 + 310°C; 0,1 + 20kgf/cm2 thi nhiét do sau tiét luu ludn
luon giam.

1.5 LAM LANH NHO HIEU UNG DAN NO POAN NHIET SINH NGOAI CONG.

1.5.1 Dinh nghia: qua trinh dén n¢ doan nhit sinh ngoai cong 1a qua trinh dén n¢ thuan nghich
dang entropy cua cac chit tir 4p suét cao xudng ap suét thap.

Phuong trinh: ds = 0.
1.5.2 Hiéu wrng din né doan nhiét ding entropy:
1.5.2.1 Dinh nghia: hiéu ing dan n6 doan nhiét dang entropy vi phan 14 ty s6 giita do bién thién
nhiét do voi do bién thién ap suat.

T 1Py

G S

Hinh 1.4: Qua trinh dan no doan nhiét.

dT 2]
o, :(d_l =T, -T = J.as.dp

P
P1
1.5.2.2 Cong thuc tinh: tir gido trinh nhi¢t dong ta co:

17)
on(m) Ak,
dp ),

Do d6 khi dan n¢ doan nhiét nhiét d¢ luén luén gidm.

o

> 0.

. re 1A . ~ ¥4 A\
1.5.2.3 So sanh vé1 hi€u tmg vi phan tiét luu: o, —o, = —
p
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Do d6 khi c6 cung dai ap sudt Ap = p; - p, va cung cac thong sb trang thai ban dau thi nhiét
do cua moi chat sau khi dan né dang entropy nhé hon nhi€t do cudi cua tiét luu: To<T,;p. Dau
bang xay ra khi ¢, = oo ¢ vung 2 pha.

1.5.3 Uu nhwgc diém cia tiét lvu va diin né sinh ngoai cong.

* Tiét luu:

« Uu: thiét bi 13 van tiét luu gon nhe, dé ché tao, ré tién, dé van hanh, d& stra chira, dé thay thé,
do tin cdy lam viéc cao.

o Nhugc: hiéu ung AT, < AT,

* Dan nd sinh ngoai cong:

« Uu: hiéu tmg ATh < ATs.

. NNhuqc: thiét bi 1a may dan n& nang né, céng kénh, }(h(’) ché tao, dit tién, van hanh phtc tap
de¢ hong, kho stra chita, thay thé ton kém, van hanh can thuong xuyén theo doi.

1.5.4 Nhén xét: cac qua trinh dan n6 thyc déu khong thuan nghich: As = sy- s; > 0. Panh gia

hiéu sudt may dan né bang ty s:

n= ST ; t - thuc .
§1 78,

Ngiy nay cic may dan né khong khi dat t6i n — 82%. O lanh dong chi dung van tiét luu, &
lanh cryo ding may dan né dé khoi dong hé thdng va bu tén that nhiét ra méi trudng xung quanh
hodc ldy san pham dang Iong, khi lam viéc 6n dinh thi phan 16n moi chit luu chuyén trong hé
thong di qua van tiét luu.

1.6 LAM LANH NHO HIEU UNG XOAY.

MBoi chit lanh sir dung trong hiéu Gmg xo4y 1a cac chat khi co ap suat cao, nhiét do tng véi
moi trudng xung quanh Thong thuong la khong khi nén du thtra & cac xi nghiép cong nghiép
nhu luyén kim. Phan nghién ciru Iy thuyét vé hiéu ing xody van con tiép tuc.

1.6.1 So’ dd, do thi T-s.
Thong sb trang thai cac diém nat (Hinh 1.5):
Piém 1: thong sb trang thai ban dau P=Pk; T=Tung
Diém 2x: théng s6 trang thai khong khi lanh ra khoi éng;
Diém 3; thong sb trang thai khong khi nong ra khoi ng;
Diém 4: thong sb trang thai khong khi di vao méay nén khi.

Cnom v
2 l\.m'l —— LY f“‘T-—]

khi : ‘ | — -’ =]
£ G

lanh - =
) khi nong t3 E

Hinh 1.5: Ong xody.
[ - vdch chan; II - ong phun tiép tuyén; III - dng xody; IV-van tiét heu.

1.6.2 Nguyén ly lam viéc:
Chu trinh dugc thuc hién bang cac qua trinh 1-3 val-2x trong 6’)ngq x04y, qua trinh gia dinh
nhén nhiét dang ap 2x-4 ¢ phu tai lanh, qua trinh gid dinh nha nhiét dang ap 3-4 ra moi truong
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xung quanh, qua trinh nén doan nhiét 4-5 & may nén khi, qua trinh 1am mét dang ap 5-1.

Dong khi cao ap vdi thong sO trang thai 1 theo dng phun 1T di vao bng xoay III theo phuong
tiép tuyén, tao thanh chuyen dong xoay quanh mat trong cta dng 111; bi vach chan I chin lai nén
dong xody di vé cira van tiét luu I'V. Tai nghén van tlet luu IV 16p xody tam ong bi van tiét luu
IV chin di nguoc tré vé khe ho & tim véach chan I vé& dau lanh voi thong sb trang thai 2x, 16p
khong khi xody sat thanh 6ng di qua khe ho gitra van tiét luu IV va éng I1I di vé phia dau nong
v0i thong sd trang thai 3. Trong khoang khong gian tir vach chin I d&én van tiét luu IV Xay ra su
trao d6i nhiét giira hai dong khong khi xody di ngugc chiéu nhau: xay ra qué trinh trao d6i nhiét
tir dong trung tAm truyén ra dong sat vach ong do chung c6 dong nang khac nhau, do dé ta c6 T;
> T > Tox

1.6.3 Hiéu irng xoay.
Ta danh gi4 hiéu img xo4y theo cac ty s6 sau:

« Tys6lam lanh 6, = ==
Tl
T3
. Ty sb d6t nong 0,=—
Tll
. ; AT, T -
. Hiéusuat n=—2==_ — L,
ATS Tl TZS
1.6.4 Uu nhwoc diém.
Uu:

« Gon nhe, bén, d& ché tao, dé sir dung.
. Dat d6 lanh can thiét nhanh.
Nhuoc:

) ) . h,-h .
« Do hoan thién nhiét dong thap ¢ = Do _ L 7Mox (i
I h,—h,

Do d6 1am lanh bang hiéu tmg 6ng xody chi thyc hién duoc & nhimng noi c6 khong khi nén
du thtra bo di.
1.7 LAM LANH NHO HIEU UNG NHIET PIEN.

1.7.1 Hiéu @rng Zeebec.

=
N
%
ﬁ
—

2 AT
N3

1 é§ T]>T2
AN
N

[FAR] Ty

[>
tm

Hinh 1.6:Hiéu ung Zeebec
1. Cdc tam dong. 2. Céc thanh ban déan ¢é ban chat khéc nhau

Nam 1821 nha vat ly Zeebec ngudi Puc phat hién ra hién tuwong sau: cho 1 mach dién tao
thanh tir 2 thanh ban dan c6 ban chat khac nhau (Hinh 1.6), hi¢u dién thé E s€ xuat hi¢n néu cac
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cdp dau ndi duoc nhing vao cac moi trudng cé nhiét o khac nhau. Hiéu dién thé & dang vi phan
duoc viét nhu sau:
dE = o.dT
v6i a 13 hé s6 ty 18; [a]=m V/K.
Thong thudng o phu thude vao nhiét do, dé don gian ta xem a=const. = AE = o.AT = o.(T)
- T2). Néu doi dau cap nhiét thi chiéu cua hi¢u dién thé s€ nguoc lai.
1.7.2 Hi€u ung Peltier:

2| 7 |T1
N-—3

1 é\\\ T1>T2
N
ZIN

AR T,

E
- |7
Hinh 1.7:Hiéu ung Pentier
1. Cdc tam dong. 2. Cdc thanh ban ddn cé ban chat khac nhau

Nam 1834 nha vat Iy Pentier nguoi Phap phat hién ra hi¢u tng vat ly mang tén ong. Hi¢u
g Pentier duoc phat biéu nhu sau: néu cho dong dién chay qua mét mach dién dugc ciu tao tu
2 chét dan dién khac nhau (Hinh 1.7) thi 1 dau s& néng 1én va nha nhiét, dau con lai lanh di va
thu nhiét.

Néu cho dong dién chay nguoc lai thi ¢iu nha nhiét s& tro thanh thu nhiét, dau thu nhiét s&
tré thanh nha nhiét.

Nhiét luong nha ra hay nhan vao & mdi dau theo hiéu tng Pentier dugc tinh theo cong thirc
sau:

Q=I1.I; v6iIT 1a hé sb Pentier, [T=c..T.
Nhiét luong tda ra & dau nong: Ql=a-T 1;

Nhiét luong thu dugc & du lanh: QP = o~ T, -I;

Qf
Qir2 Q,
Qf
Qi”2 Q,

Hinh 1.8: Cac dong nhiét.

Do céc thanh din c6 dién tré va hiéu dién thé theo hiéu ung Zeebec AE = o..(T - T2) nén co
nhiét luvong tdéa ra theo dinh luit tinh cong ctia dong dién Jun-Lenso, ky hiéu 1a Q;. Thong thuong
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X LN r A . ’ A X LN ’ r A . 1 5 5 X+ 3A
cac thanh dan dién c6 thé coi c6 dd dan dién nhu nhau. Do d6 co thé coi E Q; tdéa ra & moi dau
(Hinh 1.8).

Do ¢6 do chénh nhiét 6 AT = T, - T nén ¢6 su dan nhiét tir ddu néng vé dau lanh, ky hiéu

Q.
Nhiét luvong téa ra & dau nong; Q,=Q+Q, —%-Q"

,]’
Nhiét luong thu dugc ¢ déu lanh: Q, = Q? +Q, + %Qj;
Cong c6 ich cap cho mach:
L,=Q,-Q,=Q/-Q;-Q; = a'(Tl _Tz)'I_Qj~
Dién niang cip cho chu trinh: L = E.I.
_Q

Hiu suat ctia chu trinh: n, = L 1+2%.
Nhan xét:
Uu:
. Thiét bj khong c6 céc bd phan chuyén dong co khi nén khong 6n, thoi gian st dung 16n.
« Do khong c6 méi chat nén khong so ro ri, khéng phai tinh sirc bén cac chi tiét.,
Nhuoc:
. Dittién do dung chét ban dan, hiéu suit 1}, thap nén khong kinh té.

1.8 LAM LANH NHO HIEU UNG HAP THU.

Phwong phap 1am lanh bang hap thu duoc thuc hién nhd cac phan ung hoa nhiét lién tiép
nhau cta moi chat lam lanh va chat hap thu khi ¢ cung ap suat va nhiét do. Cac chat thong dung
la H,O-NHj3;; LiBr-H;O. Chung ta s€ xem xét ky ¢ phan may lanh hap thy.
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CHUONG 2:
MOI CHAT LAM LANH, MOI CHAT TAI LANH, DAU BOI TRON.

2.1 CAC YEU CAU POI VOI MOI CHAT LAM LANH. (17 yéu cau)

2.1.1 Cac yéu cau vé nhiét dong.

1) Nhiét do s6i & 4p suat khi quyén phai thap: tranh cho thiét bi bay hoi khéi phai lam viéc voi
ap suat chan khong.

2) O nhiét 46 moi trudng ap suét’ ngung tu phai :[hép, song phai cao hon ap suat khi quyén: giam
chiéu day cac thiét bi, duong ong trong h¢ thong lanh.

3) Nhiét do t61 han phai cao: tang dai lam viéc cho may lanh.

4) Nhiét d6 diém 3 pha phai thip: tang dai lam viéc cho may lanh.

5) Nhiét 4n hoa hoi 16n: lwong méi chat tuan hoan trong hé thong nho.

6) Nhiét dung riéng dang ap phai 16n: cac dudong dang ap cang nim ngang thi chu trinh cang
gan ve chu trinh ngugc Carnot.

7) DG nhot vira phai: d nhot lon lam tang cong tiéu t6n vo ich cho ma sat, d6 nh6t nhé thi moi
chat dé 1o ri qua khe hé.

2.1.2 Cic yéu cau vé héa hoc.

8) Khong gy chay.

9) Khéng gy nd.

10) Khong phan tmg véi dau boi tron.

11) Khong phan tmg hoa hoc, khong an mon kim loai cia may méc, dudng 6ng hé théng lanh.

12) Hoa tan dugc nudc: dé tranh gy tic van tiét luu khi méi chat ¢6 1an nudc.

13)Khi ro ri dé phat hién (béng mui, mau, cac chi thi, d6 dan dién).

14) Khi ro ri khéng lam hong cac san pham can bao quan lanh.

2.1.3 Cac yéu cau vé sinh ly.

15) Khong ddc hai.

2.1.4 Cac yéu cau vé kinh té.

16) R¢ tién, d& kiém, d& ché tao.

2.1.5 Cac yéu cau vé mdi truong.

17) Khong gy 6 nhiém moi trudng.
Trong thuc té khong c6 moi chat nao dap ng dugc tat ca cac yéu cau ké trén. Vi vay khi

chon moi chit phai dira vaod cac yéu cau thuc t& quan trong nhit, bo qua céc yéu cau con lai.
Ngiy nay cac mdi chat thong dung nhat 13 améniic NH; va céc freon.

2.2 CAC TINH CHAT CUA AMONIAC (NH; - R717):

Amoénidc 1a moi chat c6 d6 hoan thién nhiét dong cao nhét so voi té:[ ca cac moi chat du,cyc su
dung trong k¥ thuat lanh: trong cung diéu kién lam viéc thilNHg ¢06 hé so lam lanh € cao nhat. Do
dé NHj; duoc sir dung rong rai trong may nén lanh 1 va 2 cap.

2.2.1 Cac tinh chét vé nhiét dong.

1) Nhiét d6 soi & ap suat khi quyén thap: p=1 kgf/cmz; t=-33,4°C.

2) O nhiét 46 mdi trudng ap suit ngung tu vira phai: t = 40°C; p = 16 at.
3) Nhiét do téi han tuong ddi cao: ty, = 132,4°C; pm=115,2 at.
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4) Nhiét d6 dong dic diém 3 pha thap: teg = -77,7°C.

5) Nhiét 4n hoa hoi 16n, 16n nhit trong cac méi chét lanh, vi du tai -15°C thi r = 1312kJ/kg.

6) Nhiét dung riéng dang ap vira phai.

7) DO nhdt vira phai, 16n hon d6 nhét cua nudc.

2.2.2 Cac tinh chét vé héa hoc.

8) Gay chdy ¢ ndong do £<16 va £>25% trong khong khi khi c6 mdi lira, ngon lira c6 mau vang.

9) Gay nd ¢ ndng do & = 16 + 25% trong khong khi khi c6 méi lra.

10) Dau bdi tron chuyén dung; khdi lwong riéng cia dau cao hon khéi luong riéng cua long
amonidc (Vi du tai -15°C 1ong R717 c6 khéi lugng riéng 1a 658,63kg/m’), khong hoa tan diu
boi tron.

11) Khong an mon kim‘ loai den; an mpn kim loai me‘t}l khi ¢6 nudc, dac biét la nhom va déng,
ngoai tror hop kim dong c6 chura phdt pho va mot s6 hop kim nhom dac biét.

12) Hba tan dugc nudc voi moi ty 1€, & ca 3 pha, do do chi co thé tach nudc ra khoi aménidc
bang cac bién phap dac biét.

13) Khi ro ri dé phat hién: c6 mui khai dic biét.

14) Khi ro ri lam hong cac san phim can bao quan lanh.

2.2.3 Cac tinh chét vé sinh ly.

15)Doc hai bang 2 (bang 1 1a KCN, SO,, HCL, HF, NO; ...; khong khi thude bang 6); ¢ ndng do
1% trong khong khi gdy ngat sau 1 phtt.

2.2.4 CAc tinh chét vé kinh té.

16)R¢ tién, d& kiém, d& ché tao.

2.1.5 Cac tinh chit vé méi trudng.

17) Khéng giy 6 nhiém moi trudng, khi 10 ri chi gay hai tirc thi, vé 1au dai chinh 13 phan dam
cho cay.

2.3 PAI CUONG VE MOI CHAT LANH VA FREON.

Freon la cac san pham hinh thanh tir diy hydro carbon no C,Hano bang cach thay thé cac
nguyén tir hydro bang cac nguyén tir flo F, clo Cl, brom Br.
Ma hoa céac freon nhu sau:
C:HF,ClBry = R(n-1)(m+1)pBrk
(s6 nguyén tir Cl dugc tinh theo cong thirc: g= (2n+2)-(m+p+k).
khi n=1 thi n-1=0 trong ky hiéu ngudi ta bo s6 0 di, chi con R(m+1)pBrk.
Vi du: mdi chit lanh CFC R12 = CF,Cl
mdi chit lanh HCFC R22 = CHF,CI; R142 = C,H;F,Cl;
moi chat lanh HFC R134a = C,H,F.,.
Ky hiéu R4xy 1a hdn hop khong dong soi; vi du R404a (R125/R143a/R134a ty 1¢ 44/52/4).
Ky hiéu R5xy 1a hdn hop dong s6i; vi du R507 (R125/R143a ty 1& 50/50).
Ky hiéu R7xy 1a mdi chat vo co, xy 1a phéan tir luong clia mdi chat; vi du NH; c6 phan tir
luong 1a 17 = ky hiéu R717, CO; c6 phan tir luong 44 = ky hi¢u R744

2.4 CAC TINH CHAT CUA R12. (CF,Cl, Diclodiflometan)

R12 14 mdi chét c6 d6 hoan thién nhiét dong cao, thua kém NH; mot it, ting dung rong rai
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cho may lanh 1 cap, nay bi han ché va tién t6i cam sir dung do trong thanh phan hoéa hoc c6 Cl

pha huy tang ozon khi ro ri.

2.4.1 Cac tinh chét vé nhiét dong.

1) Nhiét do s6i & ap suat khi quyén thap: p = 1 kgf/cm?’; t = -29,8°C.

2) O nhiét d6 mdi truong ap sudt ngung ty vira phai: t = 40°C; p = 9,5 at.

3) Nhiét do t6i han twong dbi cao: ty, = 112,04°C; py = 41,96 at..

4) Nhiét 6 dong diac diém 3 pha thap: teg = -155°C.

5) Nhiét an hoa hoi twong ddi 16n, vi du tai -15°C thi r = 159.55kJ/kg.

6) Nhiét dung riéng dang ap vira phai.

7) Do nhdt rat nho, nhé hon khong khi nén R12 ¢6 thé 1o ri qua cac khe ho ma khong khi khong
di qua dugc, d6 nhot R12 16n hon nito mét chat nén thir kin phai dung nito kho.

2.4.2 Cac tinh chét vé héa hoc.

8) Khong gay chay.

9) Khéng gy nd; tuy nhién & nhiét do t > 450°C RI12 phan hay thanh cac chét cuc ky doc hai
nhu HCI, HF (ddc hai bang 1). Do d6 nghiém cam cac vat c¢6 nhiét do bé mat trén 400°C
trong phong may.

10) Dau boi tron chuyén dung; khéi lugng riéng p ctia dau nho hon khéi lugng riéng cua long
R12 (Vi du tai -15°C long R12 ¢6 khéi luong riéng la 1443,83kg/m’), do hoa tan dau boi tron
phu thudc vao nhi@t do bao hoa cﬁal moi chf}t R12: ¢ nhiét do t < 45°C hon hop 1ong chia lam
2 16p, 16p trén 1a dau, 16p dudi 1a hon hop dau va R12.

11) Khong an mon kim loai; R12 1a mdi chat bén vimg vé mat hoa hoc.

12) Khong hoa tan duge nude, lugng nude hoa tan tdi da ‘lé 0,0006% kh(‘)iq luong, cho phép 1am
viée 1a 0,0004%; do do cé thé tdch nudce ra khoi R12 bang cac chat hat am thong dung.

13) Khi ro ri kho phat hién: R12 khong mau, ¢ mui thom nhe, khong vi.

14) Khi ro ri khéng lam hong cac san phim can bao quan lanh.

2.4.3 Cac tinh chét vé sinh ly.

15) D¢ hai bang 5; ¢ ndng do 30% trong khong khi gdy vang vat kho thé do thiéu oxy (Nong do
thé tich 6xy luc nay trong khong khi con 14%).

2.4.4 Céc tinh chét vé kinh té.

16) Tuong dbi ré tién, dé kiém, dé ché tao.

2.4.5 Cac tinh chit vé méi truong.

17) Gay 6 nhiém moi truong: khi ro ri R12 bay dan lén tang thuong luu khi quyén, gy hiéu ung
16ng kinh, do c6 thanh phan Cl nén R12 ph4 hoai, 1am thung tang ozon.

2.5 CAC TINH CHAT CUA R22 (CHF,Cl Monoclodiflometan).

R22 1a mo6i chét c6 d6 hoan thi¢n nhiét dong cao, chi xép sau NH;, timg dung rong rai cho
may lanh‘l va 2 cap, nay bi han ché va tién t&i1 cam st dung do trong thanh phan hoa hoc c6 Cl
phé hiy tang ozon khi ro ri.

2.5.1 Cac tinh chét vé nhiét dong.

1) Nhiét d6 s6i & 4p suét khi quyén thap: p = 1 kef/em?; t = -40,8°C.

2) O nhiét 46 mbi trudng ap suat ngung tu vira phai: t = 40°C; p = 15 at.
3) Nhiét d6 toi han tuong ddi cao: ty, = 96°C; py, = 50,33 at.

4) Nhiét do dong ddc diém 3 pha thap: tg = -160°C.

5) Nhiét an hoa hoi twong d6i 16n, vi du tai -15°C thi r = 217kJ/kg.
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6)
7)

Nhiét dung riéng dang ap vira phai.
D6 nhét rat nho, nho hon khong khi nén R22 ¢6 thé 1o ri qua cac khe hd ma khong khi khong

di qua dugc, d0 nhdt R22 16m hon nito mot chut nén thur kin phai dung nito kho.

2.5.2 Cac tinh chit vé héa hoc.

8)
9)

Khong gy chay.
Khong giy nd; tuy nhién ¢ nhiét do t>450°C R22 phan huy thanh cac chét cuc ky doc hai

nhu HCI, HF (doc hai bang 1). Do d6 nghiém cdm cac vat co nhiét do bé mat trén 400°C
trong phong may.

10) Dau boi tron chuyén dung; khéi lugng riéng p ctia dau nho hon khéi lugng riéng cua long

R22 (Vi dy tai -15°C 16ng R22 ¢6 khoi lugng riéng la 1335kg/m’), d6 hoa tan dau boi tron
phu thudc vao nhiét do bao hoa ctia moi chat R22: & nhiét do t<-45°C hon hop long chia lam
2 16p, 16p trén 1a dau, 16p dudi 1a hdn hop dau va R22.

11) Khong an mon kim loai; R22 1a méi chit bén vimg vé mat hoa hoc.

12) Khong hoa tan dugc nudc, lugng nude hoa tan ti da 1a 0,0006% khoi luong, cho phép 1am

viéc 1a 0,0004%; do d6 co thé tach nudc ra khoi R22 bang cac chat hiit am thong dung.

13) Khi r0 ri kho phat hién: R22 khong mau, khong mui, khong vi.

14) Khi 10 ri khéng lam hong cac san pham can bao quan lanh.

2.5.3 Cac tinh chét vé sinh ly.

15) Poc hai bang 5; & ndng do 30% trong khong khi gy vang vat kho the do thiéu 6xy (Nong do

thé tich 6xy lac ndy trong khong khi con 14%).

2.5.4 Cac tinh chét vé kinh té.
16) Tuong dbi ré tién, dé kiém, d& ché tao.

2.5.5 Cac tinh chat vé méi trirong.

17) Gay 6 nhiém moi trudong: khi 1o ri R22 bay dan 1én tang thuong luu khi quyén, gay hiéu tng

16ng kinh, do ¢ thanh phan Cl nén R22 pha hoai, lam thing tang ozon.

2.6 CAC TINH CHAT CUA R134a (CH,F-CF; Tetrafloetan).

R134a 1a moi chit c6 do hoan thién nhiét dong twong ddi cao, thua R12 va R22, 1a moi chat

lanh méi, dugc dung rong rai cho may lanh 1 cép trong diéu hoa khong khi, 1a m@i chat than
thién voi moi truong do trong thanh phan hoa hoc khong ¢6 Cl nén khong pha huy tang ozon khi
10 ri. Ky tu “a” 1a ky hiéu moi chat R134a 1a mot dong phan cta CoHoFy).

2.6.1 Cac tinh chit vé nhiét dong.

1)
2)
3)
4)
5)
6)
7)

Nhiét d6 s6i & ap suét khi quyén thap: p = 1,013 bar; t = -26,2°C.

O nhiét do moi trudng ap sudt ngung tu vira phai: t = 40°C; p = 10,1761 bar.

Nhiét do té1 han tuong ddi cao: ty, = 101,15°C; pm = 40,46 bar.

Nhiét d6 dong dic diém 3 pha théap.

Nhiét 4n hoa hoi tuong d6i 16n, vi du r = 269,2 kJ/kg tai -15°C.

Nhiét dung riéng dang ap vira phai.

D6 nhét rit nho, nhé hon khong khi nén R134a c6 thé 1o ri qua cac khe ho ma khong khi
khong di qua dugc, d§ nhat R134a 1on hon nito mot chit nén thir kin phai dung nito kho.

2.6.2 Cac tinh chit vé héa hoc.

8)
9)

Khong gay chay.
Khong gy nd; tuy nhién ¢ nhiét do cao R134a phan huy thanh chat cuc ky doc hai nhu HF
(doc hai bang 1). Do d6 nghiém cam cac vat c6 nhiét do bé mat cao trong phong may.
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10) Dau boi tron chuyén dung; khéi lugng riéng p ctia dau nho hon khéi lugng riéng cua long
R134a (Vi du tai -15°C 16ng R134a c6 khéi lugng riéng 1a 1428,57kg/m’), d6 hoa tan du boi
tron phy thudc vao loai dau, thuong dung dau polyolester POE, polyalkylenglycol PAG hoac
polygycol PG dé c6 thé hoa tan dau.

11) Khong an mon kim loai; R134a 1a moi chat bén vimg vé mit hoa hoc.

12) Khong hoa tan dugc nudc; do d6 c6 thé tach nudc ra khoi R134a bang cac chat hit 4m thong
dung.

13) Khi ro ri khé phat hi¢n: R134a khong mau, khong mui, khong vi.

14) Khi ro ri khong 1am hong céc san pham can bao quan lanh.

2.6.3 Cic tinh chit vé sinh ly.

15)Bdc hai bang 5.

2.6.4 Céc tinh chat vé kinh té.

16) Hién tai con dit tién, dé kiém.

2.6.5 Cic tinh chit vé mdi truong.

17) La mdi chat than thién v4i méi trudng.

2.7 CAC YEU CAU POI VOI MOI CHAT TAI LANH, PHAN LOAL

Trong nhiéu truong hop nguoi ta khong thé dua tryc tiép moi chat lanh dén vat can lam lanh
dugc ma phai truyén lanh tir moi chét lanh dén vét can lam lanh gian ti€p thong qua moi chat
trung gian dugc goi la mdi chat tai lanh.

Vidu: cac bé san xuét nuwéc da cay ding nude mudi NaCl, cac kho trir dong ding khong khi
lam moi chat tai lanh.

2.7.1 Cac yéu cau vé nhiét dong.

1) Nhiét d6 dong bang phai thap.

2) Nhiét dung riéng phai 16n dé giam luu lugng va cac ton that khong thuan nghich.
3) Do nhét phai bé dé giam ton that thuy luc.

2.7.2 Cac yéu ciu vé héa ly.

4) Khong lam hong cac san pham can lam lanh.

5) Khong tac dung hoa hoc, khong dn mon kim loai ciia hé thdng luu chuyén méi chit tai lanh.
6) Bén viing hoa hoc trong giai nhiét do lam viéc.

7) Khong giy chay.

8) Khong giy nd.

2.7.3 Cac yéu cau vé sinh ly.

9) Khong ddc hai.

2.7.4 Cac yéu ciu vé kinh té.

10) R¢ tién, d& kiém, d& ché tao.

2.7.5 Cac yéu ciu vé mdi truong.

11) Khong gy 6 nhiém méi trudng.

2.7.6 Phan loai.

Mai chat tai lanh thong dung gdm c6 khong khi va day cac chit long. Cac chat long duoc
chia lam 4 nhém:

1) Nuéc H,0, dung dich nudc mudi NaCl, CaCl,.
2) Dung dich nuéc véi rugu etylen glycol CoH4(OH),; propylen glycol C3Hg(OH), & céc nong
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d0 khac nhau.

3) Moi chit tai lanh nhiét do thip nhu R30 (CH,CL); R11 (CFCL); ruou etyl C,HsOH; rugu
metyl CH;0H.

4) Moi chit tai lanh dic biét nhu cac san phdm cua dau mo, cac loai dau tong hop.
2.8 MOI CHAT TAI LANH LA KHONG KHI.

2.8.1 Cac yéu cau vé nhiét dong.

1) Nhiét @ hoa 1ong rat thip: ching -200°C & ap suat khi quyén.

2) Nhiét dung riéng nho: ¢, = 1,007kJ/(kg.K) nén luu luong tudn hoan 16n.
3) Do nhét bé, ton thit thuy luc nho.

2.8.2 Cac yéu ciu vé héa ly.

4) Khong lam hong cac san pham can lam lanh.

5) Khong tac dung hoa hoc, khong dn mon kim loai ciia hé thdng luu chuyén méi chét tai lanh.
6) Bén viing hoa hoc trong giai nhiét do lam viéc.

7) Khong gay chay.

8) Khong giy nd.

2.8.3 Cac yéu céu vé sinh ly.

9) Khong ddc hai.

2.8.4 Cac yéu ciu vé kinh té.

10) C6 san moi noi.

2.8.5 Cac yéu cau vé mdi truong.

11) Khong gy 6 nhiém moi trudng.

2.9 MOI CHAT TAI LANH LA NUOGC MUOI NACI-H,O0.

2.9.1 Cac yéu ciu vé nhiét dong.

T ITREEZES; PORNT

11(°C)

-5 e

! 1 \\\ /

ST Nl

i §(%)
5 1015 23,130

Hinh 2.1: Nhiét do déng bang ciia nude mudi NaCl theo nong do.

1) Nhiét d6 dong bang phu thudc vao néng do mudi trong dung dich. Nhiét do thip nhat ma
dung dich dat duogc tg, = -21,2°C, néng d6 dung dich € = 23,1% (Hinh 2.1).

2) Nhiét dung riéng lon.

3) D0 nhét vira phai.

2.9.2 Cac yéu cau vé héa ly.

4) Khong lam hong cac san phim can lam lanh, khi ro ri vao san phim chi lam man san pham.
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5) Co tac dung hoa hoc, an mon kim loai ctia hé thong luu chuyén moi chat tai lanh.
6) Bén viing hoa hoc trong giai nhiét d¢ lam viéc.

7) Khong gay chay.

8) Khong giy nd.

2.9.3 Cac yéu cau vé sinh ly.

9) Khong ddc hai.

2.9.4 Cac yéu ciu vé kinh té.

10) Ré tién, d& tim.

2.9.5 Cac yéu cau vé mdi truong.

11) Khong gy 6 nhiém moi trudng.

2.10 MOI CHAT TAI LANH LA NUGC MUOI CAClL-H,0.

2.10.1 Cac yéu ciu vé nhiét dong.
FREEDNC on 0
i S oL1°0)

_]_0 ™ x\ /
20 S

—={ 30 N /
a0 N /
A e
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Hinh 2.2: Nhiét d¢ déng bang ciia nueée muéi CaCl, theo nong do.

1) Nhiét d6 dong bang phu thudc vao néng do mudi trong dung dich. Nhiét do thip nhat ma
dung dich dat duoc tg, = -55°C, néng d6 dung dich § = 29,9% (Hinh 2.2).

2) Nhiét dung riéng 16n.

3) DO nhdt vira phai.

2.10.2 Cac yéu céu vé héa ly.

4) Khong lam hong cac san pham can 1am lanh, khi ro ri vao san pham chi lam médn san pham.

5) Co tac dung hda hoc, an mon kim loai cia hé¢ théng luu chuyén moi chit tai lanh.

6) Bén viing hoa hoc trong giai nhiét d¢ lam viéc.

7) Khong gay chay.

8) Khong giy nd.

2.10.3 Cac yéu cau vé sinh ly.

9) Khong ddc hai.

2.10.4 Cac yéu ciu vé kinh té.

10) R¢ tién, d& tim.

2.10.5 Cac yéu ciu vé méi truong.

11) Khong gay 6 nhiém méi truong.

2.11 MOI CHAT TAI LANH LA HON HQP NUOC-ETYLENGLYCOL (C;H;(OH),).
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Etylenglycol CH,OH-CH,OH 1a chét long khong mau, khong mui, ¢ vi ngot va cé tinh nhon.

Glycol dung lam chat tai lanh va chat tai nhiét.
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Hinh 2.3: Nhiét do dong bang cua mot 50 dung dich cac chat hivu co véi nuede theo néng do.

Bdng 2.1: Tinh chat vt Iy ciia glycol va glycerin

t P Cp v.10° A a.10’ Pr

°C kg/m’ kJ/(kg.K) m/s W/(m.K) m’/s
Glycol C;H4(OH),

0 1130,1 2,294 67,62 0,242 0,933 615,0
20 1116,1 2,382 19,17 0,249 0,938 204,0
40 1100,8 2,474 8,69 0,256 0,938 93,0
60 1087,1 2,562 4,75 0,260 0,931 51.0
80 1077,0 2,650 2,98 0,262 0,922 32.4
100 1057,9 2,742 2,03 0,263 0,908 22.4

Glycerin CsHs(OH)s3

0 1275,4 2,261 0,0831 0,283 0,983 84,7
10 1269,4 2,320 0,0300 0,284 0,964 31,0
20 1263,3 2,386 0,0)28 0,286 0,947 12,5
30 1257,4 5,445 0,0050 0,286 0,931 5.4
40 1251,3 2,512 0,0022 0,286 0,914 2,5
50 12443 2,583 0,0015 0,287 0,894 1,6
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2.11.1 Cac yéu cu vé nhiét dong.

1) Nhiét d6 dong bang phu thudc vao néng d6 mubi trong dung dich. Nhi¢t do thép nhét ma
dung dich dat duoc khoang ta, ~ -50°C, ndng d6 dung dich khoang & ~ 58% (Hinh 2.3).

2) Nhiét dung riéng 16n.

3) Do nhot vura phai.

2.11.2 Céc yéu ciu vé héa ly.

4) Khong lam hong cac san phdm can lam lanh.

5) Khéng an mon kim loai ctia hé thdng luu chuyén méi chat tai lanh.

6) Bén viing hda hoc trong giai nhiét 4o lam viéc.

7) Gay chay.

8) Gay nd.

2.11.3 Cac yéu ciu vé sinh Iy.

9) Khong ddc hai.

2.11.4 Cac yéu cau vé kinh té.

10) it tién, d& tim.

2.11.5 Cac yéu ciu vé méi truong.

11) Khong gy 6 nhiém méi trudng.

2.12 QUAN HE GIUA MOI CHAT VA DAU MAY LANH.

DAu bdi tron chu yéu chira & carte may nén va tiép Xuc truc tiép v&i moi chat lanh, do vy n6
phai co tinh chat héa Iy 6n dinh, khong phan mg hoa hoc voi méi chat va khong giy nén nhiing
héu qua xau khac.

Trong sd cac moi chit lanh dugc sir dung ciing c6 mot s moi chat co tac dung héa hoc yéu
v6i dau bdi tron, nhung ¢ nhiing diéu kién lam viéc binh thudng nhimg phan tmg hoa hoc nay
xay ra rat yéu va khong gy hau qua nghiém trong néu dau co chat luong cao va h¢ théng trong
d6i kho va sach. Khi trong hé thong cO mot lLrong dang ké _khoéng khi va am thi thuong s& dan
dén nhimng phan ing hoa hoc cua chit nay v&i moi chit va dau. Két qua cua sy tuong tac hoa hoc
nay la gy nén ton hao dau.tao thanh cac chit gy dn mon va cin ban. Cac qua trinh nay duoc
tang Cu:(mg néu nhiét d6 hoi nén ¢ dau day may nén cang cao va cing thuong anh huong dén sy
lam viéc binh thudng cta cum dia van hut day, plttong, nap xi lanh va éng day, ...

Quan hé ctia moi chat véi dau boi tron khong gidng nhau tiy theo d6 1a moi chat hoa tan dau,
khong hoa tan hay hoa tan dau han ché.

Mirc d6 hoa tan ctia mdi chat trong dau can duoc xem xét ki khi chon méi chéat vi n6 phai
pht hop véi két cdu may nén va céc thiét bi khac trong hé thong truyén din moi chat.

Moi chat lanh hoa tan dau trong cac-te may nén s€ lam giam d6 nhot cua dau va lam x4u kha
nang boi tron nén phai chon dau c6 d6 nhdt ban dau cao hon.

Dau tudn toan clng moi chét trong hé thong con l1am giam hé sb lanh va cong suat thiét bi vi
n6 1am giam kha nang truyén nhiét & céc thiét bi trao doi nhiét.

Viéc hdi ddu vé may nén phu thudc vao 3 yéu td: Mirc do hoa tan dau clia moi chat, kiéu
thiét bi bay hoi va nhiét do soi ciia moi chat. Vi nhimg moi chat hoa tan dau, viéc hdi dau dé
dang hon nhiéu so véi cc moi chat khong hoa tan ddu. Ching han khi méi chat str dung 1a NH;,
do n6 nhe hon dau nén phan 16n tach khoi moi chit long va dong lai & cac vi tri thdp nhat trong
hé théng.\/“l vay, & cac day binh chira, thiét bi bay hoi, binh tach léng... c6 cac bau chira dau va
dau duoc xa dinh ky vé may nén. Trong cac hé thong lanh c6 moi chit khong cho phép hdi dau
hoan toan (moi chat khong hay it hoa tan diu) hodc & cac hé thong dung moi chit hoa tan dau
nhung c6 nhiét 6 bay hoi thap hon -18 °C ngudi ta thuong dat binh tach dau ¢ diu day ciia may
nén dé thu hoi lai ddu khéng cho di vao hé thong.
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2.13 LUA CHON DAU BOI TRON MAY LANH.
2.13.1 D§ nhét va dd hoa tan ciia diu trong ciac méi chit lanh.

Khi chon dau béi tron cho may nén lanh phai can cur vao loai moi ché'lt, nhiét 6 lam viéc cua
hé thong va loai may nén.

Viéc Iwa chon dau boi tron thuong theo gidi thidu ctia cac hing cung cip dau hay cta cac nha
ché tao may nén lanh.

Bang 2.2 trinh bay cac kiéu dau thudng ding cing tinh chit nh6t va d6 hoa tan cua ching
v6i mbi chat lanh (H)CFC & nhiét do thap.

Céc loai dau noi chung rat it hoa tan trong améniic (R717).

Bdng 2.2: Cdc logi ddau may lanh.

Nhom Kiéu dau Chi s0 do nhot Do hoa tan (H)CFC
dau Thép | T.binh | Cao | Thip [T.binh| Cao
M |Dau khoang X X X X
A |Dau tong hop trén co s ciia alkyl benzen X X
MA |Hon hop cia M va A X X X X
P |Dau tong hop trén co s& cua polyalpha X X
oléfin
AP |Hon hop cia M va A X X
MP |Hon hop cia M va A X X
E |Dau béi tron trén co sé clia este tong hop x | HFC HCFC
X X
G |Dau béi tron trén co so cua polyglycol X X

2.13.2 Moi chit lanh va céc loai diu thuong dung.
1) Déu khodng: ky hiéu M. Dau khoang duoc loc tur dau tho, dau khoang dung thich hop nhat
trong cac h¢ thdng lanh va cac loai ddu c6 co sé 1a Naphten.

Dau khoang c6 d¢ hoa tan tuong db6i thap v6i (H)CFC ¢ nhi¢t do thap
2) Dau téng hop A: Pay thuong 13 loai dau tong hop thudong duoc chiét tir khi thién nhién, n6 co
d6 hoa tan cao voi (H)CFC ¢ nhiét d6 bay hoi thap, vi thé né thuong duoc dung rat phi hop cho
cac hé théng lanh (H)CFC.

No6i chung dau dua tén co s& Benzen Alkyl c6 do 6n dinh nhiét cao hon dau khoang, vi thé
n6 ciing dugc dung trong cac hé théng lanh amoniic va giam dugce nguy co cac bon hoa.
3) Dau hén hop MA: Do 1a hon hop cua dau Benzen Alkyl va dau khoang, c6 do on dinh cao hon
va it bi stli bot trong may nén hon dau khoéng.
4) Déu tong hop P: 13 loai dau tong hop trén co s& polyalphaolefin, c6 d6 6n dinh nhiét hoa cao
nén thuong dugc dung trong cdc may nén lam viéc ¢ nhié¢t d§ cao nhu bom nhiét. Loai dau nay
rat phit hop véi cac hé thong lanh moi chat amoniac vi nd rat bén vimg khi trong hé thong ¢
khong khi. N6 c6 nhiét do dong déc thip nén cling rat pht hop vdi hé théng améniac c6 nhiét o
bay hoi thip. Dau tong hop P it hoa tan méi chat trong cac hé théng lanh (H)CFC & nhiét d6 bay
hoi thap.
5) Dédu hon hop MP: 1a hdn hop cua dau khoang va dau Polyalphaolefin. N6 rat phu hop voi hé
théng lanh amoéniac nhiét do thép, & d6 dé c6 khong khi lot vao hé théng, nhung dau MP kho bj
oxy hoa, lai c6 nhiét d§ dong dac thép.
6) Dau hén hop AP: 1a hdn hop cuia dau tong hop benzen alkyl va polyalphaofin, c6 tinh hoa tan
cao hon véi cac mdi chit (H) CFC so voi dau tong hop P, vi viy n6 dugc dung thich hop hon
dau P trong cac hé thong c6 nhiét do bay hoi thap.

Hon nita, ddu AP c¢6 diém anilin thip (mot chi tiéu dé danh gia s6 luong cacbon chua no
trong dau va tinh trong hop cua cac loai dau khi tiép xuc voi cac gioang, dém cao su) nén it co
kha nang giu nén ro ri ¢ cac giodng, d€m cao su.
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7) Dau tong hop E: khac véi cac loai dau M, A va P, dau tong hop trén co s este (E) hoa tan
mot phan trong cac moi chat lanh khon g chura clo HFC, nhu R134a vi thé né duoc st dung trong
cac hé thong lanh R134a, no ciing c6 thé dugc su dung trong cac hé théng H(CFC).

Pay ciing 14 loai ddu hap thy nudc néu dé ra ngoai khong khi vi vy nd can dugc bao quan
trong cac binh kin va phai thai hét khi ra khoi may nén truée khi nap dau.
8) Dau tong hop G- day 1a loai dau tong hop trén co s& ctia polyglycol, duge chiét tir khi thién
nhién étan va propan. Céac loai dau nay chi c6 thé dung trong cac hé thdng lanh c6 méi chat gbc
dau thé LPG nhu propan, butan, izobutan

2.14 BANG CHON DAU BOI TRON MAY LANH.

2.14.1 Tiéu chuén quéc té vé dAu may lanh.

1) Khéi hm'ng riéng: Chi tiéu khéi luong riéng rit ¢6 ¥ nghia khi chon mét loai ddu béi tron.
Dau c6 khdi luong riéng 16n hon cua moi chit khong hoa tan dau s& dong lai & céc phan thap
nhat trong hé thong Khéi lugng riéng cia cac loai dau cing khong giéng nhau: Dau benzen
alkyl nhe hon va dau polyglycol nang hon dau khoang. Dau khoang c6 ham lwong parafin 16n
hon sé& ¢6 khdi lugng riéng thap hon dau naphten.

2) DY nhét: Theo tiéu chuan qudc té (ISO), cac loai dau boi tron duge phan theo cic nhom, tiy
theo d6 nhdt va duoc ki hiéu bang s ISO VG (ISO VG No.) Tuong tmg véi méot ISO VG No.,
d6 nhot cia dau (tinh bang ¢St - Centistoc) & +40°C s& nam giita hai gia tri cho trong bang 2.3;
chrflng han & +40°C d6 nhét cua dau ISO VG 68 s8 & gitra 61,2 va 74,8 cSt.

Bang 2.3: Tiéu chudn quoc té vé do nhot cua dau.

ISO VG Khoang d¢ nhét dong ¢
No. +40°C (cSt)
15 13,5+ 16,5
22 19,8 ~24,2
32 28,8 + 35,2
46 41,4+ 50,6
68 61,2 +74,8
100 90,0 +110,0
150 135,0 = 165,0
220 198,0 +242,0
320 288,0 +352,0
460 414,0 + 506,0

3) Chi s6 d@6 nhét: Chi s6 d6 nhét ki hidu VI 1a mot thuat ngit ki thuat dé chi sy bién do6i do
nhét cua dau khi nhiét do thay doi. Chi s d6 nhét, theo ISO, chi ra rang mot VI cao biéu thi sy
thay ddi cua do nhat dudi tac dung cua nhiét do it hon so véi VI thép hon.

4) Diém bdt lira: 12 nhiét @6 ma hoi dau tir mot thung chira ho, bi gia nhiét c6 thé bdc chay khi
dua ngon lira vao. N6 dung dé x4c dinh tinh 6n dinh ctia dau ¢ nhiét d6 cao.

Dau c6 diém bit lira cao s& c6 ap suat hoi thap va d& tach ra khoi hoi thai trong binh tach dau do
do giam dugc lugng dau cubn theo tir may nén vao hé théng. Céc loai dau nhu vay co thé duogc
dung rat thich hop trong cac hé théng améniac.

5) Diém lwu dong: 1a nhiét d6 ma dau dic quanh lai va khong chuyén dong trong vong 5 gidy khi
dat ndm binh chtra dau lanh nay.

Theo tiéu chuan thi nhiét d6 diém luu dong thap hon nhiét 46 do duoc 3°C.

Piém luu dong rat c6 y nghia vai cac loai dau st dung cho hé thdng lanh améniac vi dau c6
nhiét d6 luu dong thap d& thao ra khoi hé théng phia ap luc thip. Thong thudng, c6 thé sir dung
dau & nhiét do bay hoi cua hé théng thép hon nhi¢t d¢ lvu dong ma khong giy nén nhirng hau
qua xau.

Pé giam luong dau bi cudn di tir mdy nén trong hé thdng amoénidc co nhiét do bay hoi thip
hon -40°C nén c6 cac binh phan ly dau hi¢u qua cao hodc dung cic dau P hoic AP.
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6) Piém vin duc (diém floc): 1a nhiét 3 ma khi hén hop R12 v&i 10% dau thi né tré nén van duc
do tao thanh cac phan tir sap bj phan ly tir diu khi bi lam lanh.

Ddi voi cac loai dau E diém van duc dugc do khi hon hop 10% dau véi 90% R134a nhu chi
dan cua hing cung cip dau. Déi v6i nhitng loai moi chat HFC méi chua co phuong phép tiéu
chuan dé xac dinh nhiét d6 nay.

Diém van duc c¢6 vai tro dic biét quan trong khi chon dau cho cac hé théng lanh ¢6 moi chat
hoa tan dau nhu cac hé thong (H)CFC.

Dau c6 diém van duc thip tic 13 nd c¢6 ham lwong sap nho va do dé rat phu hop véi cac hé
théng lanh méi chat (H)CFC lam viéc v6i nhiét d6 bay hoi thap.

Khi ham luong sap trong dau bi phan ly s& han ché dugc nhiing bat lgi xay ra véi van tiét luu
va van diéu chinh.

7) S6 chi mau: 1a thuat ngit chi do trong sang cua dau khi so sanh vé6i kinh mau: 0,5 1a mau sang
nhit va 0,8 13 mau t6i nhat. Chit “L” dimg trudc sé chi mau dé biéu thi ring dau hoi sang hon
mau chi thi.

Céac dau may lanh thudng c6 mau rt sang.

8) Piém anilin: 14 nhiét d6 (do bang °C) ma dau tré nén mot hdn hop trong sudt vai anilin
nguyén chat. No biéu thi sé lugng cacbon chua no cé trong dau va rat c6 y nghia khi xac dinh do
twong hop cua dau khi tiép xuc véi nhitng loai cao su khac nhau.

Pa s6 dau may lanh c6 diém anilin rat thp va it c6 kha niang phan huy céc giodng dém cao
su, trir cac loai dau P.

9) P trung hoa: biéu thi ham luong axit ¢6 trong dau va duoc do bang ham lugng hydroxit kali
c6 trong dau: mg KOH/1g dau thi nghiém.

N6i chung dau may lanh duoc loc k§ nén c6 d6 trung hoa thap.

2.13.2 Bang diu may lanh.

Trong cac bang chon dau may lanh trinh bay trong phan nay, tinh chat cac loai dau duoc gidi
thiéu theo cac dic tinh noi trén phi hop véi tiéu chuan quéc té I1SO.

Khi lwa chon dau phu hop voi cac kiéu may nén (may nén piston, may nén truc vit) va moi
chét lanh str dung, c6 thé dung cac bang 9 va 10 phan phu luc. Trong dé trinh bay rd kha ning
phtl hop cia ting loai ddu véi moi chat améniic, véi moi chat (H)CFC chi trinh bay giéi han
nhiét do bay hoi cho phép lam viéc véi timg loai dau. Cot “sb hiéu”, chir dau tién ky hiéu loai
dau, con sb tiép theo chi sb tiéu chuan qudc té vé ddu may lanh ISO VG.
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CHUONG 3
MAY LANH 1 CAP

3.1 PHAN LOAI MAY LANH:

3.1.1 Phan loai may lanh theo qua trinh bién dbi vat 1y ciia méi chit.

1) May lanh st dyng moi chat c6 bién ddi pha trong chu trinh 1am viéc: moi chét tir pha hoi
chuyén sang pha long va ngugc lai nhu may lanh nén hoi, may lanh ejector, may lanh hap
thu.

2) May lanh sir dung moi chat 1a khong khi, khong khi khi dan no sinh ngoai cong c6 ich nhu
cac may lanh cryo.

3) May lanh sir dung moi chét 1a khong khi, khong khi khi din né khong sinh ngoai cong ¢ ich
nhu cac ong xo4y.

4) May lanh sir dung hiéu ing Pentier: khong c6 moi chat.

3.1.2 Phén loai may lanh theo dang niing lgng cip cho chu trinh.

1) May lanh str dung co nang nhu cadc may nén lanh (may nén piston, may nén ly tdm, may nén
roto, may nén truc vit)

2) May lanh su dung nhiét ndng nhu mdy lanh ejector, may lanh hap thy, may lanh c6 may nén
hoat dong nho turbine hoi nudc hoac dong co dot trong.

3) May lanh str dung tryc tiép dién ning nhu may lanh sir dung hiéu Gng Pentier, may lanh ding
tr truong.

3.1.3 Phan loai may lanh theo niing suit lanh.

1) May lanh cong suat nhé: nang suét lanh Q, < 15kW.

2) May lanh cong sut vira: nang suit lanh 15kW < Q, < 120kW.

3) May lanh cong suét 16n: ning suat lanh Q, >120kW.

3.1.4 Phan loai may lanh theo nhiét d¢ lam lanh.

1) May lanh cryo: T < 120K.
2) May lanh thong thudng: T >120K.
«  May lanh nhiét d6 thap: t, <-30°C;
« May lanh nhiét do trung binh: t, =-30 +-10°C;
« May lanh nhiét do cao: to =-10 + +20°C;

3.1.5 Phén loai may lanh theo chu trinh nhiét dong.
1) May lanh 1 cép.

2) May lanh 2 cip.

3) May lanh nhiéu cip.

4) May lanh ghép tang.

3.1.6 Phén loai may lanh theo tinh niang st dung.
1) May lanh chuyén dung.

2) May lanh da dung.

3.1.7 Phén loai may lanh theo méi chit lanh sir dung.
1) M4y lanh amoéniac.

2) May lanh freon.

3) May lanh propan.

4) May lanh etan.
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5) May lanh khong khi.
6) May lanh hoi nudc.
7) May lanh hap thu nudc - améniic.
8) May lanh hap thy nudc - bromua liti.
Ngiy nay da sd cac may lanh str dung may nén hoi, dira theo dang may nén ngudi ta chia ra:
1) May nén pittong - Piston Compressor.
2) May nén roto - Rotor Compressor.
3) May nén truc vit - Screw Compressor.
4) May nén ly tam - Centrifugal Compressor.
5) May nén canh xoédn - Scroll Compressor

3.2 MAY LANH 1 CAP DUNG MOI CHAT LA KHONG KHI.

May lanh khéng khi 1a may lanh duoc sir dung lau doi nhit, ngdy nay do co cac mdi chat
lanh hoan thién hon khong khi nén trong cdc may lanh thong thudng nguoi ta it dung may lanh
khong khi nira.

3.2.1 So @0 nguyén 1y, do thi, chu trinh Iy thuyét.

Chu trinh Iy thuyét (Hinh 3.1): May nén hat khong khi lanh ¢ ap suét p, u’ng vai thong s6
trang thai 1 nén doan nhiét, dang entropy den p2 thanh khong khi nong Gmg voi théng so trang
thai 2, su dung ngoai cong lmn. Vi thong s6 trang thai 2, khong khi nong di vao thiét bi lam mat,
nha nhiét luong q; va duoc lam mat dang ap p, = const dén thong s trang thai 3. V0’1 thong sb
trang thai 3 khong khi mat di dén may dan né va din né ding entropy tir p, xudng p; thanh
khong khi lanh Gng voi théng so trang thai 4, sinh ngoai cong c6 ich Iy Khong khi lanh voi
thong s trang thai 4 di vao phong lanh nhan nhiét q, dang ap p; dén thong sb trang thai 1 va
quay tré vé may nén. Chu trinh ctr thé tiép dién.

|leq1

| EEE—
THIET BI LAM MAT 5
2
=
2 1E L5
A =
- =
E 116!1 = Ilmn
4  PHONG LANH 1
— 1

|leqz|

Psal 2 p

P4

Hinh 3.1: May lanh 1 cdp diing méi chdt la khong khi.
1-2: qua trinh nén doan nhiét, ddng entropy. 2-3: qud trinh nha nhiét dang dp. 3-4: qua
trinh dan no doan nhiét, dang entropy. 4-1: qua trinh nhdn nhiét dang ap.
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3.2.2 Tinh to4n cac thong so ciia chu trinh.
1) Congnén lpmy: do dq = 0 tur dinh luat 1 nhiét dong hoc dq = dh - vdp ta ¢6 dlyw, = -vdp = -dh
Thong thuong nguoi ta sit dung cong duong nén ta co:

P2
1. = .[Vdp = dt(p44123p3p4) trén do thi p-v.

Pi
h2
hogc: 1,,, = [dh=h, —h;;
hl

néu coi khong khi 1a khi Iy tuong ta co ln=cp.(T2 - Th).
2) Nhiét luong thai ra ¢ thiét bi lam mat: dp=0.

S3
dq, =T-ds=q, = J.T -ds = dt(511234s4sl); trén do thi T-s.
S2
néu coi khong khi 1a khi Iy tuong ta co q, = Cp-(T2 - T3)
3) Cong dan no k¥ thuat:

P2
1y = Ivdp = dt(p443p3p4) trén do thi p-v.
Pi
néu coi khong khi 1a khi Iy tuong ta ¢ Iy = Cp-(T3 - Ty).
4) Nhiét lwong nhan dugc ¢ phong lanh: dp = 0.
Q2 = cp.(Ty - Ty) = dt(s; 14s4s,) trén d6 thi T-s.
5) Coéng cap cho chu trinh:
1= !mn - lmdn = Cp.(Tz - Tl) - Cp.(T3 - T4) = Cp.(Tz - T3) - Cp.(T4 - Tl) =q1 — Q= dt(12341) trén ca
2 d6 thi T-s & p-v.

6) H¢ sb lam lanh: € = qu;

Cp'(T1_T4) (T1_T4)

_Cp'(Tz_Tl)_Cp'(T3_T4) T - T_z_l —~T, - E_l ’
1 T 4 T

1 4

k-1
T kT

qua trinh 1-2 va 3-4 1a doan nhiét nén ta co: 22 _| P2 =3
T, P T,

R Ve VIR B ¢

T2 L—l T2_T1.
(TI—T4).(?]—IJ T

3.2.3 So sanh vaéi chu trinh Carnot.

Chu trinh Carnot Qquc thuc hién boi 2 duong déng nhiét T, va Ts. Do d6 hé sb 1am lanh &,
cho chu trinh Carnot bang:

Tl Tl
€. = > =¢.
T3 - Tl Tz - Tl
3.2.4 Cac nhan xét.
1) Do nhiét dung riéng cua khong khi nho (c, = 1,007kJ/kg K so voi nhiét an hoa hoi moi chit
lanh nhu R22, R717) nén thé tich khong khi tuan hoan 16n, do do kich thudc cac thi€t bi may
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lanh khong khi 16n.

2) Do nhiét toa ciia khong khi nhé (chimg 23W/(m*.dd) so v&i nhiét téa cia cac mdi chit lanh
khi ngung tu hodc khi s6i — nhiéu ngan W/m?) nén kich thuéc cac thiét bi trao ddi nhiét 16n:
thiét bi lam mat, thiét bi lam lanh.

3) Hé sb lam lanh nho hon nhiu cdc méi cht lanh théng dung (Chu trinh 1y thuyét: may lanh
khong khi c6 € = 1.6; may lanh thong thuong € = 4). Cac may lanh thong thuong ngay nay rat
it dung khong khi. Chi con may lanh hi€u trng 6ng xody. Trong lanh cryo thi moi chat nhat
dinh 1a khong khi do lanh cryo chinh la lanh héa 16ng khong khi.

3.3 MAY LANH 1 CAP LAM VIEC VUNG 2 PHA DUNG MAY DAN NO.

3.3.1 So @6 nguyén 1y, db thi, chu trinh ly thuyét.

Chu trinh Iy thuyét (Hinh 3.2): hoi bdo hoa a4m ha 4p v6i thong sb trang thai 1 (T,, po) duoc
hat vao may nén I, nén doan nhiét, dan g entropy, dua ap suét va nhiét 46 méi chit 1én Pk, Tk Ung
v6i thong s trang thai 2, tiéu tén ngoai cong ly,. V6i thong sb trang thai 2 moi chét di vao thiét
bi ngung tu II, va duoc ngung tu dang nhiét, dang 4p theo qua trinh 2-3, nha nhiét luong qi. Voi
thong sb trang thai 3 moi chat di vao may dan nd III, dan nd doan nhiét, dan entropy theo qua
trinh 3-4, sinh ngoai cong lygn. V61 thong ) trang thai 4 moi chét di vao thiét bi bay hoi, nhan
nhiét luong q, dang ap, dang nhiét theo qué trinh 4-1. Moi chat véi thong sb trang thai 1 di vao
may nén. Chu trinh ct thé tiép dién.

P, j9,

3 T 2

1E-m LB
hdm 4':1
4 v

| T B
B A @/Tk
T / r”ﬁlﬁ\ ]
wl /1 o L/ EE N\ 4
[ 4Tt INe 0 |/ DN \

84 81
Hinh 3.2: May lanh lam viéc vung 2 pha.
I - May nén; II - Thiét bi ngung tu; III - Mdy dan né.; IV - Thiét bi bay hoi..
1-2: qud trinh nén doan nhiét, ding entropy; 2-3: qud trinh ngung tu dang ap; 3-4: qud trinh
dan né dang entropy; 4-1: qud trinh bay hoi dang dp;

3.3.2 Tinh to4n cac thong sb ciia chu trinh.

1) Congnén: Iy, =h; - hy.

2) Nhiét lugng nha ra & thiét bi ngung tu: qu = hy - hs = dt(s;1234s4s,) trén d0 thi T-s.
3) Congdan nd: lpan = h3 - ha.

4) Nhiét luong nhan dugc & thiét bi bay hoi: qo = h; - hy = dt(s;14s4s)) trén do thi T-s.
5) Cong cép cho chu trinh: I = 1y, - Ldgn = gk - Qo = dt(12341) trén do thi T-s.
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A A1y q, h,-h,
6) H¢ so lam lanh: e = =2 =
1 (hz _h3)_(h1 _h4)

3.3.3 So sanh véi chu trinh Carnot.

Chu trinh duoc thuc hién boi 2 duong dang nhiét va 2 dudng déng entropy. Thuc té cac chu
trinh nha nhiét, nhin nhiét déu co dd chénh nhi¢t do (nhiét do nguén néng nho hon Ty; nhiét d
ngién lanh 16n hon T,). Céc qua trinh 1a khong thuén nghich: s;>s;; s3>s4). Do d6 chu trinh thuc
van c6 hé sb 1am lanh nhé hon hé s 1am lanh cua chu trinh Carnot.

3.3.4 Cac nhan xét:

Chu trinh may lanh nay la 1y tuong song hién nay khong thyc hién dugc do cac tré ngai ky
thuat:

1) bdi véi may nén khi lam viéc & vung 2 pha khi nén 1én ap suét cao, nhiét do 16n, cac hat
1ong mdi chat nhan nhiét héa hoi dot ngdt, lam ap suat ting dang xung giy thiy kich may
nén, pha hong may nén nhanh chong. Do d6 cic may nén thuc lam viéc & vung hoi bao hoa
khoé va qua nhiét.

2) Céc chat Iong thuc té coi nhu khong chiu nén. Do dé cong dan nd thu duoc khong dang ké.
Mit khac may dan nd lam viéc ving 2 pha c6 dd am cao ciing bi hong nhanh chéng. Ché tao
may dan n6 lam viéc ving 2 pha rat ton kém. Do d6 cac may lanh théng thuong khong dung
mdy dan né ma chi dung van tiét lvu. Cac may lanh cryo hoa long khong khi bat budc phai
stt dung may dan nd dé khoi dong hé théng va bu ton thit nhiét, song ciing chi lam viée &

ving c6 do khé twong d6i 16m (x > 0,5 + 0,7).
3.4 MAY LANH 1 CAP THU'C HIEN HANH TRINH KHO DUNG VAN TIET LUU.

Hanh trinh 4m 13 hanh trinh nén ctia may nén hut hoi bao hoa am.

Hanh trinh kho Ia hanh trinh nén cia may nén hut hoi bao hoa kho hay hoi qua nhiét.

Dé tranh cho may nén 1am viéc viing 2 pha ta cho may nén chay hanh trinh kho.
3.4.1 So @6 nguyén 1y, db thi, chu trinh ly thuyét.

TS

[y T
L 3/ BTk jfk/'rk
/ i
55/4 4 LT
/ \\ s
7 3 4- :

Hinh 3.3: May lanh 1 cdp ding van tiét lieu.
I-Mdy nén; II-Thiét bi ngung tu; III-Van tiét luu; IV-Thiét bi bay ho.
1-2: qud trinh nén doan nhiét, diang entropy & mdy nén I; 2-3: qud trinh ngung tu dang dp & thiét
bi ngung tu II; 3-4: qud trinh tiét lwu dang enthalpy & van tiét lwu IIl; 4-1: qud trinh bay hoi
ddng dp ¢ thiét bi bay hoi IV;
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Chu trinh Iy thuyét (Hinh 3.3): hoi bdo hoa kho tir thiét bi bay hoi IV di dén may nén, nén
doan nhiét, dang entropy theo qua trinh 1-2 tr¢ thanh hoi qua nhiét cao ap, tiéu ton ngoai cong 1.
Moi chat voi thong so trang thai 2 di vao thiét bi ngung tu II, ngung tu dang ap theo qua trinh 2-
3, nha nhiét g thanh long hoan toan (long bao hoa kho6 voi thong so6 trang thai 3). Long cao ap
vo1 thong s6 trang thai 3 di dén van ti€t luu III va ti€t luu dang enthalpy thanh hoi bao hoa 4m ha
ap voi thong so trang thai 4. Vo1 thong so trang thai 4 moi chat di vao cum thiét bi bay hoi IV va
binh tach 16ng V nhan nhi¢t q, ddng 4ap, dang nhi¢t dén thong so trang thai 1 ro1 quay tré vé may
nén I. Cr thé chu trinh tiép dién.

3.4.2 Tinh to4n cac thong so ciia chu trinh.
1) Coéngnén: 1=h, - h;.
2) Nhiét luong nha ra & thiét bi ngung tu: qi = hy - hy = dt(1°12533°1°) trén d6 thj T-s.
3) Nhiét lwong nhan dugc & thiét bi bay hoi: qo = h; - hy = dt(1°144°1”) trén d6 thi T-s.
G _hi=hy

hz - h1
3.4.3 So sanh véi chu trinh Carnot.

Hé s 1am lanh € nh6 hon chu trinh Carnot song may nén chay hanh trinh kho.

3.4.4 Cac nhan xét.
1) May lanh chay hanh trinh kh6 nén nang suit lanh riéng q, dat gia tri cuc dai do diém 1 nam
trén duong c6 do kho x=1.

4) H¢ s6 lam lanh: € =

2) Biéu dién cong trén do thi T-s:

1=qk- qo =dt(1233’4°41) = dt(123541)
Chiing minh: ta phai ching minh dt(365) = dt(644°3’).
Céc chit 1ong thuc té xem nhu khong chiu nén. Do d6 ¢co thé coi moi duong dang ap ¢ phan
long la trung nhau va trung v6i duong do am y=1. Tur d6 ta c6 thé xem qua trinh 35 la qua
trinh dang ap vdi px=const, nhiét lugng nha ra & qua trinh 35 la:

h; - hs = dt(33°753) = dt(365) + dt(563°7).

Qua trinh 45 1a qua trinh ding ap p, = const, nhiét luong nha ra & qua trinh 45 a:

hy - hs = dt(544°7) = dt(644°3”) + dt(563°7).
Qua trinh 3-4 14 qu4 trinh tiét luu nén:

h3 = h4.
Do dé:
hs —hs = dt(365) + dt(563°7) = hy — hs = dt(644°3”) + dt(563°7).

Ta c6: dt(365) = dt(644°3”) 1a diéu phai chirmg minh.

3) Céc méy lanh thyc t€ khi lam viéc theo ché d9 tinh toan thiét ké thong s6 trang thai diém bat
dau nén déu la hoi qua nhiét do moi chat trao d6i nhiét trén duong ong tir thiét bi bay hoi vé
may nén véi moi truong xung quanh, do moi chat tiép xtic voi cac chi tiét co nhiét do cao
trong budng nén cua xy lanh may nén.

4) €6 2 phuong phép chinh chay hanh trinh kho 1a dung binh tach 16ng va dung thiét bi hoi
nhiét.

3.5 MAY LANH 1 CAP THUC HIEN HANH TRiNH KHO DUNG BINH TACH LONG.

3.5.1 So' d6 nguyén 1y, db thi, chu trinh 1y thuyét.
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Hinh 3.4: May lanh 1 cdp ding thiét binh téach long.

I-May nén; 1I-Thiét bi ngung tu; HI-Van tiét luu; 1V-Thiét bi bay hoi; V-Binh tc%ch long. )
1-2: qua trinh nén doan nhiét, dang entropy ¢ may nén I; 2-3: quda trinh ngung tu dang ap o thiet
bi ngung tu II; 3-4: qud trinh tiét lwu dang enthalpy ¢ van tiét lwu III; 4-1: qud trinh bay hoi
ddng ap & thiét bi bay hoi IV;

Chu trinh 1y thuyét (Hinh 3.4): hoi bdo hoa am tir thiét bi bay hoi IV di vao binh tach léng

V, ¢ binh tg’lch long cac giot 1ong béo hoa voi thong so trang thai 6 duoc tach ra khoi moi chat réé
quay tré ve thiét bi bay hoi. Hoi mdi chat ra khoi binh tach 16ng la hoi bao hoa khé véi thong s6
trang thai 1 dugc dua den may nén, nén doan nhiét, dang entropy theo qua trinh 1-2 tr¢ thanh hoi
qua nhiét cao ap, tiéu ton ngoai cong 1. Mbi chit voi thong sb trang thai 2 moi chat di vao thiét bi
ngung tu II, ngung tg dang 4p theo qué trinh 2-3, nha nhiét qk,thanh léng hoan toan (Iéng bao
hoa kho véi thong so trang thai 3°, long qua lanh voi thong so6 trang thai 3). Long cao ap voi
thong 5O trang thai 3 di dén van tiét luu 1T va tiét luu dang enthalpy thanh hoi bdo hoa a am ha ap
voi thong s6 trang thai 4. V6i thong sO trang thai 4 moi chat di vao cum thlet bi bay hoi IV va
binh tach long V nhén nhiét g, dang ap, dang nhiét dén thong sd trang thai 1 rdi quay tré vé may
nén I. Ctt thé chu trinh tiép dién.

3.5.2 Tinh toan cac thong sb ciia chu trinh.

1) Congnén: 1=h; - h;.

2) Nhiét luong nha ra ¢ thiét bi ngung tu: q = h; - hs.

3) Nhiét lugng nhan dugc ¢ thiét bi bay hoi: qo, = h; - ha.

4) H¢ s6 1am lanh: qu—ozm-

hz o hl

3.5.3 Cac nhan xét.

1) Chu trinh may lanh c6 (lué lanh: T3<T3: (Tq= T3-T3'; néu Ty = const ma ta co thé qué lanh thi
cong nén khong thay doi ma ndng suat lanh q, tang lén so vdi chu trinh khong c6 qua lanh
mot luong Aqqr= hs--hs. Tuy nhién phai thém thiét bi qua lanh.

2) May lanh amoniac 1 cap lam viéc theo chu trinh nay. May lanh freon do tr¢ lyc dan bay hoi
cao nén néu cé binh tach long thi khong c6 duong xa l1dng vé dan bay hoi, 1éng gom lai binh
tach long s bay hoi do nhan nhi¢t tir méi truong xung quanh.
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3.6 MAY LANH 1 CAP THUC HIEN HANH TRINH KHO DUNG THIET BI HOI
NHIET.

3.6.1 So' @6 nguyén ly, dd thi, chu trinh 1y thuyét.

|qu|

l,  Mlep 4 BT\ B o (T 2
- /3 3/ BT T

Ak
W LA s\
. 6 7| Bl /i p |7 By To To
v iq“ / 5 6|\T0 h / > 6\

Hinh 3.5: May lanh 1 cap thue hién hanh trinh khé ding thlét bi hoi nhiét.

I- May nén; II-Thiét bi ngung tu; I1I- Thiét bi hoi nhiét; IV-Van tiét leu; V-Thiét bi bay hot.
1-2: qud trinh nén doan nhiét, ddng entropy & mdy nén 1; 2-3: qua trinh ngung tu dang dp ¢ thiét
bi ngung tu 1l; 3-4: qud trinh qua lanh o thiét bi hoi nhiét III; 4-5: qud trinh tiét leu dang
enthalpy & van tiét luu IV; 5-6: qud trinh bay hoi ddng dp & thiét bi bay hoi V; 6-1; qud trinh
qud nhiét ¢ thiét bi héi nhiét I11.

3.6.2 Tinh toan cac thong s ciia chu trinh.
1) Cong cap cho chu trinh: 1=h; - h;.

2) Nhiét luong nha ra & thiét bi ngung tu: q, = h - hs.

3) Nhiét luong trao ddi & thiét bi hoi nhiét: qn,=hs - hy =h, - he

4) Nhiét luong nhan dugc & thiét bi bay hoi: qo = hg - hs.

5) Hg¢ s6 lam lanh: € i @

hz - hl

3.6.3 Cac nhan xét.

1) Khinao ding thiét bj hoi nhiét? So sanh chu trinh méy lanh sir dung thiét bj hoi nhiét voi
chu trinh stir dung binh tach long ta thay chu trinh s dung thiét bi ho1 nhi¢t dugc thém mdt
lugng lanh:

Aqgn :ql;" —q, :(h6 _hS)_(h6 _h9):h9 —h; zdt(5—9—10—11—5)-
Tén thém mét lugng cong:
Al =1y, 1= (hz - hl)_ (hs - hﬁ): (hz _hs)_ (hl _hs): dt(12861)-
Vé mit thiét bi ton them thiét bi hoi nhiét.
Chu trinh héi nhi¢t chi dugc st dung néu hé s6 lam lanh &y, cao hon hé sb 1am lanh ¢ khi
khong c6 hoi nhiét:
hn hn
9 +tAd, 9o . Ady Al
1+AlL, 1 q, 1

2) Dbi v6i cac moi chét lanh thuc té thong dung 1a NHs, freon thi khi st dung chu trinh hoi

nhiét dbi véi NH; ta c6: en <ep; do d6 chu trinh may lanh NH; khong dung thiét bi hoi

nhiét. D6i v6i freon R12 va R134ata co: <™ > gl . Do d6 chu trinh may lanh freon R12
va R134a nén sir dung thiét bi hoi nhiét.

3.7 BOM NHIET.
3.7.1 Bom nhiét cong suit 16m.
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3.7.1.1 So’ @6 nguyén 1y, do thi, chu trinh Iy thuyét.
7
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Hinh 3.6: Bom nhiét céng sudt lom.
Van 1-8: van chuyén ché dé cdp nhiét va diéu hoa khéng khi (cap nhiét 1-4 déng, 5-8 mo); Bl,
B2: bom nude 1 va 2; MN: mdy nén; TBNT: thiét bi ngung tu; TBBH: thiét bi bay hoi; TBHN:
thiét bi hoi nhiét; TBTDN: thiét bi trao doi nhiét.

Igp :
v AT\ K o odT R
AT /AT _A
Ty L/ P
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Hinh 3.7: D6 thi lgp-h va T-s

Chu trinh 1y thuyét: Hé théng lanh (Hinh 3.6 va 3.7) lam viéc nhu chu trinh may lanh 1 cép ¢
hoi nhiét. Hoi moi chat tir thiét bi bay hoi TBBH véi thong sb trang thai VI di vao thiét bi hoi
nhiét TBHN, tai day hoi moi chat nhan nhiét ctia moi chat long cao ap, bién ddi theo qua trinh
VI-I thanh hoi qué nhiét va di vao may nén MN. Tai may nén moi chit duoc nén doan nhiét
dang entropy theo qua trinh I-II tré thanh hoi qua nhiét cao ap. Tiép theo mdi chit di vao thiét bi
ngung tu TBNT, nha nhiét qi cho mdi chét giai nhiét va ngung tu dang ap theo qua trinh II-IIT
thanh 16ng cao ap. Long cao 4p di t6i thiét bi hoi nhiet TBHN, nha nhiét cho hoi méi chat ha ap
va dugc qua lanh theo qua trinh ITI-IV. Tiép theo Iong qua lanh di dén van tiét luu, tiét lvu doan
nhiét dang enthalpy theo qua trinh IV-V thanh hoi bdo hoa m roi di vao thiét bi bay hoi TBBH.
Tai thiét bi bay hoi moi cht nhan nhiét q, cua moi chét tai lanh, bay hoi dang ap dang nhiét theo
qua trinh V-VI. Mbi chat véi thong sb trang thai VI di dén thiét bi hdi nhiét TBHN. Chu trinh ct
thé tiép dién.

Hé théng cép lanh, cép nhiét cho phu tai thiét bi trao ddi nhiét TBTDN:

«  Mua hé: vé mua hé phu tai cdn lam lanh, ché d6 diéu hoa khong khi. Cac van 1, 2, 3, 4 mé;
cac van 5, 6, 7, 8 dong. Bom B2 bom nudc lanh qua thiét bi trao ddi nhiét TBTPN, cép lanh
cho phu tai. Tiép theo nudc di qua van 1, toi diém A, qua thiét bi bay hoi TBBH nha nhiét q,
cho méi chit lanh. Sau d6 di qua diém B, van 2 r6i quay vé bom B2. Bom B1 hat nugc tir
song, hd tu nhién bom nuée qua van 3, toi diém C, vao thiét bi ngung tu TBNT; tai ddy nudc
nhén nhi¢t ngung tu gx cua modi chét lanh, sau d6 toi diém D , van 4 roi xa tr& lai song hd.
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Néu 1a song thi diém xa phai ¢ dudi diém hiit vao bom B1 theo dong chay. Néu 1a ho thi dién
tich hd phai d 1on dé giai nhiét mua heé, cap nhiét vé mua dong; hai vi tri hut va xa xa nhau
d khi tudn hoan tré lai ddu hit nude da c6 nhiét d6 tw nhién.

« Mua dong: vé mua dong phu tai can cép nhiét, ché do sudi am. Cac van 1, 2, 3, 4 dong; cac
van 5, 6, 7, 8 m¢. Bom B2 bom nugc nong qua thiét bi trao d6i nhiét TBTDN, cip nhiét cho
phu tai. Tlep theo nudc di qua van 3, t6i diém C, qua thiét bingung tu TBNT nhan nhiét gx
ttr moi chat lanh ngung tu. Sau d6 di qua diém D, van 6 r6i quay vé bom B2. Bom B1 hut
nudc tor song, hd tu nhién bom myoc qua van 7, toi diém A, V78.0 thiét bi bay hoi TBBH; tai
day nudc nha nhiét q, cho moi chat lanh bay hoi, sau do t61 diém B, van 8 roi xa trd lai song
ho.

3.7.1.2 Tinh toan cac thong s6 ciia chu trinh.

Nhu chu trinh 6 héi nhiét.

3.7.2 Bom nhiét cong suit nhé (may diéu hoa khong khi dio chiéu).

3.7.2.1 So @ nguyén ly, db thi, chu trinh ly thuyét.

== ,5;@“ -~

s
N " -

"
H =

BTL MN
oM2
e UG 0 | OM1 =—
O 7000
vIiC

Hinh 3.8: May diéu hoa khéng khi ddo chiéu.
MN: mdy nén; BTL: binh tach long; DTN: dan trong nha; DNN: dan ngoai nha,; VDC: van dao
chiéu 4 nga; VIC: van I chiéu; OM1 va OM?2: ong mao 1 va ong mao 2.

Nguyén ly lam viéc (Hinh 3.8):

Mua he: moi chat chuyén dong theo chiéu miii tén lién nét. moi chat tir may nén MN dén
van ddo chicu 4 ngd VDC, téi dan ngoai nha DNN la thiét bi ngung tu, di dén ong mao OMI,
qua van mot chiéu VIC, t(:ri dan trong nhaD TN la thiét bi bay hoi, tré v€ van ddo chiéu VDC, to1
tach léng BTL r6i quay vé may nén MN.

Mua d6ng: moi chét chuyén dong theo chiéu miii tén dt nét. moi chat tr may nen MN dén
van dao chiéu 4 ngd VDC, t&i dan trong nha DTN 1a thiét bi ngung tu, di dén & ong mao OM2, qua
dng mao OMLI, to6i dan ngoai nha DNN la thiét bi bay hoi, tré vé van dao chiéu VDC, téi tach
long BTL rdi quay vé may nén MN.
3.7.2.2 Tinh to4n cac thong sb ciia chu trinh.

Nhu chu trinh ¢6 héi nhiét.

3.8 TINH TOAN CHU TRINH MAY LANH 1 CAP.

3.8.1 Cac dai luwgng cho trudrc.
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Nhiét do ciia mdi trudng gidi nhi€t (nudc hodc khong khi): ty,.
Nhiét d6 cia san phém can 1am lanh, hodc moi truong can 1am lanh (16ng hodc khi): tg.
Ning suét lanh can dam bao Q, cho 1 gid; quy ddi ra kJ/h.

3.8.2 Trinh ty tinh toan.

)
2)
3)
4)

5)

Tinh nhi¢t d0 ngung tu ty:
Néu méi trudng giai nhiét 1a khong khi: ty = t,+(10 + 20)°C;
Néu méi truong giai nhiét 1a nudc: t = ty+(5 + 8)°C;
Tinh nhi¢t d0 bay hoi t,:
MOoi truong lam lanh 1a khéng khi: t, = t¢- (7 + 10)°C;
Moi trudong lam lanh 1a khong khi cho diéu hoa nhiét do: t, = t¢- (12+20)°C;
Mbi truong 1am lanh 1a chat 1ong: t, = t¢- (4 =+ 6)°C;
Chon d¢ qua nhiét:
May lanh aménidc: Atg, =3 + 5°C;
May lanh freon: Atg, = 10 + 45°C tly theo mirc d6 hdi nhiét;
Chon d6 qua lanh:
May lanh aménidc: Atq =2 + 3°C tai thiét bi ngung ty;

Mady lanh freon: Aty xac dinh theo phuong trinh can bang nhiét cta thiét bi hdi nhiét: h-hg =
h3 - h4, kJ/ h;
Xay dung d6 thi, xac dinh gia trit, p, v, h, s & cac diém nt cta chu trinh (Bang 3.1).

Bdng 3.1: Thong s trang thdi cdc diém nit cia chu trinh.

TSTT t p v h S
DPiém na °C bar m’/kg kl/kg kJ/(kg.do)

1

2

3

4

5

6

7

1
6\::151

Hinh 3.9: D6 thi T-s chu trinh may lanh 1 cdp.
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6) Tinh cong may nén: 1 = hy-hy, kJ/h;
7) Tinh nhiét lugng thai ra ¢ thiét bi ngung tu: q=h,-hs, kl/kg;
8) Tinh nhiét lugng nhan dugc & thiét bi bay hoi: q,=hs-hs, kJ/kg;

9) Tinh hé s6 lam lanh: &= ql—o .
10) Tinh luong mdi chit G tuan hoan trong hé thong lanh trong 1 gio: G = Qo ; kg/h

o

11) Thé tich hut gid may nén: Vi=G.v,, m’/h.
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CHUONG 4:
MAY LANH NHIEU CAP, NHIEU TANG

4.1 Su cin thiét phai dung may nén piston nhiéu cip, nhiéu ting.
4.1.1 Qua trinh nén khi may nén piston 1 cép:

Pi 3 ) i T
B \ 3
\ -
2
/
\4 \1 e
P4 Va4 v1_ s
Ve Vh V
Vq
- Vit o
PCT
PCD

Hinh 4.1: Méy nén I cdp cé khong gian chét.

Vi ly do k¥ thuat: cac vat khi nong lén thi thé tich ting Ién, nén khi piston 1én dén diém cao
nhat (Hinh 4.1, diém 3 - goi 1a diém chét trén - hodc tu diém thugng) van khong cham vao bé
madt ndp quy 1at (cum van day) may nén, do do trong xy lanh van con mot khoang khong gian
cho moi chat; khoang khong gian nay dugc goi 1a khong gian chét V.. Khi pit tong thuc hién
hanh trinh hut thi phén thé tich V. dan n¢ ra dén Vs. Sau khi pit tong di qua di€ém 4 thi hoi m6i
chat méi dugce nap vao xy lanh. Qua trinh nap mdi chat dung khi pit tong di dén diém chét dudi
(di€m 1). Lugng hoi méi chat thyc té hut dugc bang: Vy=V;-V4. The tich pit tong quét duoc la
Vq-

Khi p; tang thi Vj ting, V;, giam, tac hai khong gian chét ting lén.

Ngoai ra khi p, ting thi nhiét d6 cudi tim nén t, ting, lam giam hodc tham chi pha hiry kha
nang boi tron cua dau boi tron may nén.

Pé ting thé tich hat va giam nhiét d6 cudi tAm nén ngudi ta khéng ché ty sé nén

e=22<10+12 cho mdt cap nén. Khi ty s6 nén vuot qua tri sb ndy ngudi ta sir dung may nén
by
nhiéu cap, nhiéu tang,
4.1.2 Qui trinh nén khi may nén piston nhiéu cép
Ngoai hai uu diém ké trén qua trinh nén nhiéu cap con ¢6 wu diém la tiét kiém cong nén hon
do co thé sir dung lam mat trung gian gitra cac cap nén. Trong thyc té ky thuat qua trinh nén
khong vuot qua 3 cap, phd bién nhit 13 2 cap Do lam mat trung glan nén d& tén céng nén.

Nguyén Iy lam viéc mdy nén 3 cip: moi chit véi thong s trang thai p;, T; dugce hit vao
may nén cip 1 (MN1) nén doan nhiét theo qua trinh 12 véi thong s trang thai 2 13 p,, To, tiéu
thu ngoai cong 1;. Sau khi ra khoi may nén cap 1 mdi chat duoc dua dén thiét bi lam mat trung
gian 1 (MTG), tai diy moi chat nha nhiét dang ap q; cho méi trudng xung quanh theo qué trinh
23.
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Hinh 4.2: May nén nhiéu cap.
MTGI: thiét bi lam mat trung gian 1, MTG2: thiét bi lam mat trung gian 2; MNI: méy nén 1;
MN2: mdy nén 2; MN3: mdy nén 3.

Sau khi ra khoi thiét bi MTG1 mdi chat di vao may nén cép 2 nén doan nhiét theo qua trinh
34 v6i thong s6 trang thai 4 1a ps, T4, ti€u thu ngoai céng . Sau khi ra khoi may nén cap 2
(MN2) moi chit dugc dua dén thiét bi 1am mat trung gian 2 (MTG 2), tai ddy moi chat nha nhiét
dang ap qi cho moi truong xung quanh theo qua trinh 45. Sau khi ra kh01 thiét bi MTG2 méi
chat di vao may nén cap 3 nén doan nhiét theo qua trinh 56 vai thong sO trang thai 6 1a pe, Te,
tiéu thu ngoai cong 5. Sau khi ra khoi may nén cip 3 (MN3) méi chat duoc dua dén thiét bi
ngung tu.
Tinh toan:
« Coéngnén:1=1; +1,+ I3=dt (12345678910)
. Congnén cho may nén 1 cip licgp = dt(1278910)
« Do lam mat trung gian nén d& ton 1 cong nén:
Al=1- llcap = dt(27865432).
« Ty sb nén cho cac cip va nhiét do ddu tim hat mdi cap duoc t1nh trén co s& cong nén la nho
nhét (1 = min; Al = max). Khi tinh toan so bd cho m cap chon ty sé nén b bang;

B=mEE.
Po
4.1.3 May lanh nhiéu ting:

Khi lam lanh ¢ nhiét d§ thip ngoai phuong phép nén nhiéu cdp con sir dung phuong phép
méy lanh nhiéu tang. Day la phuong phap sir dung dé hoa long cac chat khi trong lich sir lanh
cryo (Cryogen). Ngiy nay rat it str dung.

4.1.4 Phan cAp may nén theo nhiét do bay hoi:
t, > -30°C: 1 cap nén.
t, = -30°C + -50°C: 2 cap nén.
t, = -30°C + -70°C: 3 cap nén.

4.2 MAY LANH HAI CAP KHONG TRICH HOI TRUNG GIAN, LAM MAT TRUNG
GIAN KHONG HOAN TOAN.

4.2.1 So @6 nguyén ly, @b thi, chu trinh ly thuyét:
Chu trinh: Hoi moi chit voi cac thong sé trang thai p,, t; duoc may nén thap 4p NTA (Hinh
4.3) nén doan nhiét dén ap suat py, to. Hol moi chat duoc dua vao thiét bi lam mat trung gian,
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mdi chat nha nhiét cho méi trudng lam mat theo qué trinh 2 — 3. Pay 1a qua trinh lam mat khong
hoan toan, diém 3 & ving qua nhiét; ta ldy t; = ts. Sau thiét bji lam mat ‘trung gian hoi trung ap
dugc dwa vao may nén ap cao NAC va dugc nén doan nhiét dén ap suit py, t4. Sau nén cao ap
mdi chit dugc dwa dén thiét bi ngung tu va ngung tu thanh long hoan toan mg voi thong s6
trang thai diém 5. Long sau thiét bi ngung tu dugc dwa dén van tiét luu va tiét luu tir p xudng p,
ing voi thong s6 trang thai diém 6 rdi di vao thiét bj bay hoi nhan nhiét trd vé thong sb trang thai
diém 1.

ptg‘ 9y
3 2
"
4 I R i 1
MNCA MNTA
Py = P
k as] m qo
= =
5 VTL 6
ﬁn..

Igp

e A \J/

/ N\ h

i~ 0

!

Hinh 4.3: May lanh hai cdp khéng trich hoi trung gian, lam mdt trung gian khéng hodn todn.
MNTA: may nén thdp dp; MNCA: mdy nén cao dp; TBLM: thiét bj lam mat; TBNT: thiét bi
ngung tu, VTL: van tiet luu;, TBBH: thiét bi bay hoi.

4.2.2 Tinh toan chu trinh:

1) Cong tiéu thu may nén thap ap: Iyar =h, — h;.

2) Cong tiéu thu may nén cao ap: Ivac = hs — h;.

3) Congnén: 1= InaT - Inac.

4) Nhiét lugng nha ra ¢ thiét bi lam mat trung gian: qurg = hs — hy.
5) Nhiét luong nha ra & thiét bi ngung tu: q = hs — hs.

6) Nhiét lwvong nhan duoc & thiét bi bay hoi: qo = h; — hg.

7) He¢ sb lam lanh: € = q4/1.

8) Luong moi chat tuan hoan qua may nén thap ap: Gnar = Qo/qo.
9) Luwong mdi chat tudn hoan qua may nén ap cao: Gyac = Gnar.
10) Thé tich hut may nén thap ap: Vi"*" = Gnar.vi.

11) Thé tich hut may nén ap cao: VhNAC = GNAC.V3.

4.2.3 Nhan xét:

1) Nhiét 46 & dau hut may nén ap cao 1a t3 con 10n do méi chat chua dugc lam mat hoan toan.
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Néu giam duoc t; xudng thi t4 s& gidam, cong nén Iyac s& giam.
2) Ap suit trung gian tinh todn so bd: ps = \/p,-p.

4.3 MAY LANH 2 CAP CO TRiCH HOI TRUNG GIAN, LAM MAT TRUNG GIAN
KHONG HOAN TOAN, CO 2 TIET LUU.

4.3.1 So' d6 nguyén 1y, db thi, chu trinh 1y thuyét:

P | 9y
4 3L|:|Jz

kg =——
5 > TBLM |
MNCA MNTA
Pi ]E 10 §£ P,
9 E g B 95
6
Igp
i _
6
‘f
8f

Hinh 4.4: M ay lanh 2 cdp c6 trich hoi trung gian, lam mdt trung gian khéng hoan todn, ¢6 2 tiét
luu.

12: qua trinh nén doan nhiét, dang entropy ¢ mdy nén th,dp ap; 23: qud trinh lam mdt & thiét bi
lam mat; 34 va 10-4 qud trinh hoa tron 2 dong méi chat lanh; 45: qua trinh nén doan nhiét,
ding entropy 0 mdy nén cao ap; 56. qua trinh ngung tu dang dp ¢ thiét bi ngung tu; 67: qud

trinh tiét luu & van tiét luu 1; 89: qud trinh tiét luu & van tiét lwu 2; 91: qud trinh bay hoi & thiét

bi bay hoi.
MNTA: may nén thap ap; MNCA: may nén cao ap; TBLM: thiét bi lam mat; TBNT: thiét bi
ngung tu; VILI1: van ti€t luu 1; VTL2: van tiét luu 2; TBBH: thiét bi bay hoi.

Chu trinh: Trong so d6 nay (Hinh 4.4) méi chit di qua may nén thap ap va may nén ap cao
khong bang nhau do c6 trich mot phan hoi trung gian, hoi nay tao ra sau tiét lvu TL1. Hoi moi
chat v4i ap sut Po, nhiét do Ty dugc nén & may nén thap ap dén ap suét trung gian prc. Tiép theo
duoc 1am mat dén diém 3 & thiét bi lam mat trung gian. Sau khi ra khoi thiét bi lam mat trung
gian hoi moi chét dugc hdn “hop véi budng hoi bao hoa kho sau van tiét luu TL1 img v6i thong
s6 trang thai 10 tao thanh hdn hop c6 thong sé trang thai 4. May nén cao ap nén dén ap sut py
u’ng v6i diém 5. Hoi cao ap dugce dua vao bo ngung va ngung tu dén diém 6. Long tiét luu qua
tiét luu 1 dén trang thai 7. Phén hoi o sinh ra sau van tiét luu TL1 véi trang thai 10 dugc dua tré
lai dau hut may nén ap cao; phan 16ng voi trang thai 9 di tiép qua van tiét luu TL2 vao thiét b
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bay hoi nhén nhiét q, dén thong s6 trang thai 1 rdi vé dau hut may nén thap ap.
4.3.2 Tinh toan chu trinh:
Chu trinh dugc tinh todn cho 1kg méi chat di qua thiét bi bay hoi .
1) Xac dinh lrong 16ng hoa hoi sau van tiét luu TL1: .
Xéc dinh theo phuong trinh cin bang nhiét binh trung gian:
(1 + a).h7 =hg + a.hjo
h, —h,
th - h7

= o =

2) Cong may nén thép ap: nar=hy — hy.

3) Cong may nén ap cao: Iyac = (1 + o ).(hs — hs).

4) Congnén: 1= InaT + Inac.

5) Nhiét lugng toa ra ¢ thiét bi lam mat trung gian: qurg = hy — hs.

6) Nhiét lugng toa ra ¢ thiét bi ngung tu: qx = (1 + o ).(hs — hg).

7) Nhiét lugng nhan dugc & thiét bi bay hoi: q, = h; — ho.

8) H¢ sb lam lanh: € = q4/1.

9) Lugng mdi chit tudn hoan qua may nén thip ap: Gnar = Qu/qo.

10) Luong mdi chat tuan hoan qua may nén ap cao: Gnac = (1 + o )Gar.

11) Thé tich hut may nén thép ap: Vi = Guar.vi.

12) Thé tich hut may nén ap cao: Vi"*C = Gnac.vs.

4.3.3 Nhan xét:

1) Do gidm dugc nhié¢t do dau hat nén cao ap nén nhi¢t do cudi tAm nén cao ap Ts nho hon so
voi 4.2. Cong nén cao ap 6 4.3 Inac = (1 + o ).(hs — hs) nhd hon so véi 4.2 Inac = hs— hs.

2) Nhiét d6 thap nhat & dau hut may nén ap cao co thé dat dugc 1a Ty.

4.4 MAY LANH 2 CAP CO TRICH HOI TRUNG GIAN, LAM MAT TRUNG GIAN
HOAN TOAN, CO 2 TIET LUU.

4.4.1 So @6 nguyén ly, @b thi, chu trinh ly thuyét:

Chu trinh: Hoi méi chit sau thiét bi bay hoi véi cac thong sb trang | thai 1 (po, t;) duoc may
nén thip ap NTA (Hmh 4.5) nén doan nhiét dén trang thai 2 v6i ap suit Pig roi dua sang binh
trung gian, lam mat ding ap, lam mat hoan toan dén trang thai 3 nho mot phan long B bay hoi &
binh trung gian. Hoi bao hoa kho di vao méay nén cao ap NCA, nén t6i py theo qua trinh 34 rdi toi
thiét bi ngung ty, ngung tu dang ap, nha nhiét q, theo qua trinh 45. Long cao ap qua van tiét luu
TL1, tiét Iuu theo qua trinh 56 dén o 16i di vao binh trung gian. Tai binh trung gian phan hoi a
sinh ra sau van tiét luvu TL1 duoc dua vé ddu hut may nén cao ap, phan long p bay hoi dé lam
mat hoan toan 1 kg hoi qua nhiét trung éap, phan 16ng con lai (1 kg) duge dua dén van tiét luu
TL2 tiét luu theo qua trinh 78 dén dén ap suat p, r0i dua vao thiét bi bay hoi nhan nhiét q, theo
qué trinh 81 rdi trd vé may nén thap ap NTA.
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Hinh 4.5: May lanh 2 cdp c6 trich hoi trung gian, lam mat trung gian hodn todn, ¢é 2 tiét luu.

12: qud trinh nén doan nhiét, dang entropy & mdy nén thdp ap, 23: qua trinh lam mat hoan toan
trong binh trung gian; 34: qud trinh nén doan nhiét, ding entropy 0 mdy nén cao dp; 45: qud
trinh ngung tu dang dp & thiét bj ngung tu; 56: qua trinh tiét lwu & van tiét leu 1; 78: qud trinh

tiét lwu 6 van tiét lweu 2; 81: qud trinh bay hoi ¢ thiét bi bay hoi.

MNTA: may nén thap ap; MNCA: may nen cao ap; TBNT: ’thlet bi ngung tu; VIL1: van tiét luu
1; VTL2: van tiét luu 2; TBBH: thiét bi bay hoi.

4.4.2 Tinh toan chu trinh:
Chu trinh dugc tinh toan cho 1 kg qua thiét bi bay hoi.

- o luong hoi sau van tiét luu TL1.

- PB:Luong long bay hoi ¢ binh trung gian dé 1am mat hoan toan 1 kg hoi qua nhiét trung ap.

- Luong mdi chat di qua may nén cao apla 1+ a+ .
1) Xac dinh p theo phuong trinh can bang nhiét:
B.h; + 1.hy = (1 + B).h;.

B= h, —h,
h3 - h7
2) Xéc dinh o qua van tiét luu TL1:
hs = he

(1+ o +B).hg= (1 + B).hy+ ohy
S
h,—h, h,—h, h,—h,

3) Cong may nén thap ap: Iyar =h, —h;.
4) Cong may nén cao ap: Ivac = (1 + a +B)(hs — h3).
5) Cong nén: 1= Iyat + Inac.
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6) Nhiét luong téa ra ¢ thiét bi ngung tu: g = (1 + o +B)(hs — hs).

8) Nhiét lugng nhan dugc & thiét bi bay hoi: q, = h; — hs.

9) H¢ $6 lam lanh: € = qo/1.

10) Luong moi chat tuan hoan qua may nén thap ap: Guar = Qu/qo.

11) Luong mdi chét tuan hoan qua may nén cao ap: Guac = (1 + o +B)Gnar.
12) Thé tich hut cua may nén thép ap: VhNAT = GNAT.V].

13) Thé tich hut may nén cao ap: Vi = Guac.v3.

4.5 MAY LANH 2 CAP LAM MAT TRUNG GIAN HOAN TOAN, CO 2 CHE PQ BOC
HOL.

4.5.1 So @6 nguyén 1y, db thi, chu trinh ly thuyét:
Do yéu ciu bao quan hay gia cong lanh cac mat hang & nhiét do khac nhau ta lip dat hé
thong may lanh 2 cap c6 hai ché do boc hoi. Trong so d6 nguyén ly co lap thi€t bi bay hoi trung
gian BHTG lam vi€c v6i cac thong so pig, tig.
3 2
| | |
4 [T % TTH] 1
3
=

|
MNTA

TBBH2

8

Hinh 4.6: Mdy lanh 2 cdp lam mdt trung gian hoan toan, c6 2 ché dé béc hoi.
12: qud trinh nén doan nhiét, dang entropy ¢ mdy nén thdp ap; 23: qua trinh lam mat hoan toan
trong binh trung gzan 34: qua trinh nen doan nhiét, ding entropy 0 mdy nen cao dp; 45: qua
trinh ngung tu dang dp & thiét bi ngung tu; 56: qud trinh tiét luu ¢ van tiet luu 1; 78: qud trinh
tiét heu & van tzet lwew 2; 73: qud trinh bay hoi & thiét bi bay hoi sé 1; 81: qud trinh bay hoi &
thiét bi bay hoi s6 2.

Chu trinh: Hoi moi chit sau thiét bi bay hoi thap 4p TBBH2 véi thong sb trang thai 1 (p,,
t;) dugc may nén ap thap NTA (Hinh 4.6) nén doan nhiét theo qué trinh 12 dén pyg 101 di vao
binh trung gian, duoc lam mat hoan toan dén diém 3 nhd mot phan long P bay hoi & binh trung
gian. Hoi bao hoa kho di ra khoi binh trung gian vao may nén cao ap NCA, nén t61 px r01 t6i thiét
bi ngung ty, ngung tu dang 4 ap theo qua trinh 45, nha nhiét qx. Long cao ap qua van tiét Iuu TLI1,
tiét luu theo qua trinh 56 dén ap suat Pre r0i di vao binh trung gian. Tai binh trung gian phan hO’l

Thu vien DH SPKT TP. HCM -#tp://www.thuvienspkt.edu.vn



Truong DH SPKT TP. HCM Ky thudt lanh http://www.hcmute.edu.vn

a sinh ra sau van tiét luvu 1 duoc dua vé ddu hat may nén cao ap, phan 1ong B bay hoi lam mat

hoan toan 1kg hoi qua nhiét trung ap, phan long y dua sang thiét bi bay hoi TBBH1 phan long 1
kg con lai duoc dwa dén van tiét luu TL2 tiét luu theo qua trinh 78 dén ap sudt p, roi dua vao
thiét bi bay hoi nhan nhiét q, theo qua trinh 81 rdi trd vé may nén thap ap NTA.

4.5.2 Tinh toan chu trinh:
Cac dir kién cho trudc t, tf, to, Q , Qo.

Tir cac sd liéu trén ta xac dinh céc thong $6 trang thai cta cac diém nit cva chu trinh 1, 2, 3,
4,5,6,7,8.

Chu trinh dugc tinh todn cho 1 kg méi chat di qua may nén thip ap NTA:

o y:la luong 1ong moi chit binh trung gian di qua thiét bi bay hoi trung gian TBBHI khi ¢6 1
kg méi chat di qua may nén thap ap.

. a:luong hoi sau van tiét luu TLI.
. B:luong 16ng bay hoi ¢ binh trung gian dé lam mat hoan toan 1 kg hoi qua nhiét trung ép.
. Luong moi chat di qua may néncaoapla 1 +a+p+7.
1) Tinh gid tri cua y:
- Niang suét lanh riéng khdi lugng trung ap va thap ap:

q, =h;—h;;
q, =h, —hg.
- Luu lwong méi chét lanh di qua cac thiét bi bay hoi twong Gmg:
tg
G, = Q—lg
d,
Q,
Guar =—
-7 = G/ GnaT
2) Xéc dinh tri s6 p theo phwong trinh can bang nhiét: h, + B.hy= (1 + B).h3
h,-h,
3) Xéac dinh trisé o: (1 + B + o+ y).hg= (1 + B + y).hs + o hs
=a=1+B+7) by ~h,
37 e

4) Cong cap cho may nén thap ap: Iyar=h, — hy.

5) Cong cap cho may nén ap cao: Ivac = (1 + a.+ B + 7). (hg — h3)

6) Cong cép cho chu trinh: I = Iyar + INac

7) Nhiét luong nha ra & thiét bi ngung tu: q = (1 + o +p + )(hs — hs).
8) Nhiét lwgng nhan dugc & cac thiét bj bay hoi: q., =q, + Qe -

9) H¢ $6 1am lanh: ¢ = Yos »

10) Luong mdi chét tudn hoan qua may nén thap ap: Gnar = Qo/qo.

11) Luong mdi chét tudn hoan qua may nén cao ap: Guac = (1 + o +f + 7)Gnar
12) Thé tich hut cia may nén thap ap: Vi "*' = Guar.v1.

13) Thé tich hat may nén cao ap: VA€ = Guac.vs.
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4.5.3 Nhan xét: Ngoai so ) léy long tir binh trung gian cap cho thiét bi bay hoi TBBHI nhu
trén con c6 so do cap long truc ti€p tur thi€t bi ngung tu TBNT qua van ti€t luu VTL3 cho thiét bi
bay hoi TBBH1 nhu hinh 4.7

3 2
o [ |

4 mm & [T 1
5 l
-

MNTA -—

-0 -

Hinh 4.7: May lanh 2 cdp lam mdt trung gian hoan toan, ¢6 2 ché d béc hoi.

4.6 MAY LANH 2 CAP CO TRICH HOI TRUNG GIAN, LAM MAT TRUNG GIAN
HOAN TOAN, BINH TRUNG GIAN LOAI ONG TRAO DPOI NHIET (ONG XOAN LO
XO0)

4.6.1 Muc dich ding binh trung gian cé dng trao doi nhiét (6ng xoin 16 xo):

Dbi véi cac xi nghiép lanh c6 cong suét 16n thi co nhiéu thiét bi bay hoi phai dit twong d6i xa
hodc cao so v6i gian may. Do dé dich 1ong cap dén thiét bi bay hoi co ton that ap sudt twong dbi
16n. Néu ding ap suét prg dé cip long cho cac thiét bi bay hoi nay thi s& khong dam béo c6 du
lwrong méi chit can thiét, do do s& khong dat nang suat lanh can thiét. Dé khéc phuc ta ding bom
l6ng bom dich tir binh trung gian . dén cac thiét bi bay hoi & xa hoac dua dich long véi ap suét Px
tir thiét bi ngung ty t6i ong trao d6i nhiét (thong dung 1a 6 6ng xodn 16 x0) trong binh trung gian dé
qua lanh rdi dwa dén thiét bi bay hoi va chi tiét Iuu 1 1an ngay tai thiét bi bay hoi.

Ong xoan 10 xo nham 1am qua lanh mdi chat trudc van tiét luu, giam bét ton that khong thuan
nghich trong qu4 trinh tiét luu tir py dén p,.

4.6.2 So d6 nguyén ly, do thi, chu trinh ly thuyét:
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Hinh 4.8: May lanh 2 cdp c6 trich hoi trung gian, lam mdét trung gian hoan toan, binh trung gian
loai éng xoan.

12: qud trinh nén doan nhiét, dang entropy ¢ mdy nén thd'p ap, 23: qua trinh lam mat hoan toan

trong binh trung gzan 34: qud trinh nén doan nhiét, ding entropy ¢ mdy nén cao dp; 45: qud

trinh ngung tu dang dp & thiét bi ngung tu,; 56: qua trinh tiét luu ¢ van tiét hew 1; 78: qud trinh

tiét lwu & van tiét heu 2; 81: qud trinh bay hoi ¢ thiét bi bay.

- Dong chit 16ng chinh téi thiét bi bay hoi chi tiét luu 1 1an & van tiét luu TL2 theo qua trinh
7-8.
- Dong méi chét long chinh duoc 1am qua lanh theo qua trinh 5-7 nho luong 1ong trung ap &
bdc hoi ¢ binh trung gian theo qua trinh 9-3.
- Do chénh nhiét Atp, =t7 — to cg‘m goi 1a d6 hoan nhiét, danh gia mic do hoan thién nhié¢t dong
cua so do, Aty, cang bé cang tot. Thong thudng Aty, = 3+4°C.
4.6.3 Tinh toan chu trinh:
Chu trinh dugc tinh todn cho 1 kg mdi chat di qua may nén thap ap NTA:
£:1a luong 1ong moi chit lanh trong binh trung gian bay hoi dé 1am qua lanh 1 kg 16ng cao ap
tuong trng khi c6 1 kg moi chat di qua may nén thap ap.
a: lugng hoi sau van tiét luu TL1.
B: lwong long mdi chit lanh bay hoi ¢ binh trung gian dé lam mat hoan toan 1 kg hoi qua
nhiét trung ap.
Luong moi chat di qua may nén cao apla 1+ a+p+&.
1) Tinh gid tri cua &:
hs —h7; = &(h3 — hg) = & = (hs —h7)/( h; — hy)
2) Xac dinh tri s6 p theo phuong trinh cin bang nhiét:
hy + B.ho= (1 + ).hs
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h3_h9

3) Xac dinh tri sé ou: (B + o + &).hg = (B + &).ho +a.hs
h6 B h9
=a=(p+¢) m
4) Cong cép cho may nén thép ap: nar=ha — hy.
5) Cong cap cho may nén ap cao: Ixac = (1 + o+ B + &). (hy — h3)
6) Cong cép cho chu trinh: 1 = Iyat + Inac
7) Nhiét lwong nha ra & thiét bi ngung tu: qe = (1 + o+ B + £)(hs — hs).
8) Nhiét lugng nhan dugc & cac thiét bi bay hoi: q, = h; — hs.

9) Hé s6 lam lanh: & = % :

b

10) Luong moi chat tuan hoan qua may nén thap ap: Gyat = Qo/qo.
11) Luong mdi chat tuan hoan qua may nén cao ap: Gnac = (1 + o+ + &)Gxar.
12) Thé tich hut cia may nén thap ap: Vi "*T = Guart.vi.
13) Thé tich hut may nén cao ap: Vi *C = Guac.v3.
4.6.4 So sanh hai loai binh trung gian:
Binh trung gian khong c6 éng xoan 10 xo:
+ U diém:
- CAu trtic don gian, dé ché tao.
- D6 hoan nhiét béng khong: Aty, =0.
+ Nhuoc diém:
- Dau d& bj cudn tir binh trung gian vao thiét bi bay hoi .
- Khé cap méi chat cho cac thiét bi bay hoi ¢6 trd lyc 16n. Binh trung gian khong cé ong

xodn 10 xo ding khi cac thiét bj bay hoi gin phong may; néu khong phai diung kém bom
cap dich.

Binh trung gian c6 dng xodn 10 xo:
+ U'u diém:

- D& dang cap long cho thiét bi bay hoi.

- D& ty dong hoa va diéu khién.
+ Nhuoc diém:

- Céu tao phurc tap hon.

- Po hoan nhiét Aty, > 0 nén hiéu qua kém hon binh trung gian rong.
Trong thuc té loai binh trung gian 6ng xodn thong dung hon.

4.7 MAY LANH 2 CAP, LAM MAT TRUNG GIAN KHONG HOAN TOAN, BINH
TRUNG GIAN ONG XOAN.

4.7.1 So @6 nguyén 1y, b thi, chu trinh ly thuyét:
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Hinh 4.9: May lanh 2 cdp c6 trich hoi trung gian, lam madt trung gian hoan toan, binh trung gian
loai 6ng xoan.

12: qud trinh nén doan nhiét, dang entropy & mdy nén thd'p ap; 23: qua trinh lam mat hoan toan
trong binh trung gian; 34: qua trinh nén dogn nhiét, ding entropy 6 mdy nén cao dp; 45: qud
trinh ngung tu dang dp & thiét bi ngung tu; 56: qua trinh tiét luu ¢ van tiét e 1; 78: qud trinh
tiét lwu 6 van tiét heu 2; 81: qud trinh bay hoi ¢ thiét bi bay.

- Dong chét 1ong chinh t6i thiét bi bay hoi chi tiét Iwu 1 1an & van tiét luu TL2 theo qua trinh
7-8.

- Dong moi chét long chinh dugc 1am qua lanh theo qua trinh 5-7 nho luong 1ong trung ap &
boc hoi ¢ binh trung gian theo qua trinh 10-9.

- Do chénh nhiét Aty, = t7 — tjo con goi la do hoan nhi¢t, dinh gia mirc do hoan thién nhiét
dong ciia so dd, Aty, cang bé cang tét. Thong thudng Aty, = 3+4°C.

4.7.2 Tinh toan chu trinh:
Chu trinh dugc tinh toan cho 1 kg méi chat di qua may nén thap ap NTA:

£:1a luong 10ng moi chit lanh trong binh trung gian bay hoi dé 1am qua lanh 1 kg 16ng cao ap
twong tng khi c6 1 kg mdi chit di qua may nén thap ap.

a: lugng hoi sau van tiét luu TL1.
Luong mdi chat di qua may nén cao ap 1a 1 + o+ &.
1) Tinh gia tri cta &: hs —h; = (hg — hjo) = & = (hs —h7)/( hg — hyo)
—hy,
h —h,
3) Enthalpy trang thai 3 dugc xac dinh theo cong thire: 1.hy + (a0 + &).hg = (1 + o+ &).h3
4) Cong cép cho may nén thép ap: nar=hy — hy.

2) Xac dinh tri s6 o (o + &).hg = E.hjg +ohy = o = &

5) Cong cip cho may nén ap cao: Ivac = (1 + o + &). (hy — hs)

6) Cong cép cho chu trinh: 1 = Iyat + Ivac

7) Nhiét lwong nha ra ¢ thiét bi ngung tu: q = (1 + a + &)(hy — hs).
8) Nhi¢t luong nhan dugc & cac thiét bi bay hoi: g, = h; — hs.
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9) H¢ s6 1am lanh: ¢ = % ;
10) Luong moi chét tuan hoan qua may nén thap ap: Guar = Qu/qo.

11) Luong mdi chat tuan hoan qua may nén cao ap: Gnac = (1 + o + &)Gar.
12) Thé tich hut ctua may nén thép ap: VhNAT = GNAT.V].

13) Thé tich hut may nén cao ap: Vi = Guac.v3.

4.8 MAY LANH 3 CAP.

4.8.1 Muc dich ding may lanh 3 cép:
Khi can nhiét do bao quan hang lanh ¢ dai nhiét d6 ty=- 50 <+ -70° C ta dung may lanh 3 cép.
4.8.2 So' d6 nguyén ly, dd thi, chu trinh 1y thuyét:

[ 3 4 3 2 1

1 | 1 |

Eﬁ$ me me
: \ MNHA

g Z = [[1] 2

3 - Bl %

MNTA

| 2@
—
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2

1 +al+ﬁ1+ag-ﬂ1
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1*“?%

lgp LS ; A
| 8 R:'L J//q_
=L =
9 P2 y
/ - 3Vz
1
Y
[9 I h

Hinh 4.10: My lanh 3 cdp.

- May lanh 3 cap theo so dd hinh 4.10 ¢6 3 van tiét Iuu va 2 binh trung gian loai khong c6 dng
xodn 10 xo. H¢ thong c6 thé lap thém 2 thiét bi bay hot & pig1, tigl Va Pig, tie.

- Trong cac truong hop can thiét thi cic binh trung gian c6 thé 13 loai c6 dng xo0édn 10 xo.

- Néu chi c6 1 thiét bj bay hoi thip ap thi cac ap suit trung gian duogc ldy so bd nhu sau:

Pe _Pu _Per _ NS
Pgi P2 Po Po
4.8.3 Tinh toan chu trinh:
Chu trinh dugc tinh toan cho 1kg méi chét di qua thiét bi bay hoi thip ap.

1) Xac dinh B,: B2 1a lugng 1ong trong binh trung gian 2 bbc hoi dé lam mat hoan toan 1kg hoi
moi chat cia may nén thap ap:

Thu vien DH SPKT TP. HCM -#tp://www.thuvienspkt.edu.vn



Truong DH SPKT TP. HCM Ky thudt lanh http://www.hcmute.edu.vn

Bo(hs —hg)=hy —hy = B _h,-h,
2013 9 2 3 2 h3 . h9
2) Xac dinh oy o 14 lugng hoi méi chét sau tiét luu 2 dé co (1+p ) luong 1ong di vao binh

trung gian 2:
(1+az + B2).hg’ = (1+ B2).hg +o.h3
o, :(1+;32).z: :1111::
3) Xéc dinh By: B 1a lqug 16ng & binh trung gian 1 bji bc hoi dé 1am mat hoan toan (1+ax
+B2) luong hoi mdi chat cua may nén cao &p di vao binh trung gian 1.
B1(hs —hg) = (1+a; + B2)(hs — hs)

h,-h
=>B,=0+a,)~—
Br=von )=
4) Xac dinh a,: a1 14 leong hoi sau van tiét Iuu 1 dé c¢6 (1+o, + B1 +B2) luong 1ong di vao binh

trung gian 1.
(1+a;+p;+oy+B2).hy =1+ + o+ P2).hs+ ay.hs
=Q, =(1+Bl +a, +Bz)%
5) Cong may nén ha ap: lypw = hy — hy.
6) Cong may nén trung ap: lmne = (1 + o + B2)(hs — hj).
7) Cong may nén cao ap: Innea = (1 + o; + B1 + aa + B2)(he — hs).
8) Congnén: 1= lpne + o+ lmnca-
9) Nhiét luong nha ra ¢ thiét bi ngung tu: q = (1 + o + B1 + oy + B2)(he — hy).
10) Nhiét luong nhan duoc ¢ thiét bi bay hoi: qo = h; — ho-.
11) Hé s lam lanh: & = qo/1.
12) Khéi Ivong tudn hoan gio qua may nén ha ap: Gt = Qo/qo.
13) Khéi lwong tudn hoan gio qua may nén trung ap: Gmnw = (1 + 02 + B2). Gunha-
14) Khéi Ivong tudn hoan gio qua may nén cao ap: Gmnea = (1+ o1 + 1 + a2 + B2).Ginnta-
15) Thé tich tuan hoan gio cia may nén ha ap: Vi, moha = Gmnta-V1-
16) Thé tich tuan hoan gid ciia may nén trung ap: Vi, mua = Gumnia. V3.
17) Thé tich tuan hoan gi0 ciia may nén cao ap: Vi mnca = Gmnca-Vs.

4.9 MAY LANH 3 CAP SAN XUAT NUOC PA KHO CO,.

Ngoai h¢ théng lanh 3 cap lam viéc theo chu trinh kin con c6 hé thong may lanh 3 cép san
xuat CO; ran theo chu trinh ho. CO, dung d€ bao quan thyc pham ¢ nhiét do thap rat tot. O diéu
kién 4p suat khi quyén CO, rin bay hoi ¢ nhi¢t do — 79,8° C. O nhiét do moi trudng to, = 25°C,
CO; ngung tu & ap suat 56 bar.

So d6 nguyén 1y: Diém khéc biét voi so do trén 1a thiét bj bay hoi dugc thay thé bang binh thu
héi CO, ran, phan CO; thiéu hut do tao thanh da khd dugc bd sung bang cac chai CO, nap tir bén
ngoai vao dau hit may nén ha ap.

D6 thi: Qua trinh tiét luu 9 — 9’ & van tiét lvu 3 di qua dudng chuyén pha: Hoi + 1ong — khi +
ran. Lugng khi a; dugc xac dinh theo cong thirc:
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Hinh 4.11: Mdy lanh 3 cap chu trinh ho.

Piém 12 trén duong Po xdc dinh qua trinh nap ga b6 sung: Nap tu cac chai chira CO; long
hodc nap khi CO; dugc lay tir mét day chuyén cong nghé nao day.

Diém 1 duogc xac dinh: h; = az.hy; + (1 - a3 ).hp

Sau khi x4c dinh xong diém 1 thi moi tinh toan giéng nhu phan 3.

Trong thuc té a3~ 0,5.

4.10 MAY LANH GHEP TANG.

. Dé nhan duoc nhiét do thdp ngoai may lanh nhiéu cap nguoi ta con sir dung may lanh ghép
tang. Trong cudc chay dua hoa long cac don khi ciia khong khi may lanh ghep tang duge sir dung
Vo1 sO tang la 4.

May lanh ghép tang 1a hé thong may lanh c6 nhiéu ting. Mdi tang la mot h¢ théng may lanh
hoan chinh. Thiét bi bay hoi ctia ting trén 1a thiét bi ngung tu cta tang dudi tiép theo.
4.10.1 So d6 nguyén 1y, d6 thi, chu trinh 1y thuyét:

4 1y 22 1z
1 1

mm| s
l

Pu EWT] RE [ Emm = 177] P
qﬂ]ﬁ ﬂ:EUE% E[Eﬁ?

1kg

Hinh 4.12: Mdy lanh ghép tang.
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So d trén 1a so d6 may lanh 2 tang. Chu trinh tang trén 11, 2, 31, 4; va chu trinh tang dudi
1a 1, 25, 35, 4,. Thi€t bi bay hoi cua tang trén dong thoi 1a thiét bi ngung tu cua tang duoi.

4.10.2 Tinh toan chu trinh:

Ta cé tyy > to;. Tinh toan riéng cho ting ting, tinh toan cho ca hé (e).

tx1 xac dinh theo ty,.

to2 xac dinh theo tg

tia Va to; néu khong c6 phu tai lanh trung gian thi xac dinh dinh huéng theo cong thic sau:

ti1 - To1 = tio — 2.

Céc trinh tu tinh toan tuong ty cho may lanh 1 cip.

Diéu kién dé may lanh ghép tang lam viéc 6 dinh 1a: Q,; = Quz; nghia la cong suét lanh cua

tang trén bang nhiét lugng ngung tu cua tang dudi khi bo qua cac ton that nhiét.
4.10.3 Nhan xét:

D)
2)
3)
4)

5)

Do cac tﬁng van hanh dgc 1ap nén moi chét & cac téng c6 thé khac nhau.

Moi chat ting dudi co nhiét d6 déng dic nho hon nhiéu so v6i mdi chat tang trén.

O mdi tang c6 thé str dung may lanh nhiéu cap.

Nél} 2 hé thong lanh gém mot hé co nhiéu cdp va 1 hé c6 nhiéu ting (mdi tang 1a 1 may lanh
1 cap) thi méy lanh ghép tang dat d6 lanh sau hon.

Khi thong sé & mot tang nao do bi sai léch thi cac ting khéc déu bi anh huong. Vi ly do nay
ma may lanh ghép tang rat kho ty don 1g hoa. Vivay may lanh ghép tang chi ding rat han ché,
khi khong thé dung may lanh nhiéu cép.
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CHUONG 5
MAY LANH HAP THU & MAY LANH EJECTOR

5.1 CAC KHAI NIEM CHUNG:

May lanh hép thu thudc nhom cac may lanh stir dung nhi€t nang. M6i chét ciia may lanh hap
thu la dung dich cua 2 don chat. Cac don chat nay s61 ¢ nhiing nhiét d¢ khac nhau khi ¢ cung ap
suat. Pon chat c6 nhiét d§ soi thap hon 1a moéi chat 1am lanh, don chat con lai 1a chat hap thu.
Dung dich dugc sir dung thong dung nhat dé lam lanh 1a hon hop H,O + NH;, H,O + LiBr. Hon
hop H>O-NHj3; c6 m@i cl}ét lam lanh 1a NH3, chat hap thu 1a H,O. Hon hop LiBr-H;O c6 méi chat
lam lanh 1a H,O, chat hap thu 1a LiBr.

May lanh hép thu H,O-NH; dugc su dung dé 1am lanh & giai nhiét do 0 dén -70°C.

May lanh hép thu BrLi-H,O duoc st dung dé lam lanh nuéc dén +4°C.
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Hinh 5.1: D6 thi t-& qud trinh s6i ciia hon hop

Chung ta chi nghién ctru may lanh hap thy H,O-NH; mot cép.

Qua trinh s6i cia hon hop 6 ap suat khong d6i (Hinh 5.1) nhu sau: nhiét do soi cua hon hop
phu thudc vao thanh phan khoi lwong cua cic don chét. Nhiét d6 soi ctia hdn hop s tang lén néu
tang thanh phan khdi lugng cua don chét c6 nhiét do s6i cao. Nhiét do soi cia hdn hop phu thude
vao thanh phan khéi luong cac don chat duoc biéu dién trén d6 thi t - & v6i & 1a thanh phan khéi
lugng cua chét hép thu.Nhiét do ta bé‘mg nhiét d6 s6i ciia moi chat lam lanh & ap suit hdn hop,
nhiét do tg béng nhiét do soi cua chat hép thu ¢ ap suit hon hop.

Vi du NH3-H,0 ¢6 t4=-33,4°C ; tg= 100°C néu ap suit cua hdn hop 13 1 bar. Thanh phan cia
pha hoi khac thanh phan ctia pha 16ng vi moi chat lam lanh dé bay hoi nén méi chat 1am lanh bay
hoi trude, bay hoi d& dang hon. Do d6 thanh phan méi chit lam lanh & pha hoi cao hon thanh
phan moi chat 1am lanh & pha 1ong. Pudng lién nét biéu dién thanh phan ciia hdn hop ¢ pha long
bat dau s6i. Pudng dirt nét biéu dién pha hoi bao hoa kho twong img. Phan gitra 2 duong biéu thi
ving hoi bdo hoa am ctia hdn hop. Qua trinh ngung tu xay ra nguoc lai. Nhu vy trong qua trinh
s0i, thanh phan ciia mdi chat 1am lanh ting 1én ¢ pha hoi, thanh phan chat hap thy ting lén & pha
long. Néu pha hoi duge lam ngung tu lai va tiép tuc cho dun séi thi ta s& duoc pha hoi sau c¢6
thanh phan moi chat 1am lanh cao hon nira.

May lanh hip thu c6 2 loai: may lanh hap thy lam viéc lién tuc va may lanh hip thu lam viéc
theo chu ky. Chung ta chi nghién ctru may lanh hip thu lam viéc lién tuc.

Ngiy nay, nguoi ta dd dua vao sit dung may lanh hap thu c6 niang suét lanh dén 10MW.
May lanh hép thu c6 thé st dung cac ngué)n nhiét du thira bo di nhu khoi cua tuabin khi, cac cum
may phat Diesel, khoi thai cac 10 nung, 10 luyén gang thép, ... My lanh hép thu c6 thé sir dung
cac nhién liéu ré tién va co thé dung & cac noi khong cé dién. My lanh hip thu khong co céc bd
phan chuyén dong co khi nén khong c6 tiéng on, khong bi bao mon co khi nén tudi tho 16n.

Thu vien DH SPKT TP. HCM -Jfitp://www.thuvienspkt.edu.vn



Truong DH SPKT TP. HCM

Ky thudt lanh

http://www.hcmute.edu.vn

5.2 MAY LANH HAP THU NH;-H,0 MQT CAP:

5.2.1 So' @6 nguyén 1y,do thi, chu trinh Iy thuyét:

So dd nguyén ly:
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Hinh 5.2: So' d6 nguyén 1y may lanh hdp thy NH;-H>O mét cap.
I — B gia nhiét; II — Thap chung cat; III — Thiét bj héi luu; IV — Thiét bi ngung tu; V - Thiét bi
hoi nhiét; VI — Van tiét luu; VII - Thiétqbi bay hoi; VIII - Thiét bi hap thy; IX — Bom dung dich;
X — Van mot chi€u; XI - Thiét bi trao doi nhiét.

Do thi:

Hinh 5.3: D6 thi h-&
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Chu trinh ly thuyét:

£: ndng d6 khdi luong ctia modi chat 1am lanh trong hdn hop.

Khi dun s6i dung dich NH3-H,O & thiét bi gia nhiét I (Hinh 5.2) ta thu dugc hon hop hoi
NH3-H20. N@ng d0 moi chég lam lanh NH; ¢ hon hop hoi duqc‘téng 1én nho c6 thap chung cat 11
va thiét bi hoi luu III. Hé so ’nhiét cua chu trjnh nho thiét bi hoi nhi€t V 1am qué lanh moéi chat
lam lanh trudc khi dén van tiét luu VI vao thiét bi bay hoi VII.

Dung dich dc véi nong do cao & tir thict bi hap thy nho' bom IX day qua thict bj trao doi
nhiét XI va sau d6 dua vao thap chung cat II. O thiét bi gia nhiét I dung dich dugc cap nhiét Qn

va mat phan bién thanh hoi di 1én thap chung cat II. O thap chung cat II hoi di 1én, dong long hi
luu di Xuong, qué trinh chung cat xay ra O ting dém va cic ting dia ctia thap. Sau khi ra khoi

thap, moi chat lam lanh NH; c6 ndng do rat cao & di vao thiét bi hoi Iuu 111 O thiét bi h01 luu 1T

mot phan hoi dugc lam ngung tu va dua tro vé thap chung cat lam dong héi luu, phan 16n hoi

con lai di vao thiét bi ngung tu IV va dugc ngung tu hoan toan, nha ra nhiét luong Qy; long duoc

qué lanh & :[hiét bi hoi nhiét V va di qua van tiét lvu VI vao thjét bi b;ly hoi VIIL O thi@:t bi bE}y

hoi méi chat nhan nhiét luong Q, va bién thanh hoi di vao thiét bi hap thu VIII. O thiét bi hap

thy hoi moi chét duoc dung dich lodng nong do &, hap thu va nha ra nhiét luong Q.. Dung dich

lodng duoc ldy tir thiét bi gia nhiét I qua van tiét luu mot chidu X t&i thiét bi hap thy VIIL

5.2.2 Xdy dung do thi h-&:
Chu trinh may lanh hip thy dugc biéu thi trén d6 thi h-& (Hinh 5.3) cac théng sd cho trudce

gom co:

a. Nhiét 3o cua nguén nhiét ty: qua t, ta xac dinh nhiét d cao nhét & thiét bi gia nhiét cua thiét
bi gia nhiét t3

b. Nhiét d6 nudc lam mat ty: qua t ta xac dinh nhiét d6 nhung ty ty, ap suat ngung tu py o thiét
bi ngung tu va nhiét do thap nhat t; cua qua trinh hap thu ¢ thiét bi hap thu.

c. Nhiét d6 can lam lanh t¢ qua tyxac dinh nhi¢t dJ soi t, va p, O thiét bi bay hoi.

Xac dinh cac diém nat:

- DPiém 1 giao diém cta 2 duong t; = const, p, = const. Qua diém 1 ta xac dinh duoc néng do
Xp la nong do cua dung dich cho hé thong.

- DPiém 3: giao diém cua t; = const va px = const, qua diém 3 ta xé4c dinh duoc néng do dung
dich loang &,.

- Diém 2 va 4: xac dinh dua theo phuong trinh can bang nhiét va phuong trinh truyén nhiét caa

thiét bi trao d6i nhiét XI, khi thiét ké chon diém 1 gan vi tri dung dich bét dau so6i (khi sbi thi
diém 2 nam trén dudng py) Trén hinh v& biéu dién diém 2 gin dén diém soi. Qua trinh 22° 14

qua trinh bio hoa dung dich khi di vao thap chung cat II. Ta co &3= E4= &, &= Ex= &,

- Diém 5: giao ctia dudng t, & ving 2 pha voi dudng py pha hoi, qua 5 ta xac dinh ..

- Piém 6: tinh theo qua trinh chung cat (tinh cat ) cho thap chung cét II, qua 6 ta x4c dinh &,.

- Piém 7: giao ctia dudng &4 vSi pr=const thudc pha 1ong.

- Diém 8: dua theo phuong trinh can bang nhiét va phuong trinh truyén nhiét cua thiét bi hoi
nhi¢t V: &= Eq.

- Diém 9: thong sb trang thai hoi bio hoa 4m sau thiét bi boc hoi ldy theo giao diém cua duong
to= const vung 2 pha voi Eg=const.

- Diém 10: dua theo phuong trinh can bang nhiét va phuong trinh truyén nhiét cua thiét bj hdi
nhiét V: &= &q.

5.2.3 Tinh toan chu trinh:

1. Pé tinh phu tai phiét cac thiét bi cta hé théng ngu(‘yi ta cho biét nang suét laph Q.. Tinh toan
nhiét duoc tiér} hanh cho 1, kg moi ghét lam lanh Qi qua thiét bi bay hoj.
Ky hi¢u: D - khoi lwong méi chat di qua thiét bi ngung tu, thi€t bi bay hoi; kg/h; F - khoi
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luong ctia moi chat di vao thap chung cat. Vay F - D 1a khéi lugng méi chat di tir thiét bi gia
nhiét dén thiét bi hap thu. Hé s tuan hoan cta dung dich 1a a = F/D

2. Tu phuong trinh can bang vét chat cho moi chat & thiét bi hdi luu va thiét bi gia nhiét, ta co:
a= (& - &)/(&v - &)

(Thyc vay: moi chat vao: F . &,; moi chét ra: (F - D) . &, + D. &g; can bang 2 vé, suy ra diéu
can chung minh)

3. Thiét bi trao d6i nhiét c6 (a-1) kg dung dich loéng va a kg dung dich dac di qua. Theo
phuong trinh can bang nhiét ta co:
(a-1).(h3 —hs)=a.(h,—hy)
suy ra (a -1)/a= (hy — h;)/ (hs — hy).
Chon hy theo cong thire: t4 = t; + (8 +12)°C
Xac dinh h, theo cong thuc: hy = h; + (a-1).(h; — hs)/a

4. Phuy tai nhiét riéng ctia thiét bi gia nhiét I va thiét bi hoi luu III: qu, qu
qn=he + (a — 1).h; — a. hy + q; trong d6 ;. nhiét lwong lay di ¢ thiét bi hdi leu 1L

5. Phuy tai nhiét riéng cta thiét bi ngung tu: q = hg — hy

6. Phu tdi nhiét riéng cta thiét bi bay hoi: g, = hg — hg

7. Phu tai nhiét riéng cua thiét bi hdp thu: q. = -a.h; + hyo + (a-1).hg =hio— hs + a.(hs —h)) = hyo
“hy

8. Phu tai nhiét riéng cua thiét bi hoi nhiét: qp, = hy —hg =hjo—ho

9. Nhiét luong cip vao: qn+ qo

10. Nhiét lvong nhd ra: g, + qx + qui

11. Hé s6 nhiét z= q,/qn

12. Nhiét luong duoc biéu dién trén do thi h - £ (Ty chimg minh 0 € &; = const)

13. Khéi lugng moi chét di qua thiét bi bay hoi bang D = Q./q., kg/h

14. Phy tai nhiét ciia cic thiét bi gia nhiét: Q, = qh D

15. Phuy tai nhiét cta cac thiét bi hip thu: Q, = qa..D

16. Phu tai nhiét cua cac thiét bi ngung tu: Qx = qi.D

17. Phu tai nhiét ctia cac thiét bi trao d6i nhiét: Qu, = q.D

18. Phu tai nhiét ctia cac thiét bi hoi nhiét: Qu, = qn.D

5.2.4 Qua trinh & céc thiét bi chung cét va hdi lru:

Qua trinh phan chia moi chét va chit hip thy dugc thuc hién nho thap chung cét va thiét bi
hoi Iuu (v& 1 thap co dia chung cét, dia phan phdi long va tang dém). Qua trinh chung cat la qua
trinh phan chia hon hop bang cach tac dung tryc tiép glua hoiva long nhd cac ting dia chung cat
va ting dém. Pau tién qua trinh chung cét thyc hién ¢ ting dém ddi v6i dung dich lodng &, luc
nay hoi dugc 1am lanh tir nhiét do trung binh t, & thiét bi gia nhiét t&i nhiét do t, ing voi nong
do &

i Tiép theo qua trinh chung cat thuc hién ¢ tang dia chung cat nho dong hdi luu 1y tir thiét bi
hoi luu vé thap.

Tai thiét bi hdi Iuu néng‘dé hoi tang 1én nho lam laph ngung tu 1 phan hoi, phan ngung tu
goi la dong hoi luu va chay vé thap chung cat. Do d6 thi€t bi hoi luu phai duge dat cao hon dinh
thap chung cat. Bé lam ngung tu 1 phan hoi ¢6 3 cach:

- Dung nudc lam mat

- Dung dung dich lanh tir hdp thy téi hoi uu rdi dua vé trao ddi nhiét.

- Trich 1 phan dung dich lanh tir hip thy téi hdi luu rdi dwa vé gia nhiét (1kg).
Xét qua trinh tao dong hdi luu nhd nude 1am mat:
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Nong do cia ludng hoi di ra khoi thiét bi hdi luu 1a &4, theo phuong trinh can bang khéi
luong, ta co:

——

6(1)

s [

[ 6(R)
2RUTE 5014R)

Hinh 5.4: Hé s6 hoi luu.

(1+R). & =R.E+ 1.6
=>R = (&a—E)/( & — Eb)
Chu trinh thyc té lay R = (1,3 + 1,5)Rg
Nhiét luong tod ra & thiét bi hoi lwu duoc tinh theo cong thirc sau:
gn = (1 + R).hs—hg- R.hy»= (1 + R).hs—hg- R.h,
qn duoc tinh theo dd thi nhu hinh 5.3.
(Chtng minh: qu =( hs — he) + R.(hs — hy), ta phai chung minh: R.(hs — hy) = h;; — hj».
€a — &, ﬁ_m_hn_hlz

Taco: R= =" =" = .
éc —ib 5.2 12.14 h12 _h14

. h,,—h
Vay R'(hs _hz):ﬁ'(hlz _h14):h1| _hIZ'
12 14

Cubi cung ta cO: qn = hy; —he).

5.2.5 Cac chirng minh:

Hinh 5.5: Hé s6 tuan hodn.

Tacoa=(Ea—C)(&—C)=a—1=(&a—&)/(&—Ca)
(a—1/a=(&a—&)/(&a— &) =(h1 —hs)/(h,—h3)=0-4/0-3=0-1/0-2=>0 € &
qa=hg —hz +a.(hs —hs) =hg —hy; + (&g — &a).(hs —ha)/( & — &)
=hg: —hyy + (hi1 —ho).(hi1 —hi2)/(hi1 —hiz) = hg —hg
gh chung minh tuong tu a.(h, —h;) =hg —hy
qr da ching minh trén.

5.3 CHU TRINH MAY LANH HAP THU KHUYECH TAN.

5.3.1 So' d6 nguyén ly:
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I - Thié€t bi sinh hdi
y—-- XI II - Thi&t bi tdch 16ng
III - Thi€t bi ngung m
IV - Thiét bj bay ho
V - Thiét bi hip thy
/ VI - Thiét bi trao d&i nhiét dung dich

I, Ce XF &5 F TF

j “\/ VII - Thi&t bi héi nhiét 1am lanh 16ng
el N NH3 va khi H2

TS \v VIII- Xy phdng nhigt
s " IX - Thiét bi gia nhiét dién rd

"+ 1 X_Binh chia chit hip thu
X1 - Binh chita H2
» Dung dich dic
Dung dich loang

«  Hoi amonidc

. Léng améniic
e Hyd.l'U

x—x Hon hgp hydro v aménidc

Hinh 5.6: May lanh hdp thu khuyéch tan.

5.3.2 Chu trinh 1y thuyét:

Dic diém ctia may lanh hip thu loai nho 1a khong c6 bom dung dich trong hé thong
(Hinh 5.6). Trong hé thong c¢6 dung dich H,O-NH; va khi tro thuong 1a H,. Hidrd nam trong
thiét bi bay hoi va thiét bi hap thy, do d6 cin bang ap suét trong toan bo hé thong. Phan tich vé
mat ap luc: O thiét bi gia nhiét va thiét bi ngung tu ap luc dugc tao thanh do hoi NH; va phu
thudc vao nhiét do moi truong giai nhiét. O thiét bi bay hoi va thiét bi hap thu ap luc duoc tao
thanh do NH; va H,, do d6 phan ap suit cia NH; & thiét bi bay hoi va thiét bi hap thu nho hon &
thiét bi gia nhiét va thiét bi ngung tu.

Viée str dung khi tro cho phép can bang ap luc tai moi diém cua hé thong, do d6 khong
str dung bom va cac loai van. O thiét bi bay hoi NH; khong phai s6i ma 1a bay hoi, NH; khuéch
tan vao Ha. Do d6 con duoc goi 1a may lanh hap thu khuéch tan

Dung dich dic duoc gia nhiét & xyphdng nhiét VIII va tai thiét bi sinh hoi I bang dién,
gas, dén dau. Hoi bay 1én di vao thiét bi tach long IT dugc giai nhiét bang khong khi va mot phan
long duoc dua tro lai thiét bi sinh hoi I, 1am ting nong dd NH; cua pha hoi ra khoi thiét bi tach
1ong 11, ludng hoi di vao thiét bi ngung tu III duge coi nhu hoi NH; sach. NH; ngung tu thanh
long & thiét bi ngung tu va ty chay dén thiét bi bay hoi IV. Do ap suét tong ciia ca hé thng la
nhu nhau nén thiét bi ngung tu dugc dat cao hon thiét bi bay hoi dé 1ong NH; tu chay. Tai thiét
bi bay hoi long NHj; bay hoi do nhan nhi¢t Q, va hoi khuéch tan vao khi H,, tao thanh hdn hop
NH; — H,. Hon hop khi di qua thiét bi hdi nhiét VII t6i thiét bi hap thu V nim ¢ phia dudi. O
thiét bi hap thy, hdn hop khi NH;-H, tiép xuc v6i dung dich NH;-H,O lodng tir thiét bi gia nhiét
I t6i, dung dich lodng khong chiém toan b tiét dién 6ng. Dung dich loang hip thu hoi NH; va
nha ra nhiét luong Q, roi nha ra moi trudng xung quanh. H, duoc giai phong khoi hdn hop khi
tai thiét bi hap thu s& bay 1én, di qua thiét bi trao ddi nhiét VII quay trd lai thiét bi bay hoi. H,
tuan hoan dugc 1a nhd su chénh 1éch khdi lwong riéng ctiia hdn hop khi dic lanh di xuéng qua
thiét bi bay hoi véi hdn hop khi lodng néng di 1én qua thiét bi hoi nhiét VII.

Tai thiét bi hoi nhiét H, truéc khi quay trd lai thiét bi bay hoi duoc lam lanh bang hén
hop khi ra khoi thiét bi bay hoi va do d6 1am ting thém hiéu qua cua hé théng. Dung dich NH;-
H,0 dic thu dugc & thiét bi hap thu V di qua thiét bi trao ddi nhiét dung dich VI t6i thiét bi gia
nhiét I va VIII va chu trinh tiép tuc...

Dé dung dich lodng tir thiét bi gia nhiét chay lién tuc déu dan tdi thiét bi hip thu thi nude
1ong & thiét bi gia nhiét I & VIII phai cao hon cao d6 cua thiét bi hap thu H. Dung dich dic di
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vao phia trén cua thiét bi gia nhiét phai thing duoc trd lyc cot ap tinh H tao ra. Diéu nay duoc
thue hién nho xi phong nhiét VIII. Dung dich ddc trong ong xi phong soi tao ra khéi luong rleng

khac gitra dung dich dac ¢ thiét bi hap thu véi hon hop ¢ 6ng xi phong va tao thanh lyc day hdn
hop vao thiét bi gia nhiét.

Méy lanh hap thu khuéch tan c6 3 vong tudn hoan: vong tuan hoan méi chat, dung dich,
H,. NH; tuan hoan qua moi thiét bi ctia hé thong. Dung dich tuan hoan qua thiét bi gia nhiét va
thiét bi hip thy. Hy tudn hoan qua thiét bi bay hoi va thiét bj hap thy. Binh chira XI chira H, ding
can bang ap suat cta hé thong khi nhiét do khong khi & moi truong xung quanh thay d6i. Khi
nhiét d6 khong khi ting thi NH; day H, ra khoi binh chira XI va do d6 lam ting ap suét toan hé
théng.

Hinh 5.7 trinh bay mot so d6 khac cua may lanh hap thy khuyéch tan. Trong so do nay
bom nhiét duge thé hién rd nét hon.

5 g 7

; %
g I
y(CHe ) r—— /-~ 71
l A

Hinh 5.7: Méy lanh hdp thu khuyéch tan.
1. Nguon nhiét; 2. Ong xi phong nhiét; 3. Thiét b gia nhiét; 4. Thiét bi phan chia; 5. Thiét bi
ngung tu; 6. Binh chira Hidr6; 7. Thiét bi bay hoi; 8. Ngén lanh; 9. Thiét bi trao dd6i nhiét hoi-
khi; 10. Thiét bi hap thy; 11. Binh chira phan ly; 12. Thiét bi trao doi nhiét dang long-1éng

Chu trinh Iy thuyét: Dung dich dic dugc gia nhiét & thiét bi gia nhiét 3 bang dén dau. Hoi bay
1én di vao bo phan chia 4 dugc giai nhiét bing khong khi va 1 phan long duge dua tro lai lam
tang néng d6 NH; cua pha hoi ra khoi thiét bi phan chia 4, ludng hoi di vao thiét bi ngung tu
dugc coi nhu hoi NH; sach. NH; ngung tu thanh long & thiét bi ‘ngung tu va tu chay dén thiét bi
bay hoi. Do ap sut tong cua ca hé thong 1a nhu nhau nén thiét bi ngung tu dugc dit cao hon
thiét bi bay hoi dé long NH; tu chay. Tai thiét bi bay hoi long NH; bay hoi do nhéan nhiét Q, va
hoi khuéch tan vao khi Ha, tao thanh hdn hop NH; — H,. Hn hop khi di qua TB TDN 9 t6i thiét
bi hip thu 10 ndm & phia dudi. O thiét bi hap thy, hdn hop khi NHs-H, tiép xtic voi dung dich
NH;-H,O lodng tir thiét bi gia nhiét t6i, dung dich lodng khong chiém toan bo tiét dién ong.
Dung dich lodng hap thu hoi NH; va nha ra nhiét lugng Q, rdi nha ra méi trudng xung quanh. H,
dugc giai phong khoi hdn hop khi tai thiét bi hip thu s& bay 1én, di qua thiét bi trao ddi nhiét
quay tr¢ lai thiét bi bay hoi. H, tuan hoan dugc 13 nho sy chénh léch khoi luong riéng cua hon
hop khi dic lanh di xuéng qua TBBH véi hdn hop khi lodng néng di 1én qua thiét bi trao doi
nhiét.

Tai thiét bi trao ddi nhiét 9 H, trudc khi quay trd lai thiét bi bay hoi dugc lam lanh bang
hdn hop khi ra khoi thiét bi bay hoi va do d6 lam ting thém hiéu qua cua hé thdng. Dung dich
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NH;-H,O dic thu duge ¢ thiét bi hap thu di qua thiét bi trao doi nhiét 12 t6i thiét bi gia nhiét va
chu trinh tiép tuc...

Pé dung dich lodng tir thiét bi gia nhiét chay lién tuc déu din t6i thiét bi hp thu thi nudc
long & thiét bi gia nhiét phai cao hon cao do cua thiét bi hip thu H. Dung dich dac di vao phia
trén cua thiét bi gia nhiét phai thang dugc trd luc cot ap tinh H tao ra. Bleu nay dugc thuc hién
nho 0 ong xi phong nhiét 2. Ong xi phong nhiét c6 duong kinh 4,5 mm va quéan 2,3 vong that chit
vao bé mit gia nhiét cua thiét bi gia nhiét. Dung dich dac trong ong xi phong sbi tao ra khdi
lugng ri€ng khac gitta dung dich dac ¢ thiét bi hap thy véi hon hop ¢ 6ng xi phong va tao thanh
luc day hdn hop vao thiét bi gia nhiét.

May lanh hap thu khuéch tan c6 3 vong tudn hoan: vong tuin hoan méi chat, dung dich,
H,. NH; tuan hoan qua moi thiét bi ctia hé thong. Dung dich tuan hoan qua thiét bi gia nhiét va
thiét bj hip thy. H tudn hoan qua thiét bi bay hoi va thiét bj hap thy. Binh chira 6 chira H, dung
can bang ap suat cta hé thong khi nhiét d6 khong khi & moi truong xung quanh thay d6i. Khi
nhiét do khong khi ting thi NH; ddy H, ra khoi binh chtra 6 va do d6 1am tang 4p suat toan hé
théng.

5.3.3 Uu diém & nhugc dié¢m:
Uu diém:
- Khéng co cac bd phan chuyén dong co khi nén khong gay dn, tudi tho cao.
- Ché tao don gian.
- €6 thé dung dén dau Iira gia nhiét nén ré tién.
Nhuoc diém:
- Néu dung dién gia nhiét thi ning luong tén hon may nén piston nhiéu lan.
- Dung dén dau thi ban, c6 nguy co hoa hoan.
- Khoi dong cham, diéu chinh nang suét lanh thu cong: van to hodc nho dé gia nhiét.

5.4 MAY LANH EJECTOR:

5.4.1 Cac khai ni¢m chung:

May lanh ejector thudc loai may lanh sir dung nhi¢t nang. CAu tao may lanh cé thé phan
tich thanh 2 chu trinh: chu trinh thudn sinh cong, chu trinh ngugc ti€u thy cong ma chu trinh
thuan sinh ra. Cac hé sé sir dung ning lugng ctia may lanh ejector thip hon so véi may lanh
piston do cac ton that khong thudn nghich rat 16n & thiét bi ejector. Ngoai trir bom nudc con tat
cd cac bd phan khéc cua h¢ théng déu khong c6 bo phan chuyén dong co hoc, cAu tric don gian
dé van hanh, von dau tu ban dau it, thoi gian 1am viée cac thiét bi 16n, khdi lugng bé, kich thudc
pht bi nho, c6 thé dé ngoai troi khong can bao che, ¢ thé sir dung cac ngudn nhiét luong co thé
nang nho nén thuc té ky thuat may lanh ejector van duoc sir dung.

Céc méi chit lam lanh & may lanh ejector co thé dung H,O, NHj3, Freon, song thuc té chi
st dung may lanh ejector hoi nudec.

Chung ta chi nghién ctru may lanh ejector hoi nudc 1 cip loai ngung tu bé mit; khong
nghién ctru loai pha dong.
5.4.2 So do:
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Hinh 5.8: May lanh ejector hoi nuoc.
LH— o hoi; El, E2, E3 —e¢jector 1, 2, 3; BNI,BN2, BN3 — binh ngung 1, 2, 3; VTLI, 2, 3 - van
tiét luu 1, 2, 3; BI, B2 —bom 1, 2; PTL — phu tai lanh; TBBH — thiét bi bay hoi; SV —van chan
(Stop Valve).

5.4.3 Chu trinh:
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Hinh 5.9: Thiét bi ejector.
A. Ong ting téc Lavan; B. Budng thu hoi; C. Budng hén hop; D. Ong ting ap.
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Hinh 5.10: Thay doi véin téc cia cdc dong méi chat doc theo ejector.
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Hoi nudce tir 16 hoi LH di vao thiét bi ejecto E1 (hinh 5. .8) thuc hién qua trinh dén no, nang
lwong cua dong bién thanh dong nang, ludng hoi di ra khoi 6 ong tang toc Lavan A c6 van toc 10m,
hat ludng hoi moi chét vao buong hon hop B, hén hop di vao dng hdn hop C rdi toi dng ting ap
D va dong ning bién thanh the nang. Tiép theo hdn hop di vao binh ngung BN1 ( py, > pi > Po)
Hoi ngung tu dugc dua tro Ve 10 hoi LH va thong qua van phao diéu chinh mutrc 1ong & thiét bi
bay hoi ban gbom B1. bé cap lanh cho cac phu tai lanh dugc thuén tién ta sir dung bom B2 bom
nude lanh di (nham tranh hién twong s6i & cac dan cua phu tai lanh), do d6 phai dung van tiét luu
VTL1. Nhiét d6 nudc & thiét bi bay hoit, > 0°C, thong thuong t =4 + 5°C. Do d6 ap suét o thiét
bi bay hoi p, < 1 bar, nho hon ap suit khi quyén. Dé tranh khi khong ngung tich tu & binh ngung
BN1 nguoi ta sir dung 2 ejector phu E2, E3 twong ting v&i 2 binh ngung 1a BN2, BN3. Ap suat
lam viéc & céac binh ngung nhu sau: ppni < pen2 < pens; Pen: > p =B (B - ap suét khi quyén).
Nudc ngung tu & BN2, BN3 dugc dua vé BN nho cac van tiét luu VTL2, VTL3.

Hinh 5.9 va hinh 5.10 thé hién cic bd phan cau thanh ejector va bién d6i van tc doc theo
ejector.

5.4.4 Db thi:

Hinh 5.11: Dé thi T-s mdy lanh ejector.

1 - Hoi bédo hoa sau 10 hot; 2 - Thong sO trang thai sau voi phun Lavan; 3 - Hoi béao hoa ¢ thiét bi
bay hoi; 4 - Thong sb trang thai khong khi ¢ budng hdn hop; 5 - Thong s6 trang thai sau EI,
trude BN1; 6 - Thong s6 trang thai 1ong ¢ BN1; 7 - Thong s6 trang thai sau van phao tiét uu O
thiét bi bay hoi; 8 - Thong s6 trang thai trong LH 9 - Thong so trang thai long & BH; 10&11 -
Thong s trang thai dé phén tich.

1-11 - Qua trinh gian n¢ doan nhi¢t trong ong Lavan; 24 & 34: Cac qué trinh hdn hop 2 dong
hoi; 45: Qua trinh tang ap & Ong tang ap.
Chu trinh may lanh ejector dugc phan tich 1am 2 chu trinh nhu sau:
Chu trinh thuan: 1-11-6-8-1
Chu trinh nghich: 3-10-6-7-3.
5.4.5 Tinh toan chu trinh:

_ Tinh toan may lanh ejector thong thuong dua vao cac dd thi va cac bang cho san theo cac
két qua thyc nghiém, phu thude rat 16n vao cau tao, dac tinh lam viéc cua thiét bi ejector. Ching
ta chi dua ra cong thirc sau:

Ngudn nhiét cip vao:
- O 10 hoi LH: Qy
- O thiét bi bay hoi TBBH: Q,
Ngudn nhiét nha ra ¢ binh ngung BN: Qy
Hé s nhiét cua hé théng: = Qo/Qn= (14 + 18)%
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CHUONG 6:
MAY LANH NHIET PQ THAP
(MAY LANH CRYO)

6.1 KHAI NIEM MAY LANH CRYO

Lanh cryo 13 1am lanh dén nhiét 6 T, < -120°K. Trong thuc té k¥ thuét lanh cryo 1a hoa

long khong khi va cac don khi cia khong khi nhu 6xy O,, nito Ny, hidrd H,, dioxit cdcbon CO,,
acgdng Ar,, xénong Xe,, kriptong Kr,.

Nim 1877 CO,, O,, N, da dugc hoa 1ong bang may lanh piston 4 tang,

Nam 1898 H, di duoc hoa 16ng nhd 1am qua lanh trude van tiét luu bang N 1ong bay hoi.
Niam 1908 thu dugc He, 1ong nhd 1am qué lanh trude van tiét luu bang H, 16ng bay hoi.
Nhiét d6 soi ctia cac chat khi ¢ ap sudt khi quyén lay theo bang sau:

Chét khi T,, °K Chét khi T,, °K

Oxy O, 90,2 Néon Ne, 27,5
Khong khi 80 Hidrd H, 20,4

Nito N, 77,4 Heli He, 4,2

Ung dung lanh cryo trong thuc té rat 16n:

1.

Luyen kim: khong khi day vao cac 10 luyén gang, luyén thép,dugc lam giau oxy tdi 35 + 40,
lam giam khoi luong than, ting ning suat va chat luong gang thép.

Cong nghé hoa hoc: st dung nito sach (nito ki thuét) dé san xuat amoniac, lam phan dam,
axit nitric; 6xy dung lam chat xuc tac trong mot s6 phan ung.
Co khi: str dung 6xy trong viéc han, cat kim loai; écg()ng cho han cao ép.

. Dién: khi tro dung dé nap vao cac bong dén thap sang. He, 1ong ding trong k¥ thuat siéu

dan.
K¥ thuat tén Itra, tau vii try: st dung 6xy va hidr6 dang long.

.Y té: dung nito 16ng bay hoi dé bao quan cac phdi, mau khé, cac duoc liéu qui hiém.

Thoi gian ddu phat trién k¥ that lanh cryo ngudi ta sir dung may nén lanh piston nhiéu cap va

nhiéu tang rat phic tap, cha yéu thuc hién & cac phong thi nghiém. Nam 1939 ché tao thanh cong
turbine dan n¢ vadi hi¢u suat cao, dat 82%. Cac may lanh cryo ngay nay s dung may nen la
piston hogc turbine (cong suit 16n), may dan né piston hodc turbine két hop véi van tiét luu, sir
dung cac thiét bi hdi nhiét hoan thién, qué trinh phan chia don khi dugc thuc hién ¢ cac thap
chung cat.

6.2 CAC CHU TRINH LANH CRYO PON GIAN
6.2.1. Chu trinh Picter (Chu trinh may lanh cryo ghép ting)
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Hinh 6.1: May lanh Picter.

Tﬁng 1: ding nudc lam ngung tu moi chét. Thié‘g bi bay hoi ciia ting trén 14 thiét bi ngung tu
cua tang dudi. Moéi chat tang dudi cung la chat khi can hoa 16ng (nito).

Déi voi khi N; ta ding 4 tang v6i cac moi chit nhu sau:

Tang 1: Amdniic NH;

Tﬁng 2: Etylen C,oHy

Tang 3: Oxy O,

Tang 4: Khong khi, Nito N,

. B6 sung luong moi Chéjlt & tang cudi lay di bang cach dua vao dau hat cia may nén ting C}léi.
Bang phuong phap ghép tang nguoi ta da thu duge CO,, O2, Nz long. Do d6 phuc tap ghép tang,
su kho khén tu dong hoa, hi€u suat thap nén phuong phap nay ngay nay khong dugc str dung.
6.2.2 Chu trinh Linde: So dd, d0 thi, nguyén Iy lam viéc.

Hinh 6.2: Chu trinh Linde

Pon gian hon phuong phap Picter, day 1a chu trinh hoi nhiét.

May nén nén mdi chét tuan hoan trong h¢ thong. Pau tién khi & thiét bi hoi nhiét chua co
l(")n’g, luong moi Chﬁt b6‘ sung béng’O, do d6 nhiét d0 moi chat trudc van tif:t lq'u ha dan tir ty
xuong t, va ¢ thi€t bi hoi nhiét xuat hién luong long. Thong thudng ap suat dau hit may nén
bang 4p suat khi quyén.

Béng phuong phép Linde ngudi ta da thu duoc N, va He, 1ong.

6.2.3 Chu trinh Clode: So d6 nguyén 1y, d6 thi
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Hinh 6.3: Chu trinh Clode.

La phuong phap st dung thiét bi hdi nhiét két hop véi may dan nd; 1a chu trinh nguyén ly
cua chu trinh may lanh cryo ngay nay.

Do hi¢u tmg lam lanh o, < o5 nén chu trinh Clode ha nhiét do xuépg nhanh hon chu trinh
Linde. Luong long lay di chu yéu bang Vanltiét luu. May dén n6 dung dé pht nhiét luong truyén
vao h¢ thong phan ha ap khi lam viéc ¢ ché d9 tinh toan (6n dinh ). Khi khoi dong lan dau van
tiét luu dong hoan toan, toan bo moi chit di qua may dan no cho dén khi xuét hién long, luc nay
nhiét do cac thiét bi ha ap da ha xudng gia tri can thiét.

Hé théng lanh ning suat nho va vira str dung may nén va may din nd piston, hé thong vira va
16m st dung may nén va may din né turbin (V> 10* m’® kk/h).

6.3 CAC GIAI POAN NHIET PONG CO BAN CUA LANH CRYO.
6.3.1 So' d6 nguyén ly:

& : ; - | . “}E .
R % x %o % %
Hinh 6.4: Cac giai dogn nhiét dong co ban lanh nhiét do thdp.
I: May nen; II: May nen cao ap; III: Tiét luu; IV: Ejector; V: May dan n¢ lam lanh chinh; VI:
Thiét bi hoi nhiét; YII: Thiét bi bay hoi moi chat lanh bén ngoai; VIII: May dan n¢ mac ndi tiép;
IX: May dan né mac song song.
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12 - Qua trinh nén va lam mat & thiét bi lam mat; 23 - Lam lanh ¢ thiét bj hoi nhiét; 34 - Tiét luu;
34’ - Dan n¢; 45 & 4’5 — Bay hoi nhan nhiét luong qo. 61 - Ho1 nhiét.

Céc qua trinh nhiét dong co ban cua lanh cryo gdm cé:
1) Chuén bi méi chét lanh.

2) Lam lanh so bd.

3) Lam lanh chinh.

4) Str dung luong lanh.

Giai doan 4 c6 thé & ngay trong hé :[héng lanh (khi cac don ghét duoc lay di ¢ dang khi ¢
nhi¢t do moi truong) hodc & ngoai hé thong (khi cac don chat lay di ¢ dang long bang binh
Dewa).

6.3.2 Phan tich cac giai doan:

Giaj doan 1: méi qhét dugc nén tur p, to1 px va lam mat dént, gén bﬁng tme. Qud trinh nén co thé
1 cap hoac nhi€u cap c6 lam mat trung gian.

Giai doan 2: lam lanh so b méi chat dwgc 1am lanh dén t3 nho cac thiét bi hdi nhiét va céac thiét
bi trao d61 nhiét:

So dé6 a: Nho thiét bj hdi nhiét khong ding moi chét lanh bén ngoai.

So dé b: Str dung hdi nhiét két hop ngudn lanh bén ngoai: moi chat phia trén 1a fréon véi nhiét
do soit = - 90°C = —SO?C, moi chét lanh phia dudi 1a N, hodc H, 16ng. Day la so dd cac bénh
vién (khong c6 thi€t bi hoi nhiét).

So d6 ¢: Lam lanh bén trong nhd cac may din né méic song song.

So d6 d: Lam lanh bén trong nho cac may dan nd mac nbi tiép.

Giai doan 3: Lam lanh chinh. Pua nhiét o moi chat dén nhiét do can thiét. Co 3 phuong an doc
lap:

So dé e: Dung van tiét luu — 1a so d6 don gian nhAt.

So dé f- Dung van tiét luu két hop ejector — ¢6 hiéu qua hon.

So do g: Dung may din nd - ¢6 hiéu suat cao nhit, song 1a so dd phuc tap nhat.

Thuc té lanh cryo & giai doan 3 su dung van tiét luu két hop v&i may dan nd.

6.4 SO PO HOA LONG KHONG KHi LOAI TRUNG AP, CAO AP THU N3, O,.
6.4.1 So do:

id khi

oxy khi 4
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Hinh 6.5: So' do héa long khéng khi trung dp, cao dp.
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I - May nén; 11 - Thiét bi loc 4m loc CO, trong khong khi; I1T - Thiét bi hdi nhiét; IV - May dan
no; V - Thap chung cat thir nhat; VI - Thap chung cat thir hai; VII - Thiét bi ngung tu — bay hoi;
VIII - Van ti€t luu khong khi; IX - Van tiét luu nito; X - Van tiét luu long; XI — Bom 6xy long.
N,
NITCS

)

Ny

Ar+OgNy

P

Ne+He+1;
R Yl

a)

Kkhong khi 13 .i
ng ougp_

OpNgtar+{Kr +Xs)

Hinh 6.6: Thap chung cat diip.

6.4.2 Nguyén ly lam viéc:
Thiét bi chinh cua hé thong 1a thap chung cat dup (Hinh 6.6) gdm thap chung cat dudi va
thap chung cAt trén, ap suét 1am viéc & thap chung cat dué6i cao hon ap suat lam viéc ¢ thap

chung cit trén. Do d6 long tir thap chung cat dudi tu chay 1én thap chung cit trén qua cac van
tiét luu VTL2 va VTL3 (Hinh 6.5).

Thép chung cat dudi phan chia khong khi so bo ra thanh phan dé& bay hoi (N,) va khoi léng
giau 0xy (36 + 38%). Khi N di Ién trén dinh thap chung cat dudi, luong long giau O, di xuong
day thap chung cat dudi, roi qua van tiét luu VTL3 d1 vao khoang giira thap chung cét trén. O
thap chung cat trén qua trinh phan chia khong khi tiép tuc xay ra, N, khi di 1én trén, O, long di
xudng dudi. Nhiét do O, long & day thap chung cat trén thip hon nhiét do ngung tu ctia N, khi ¢
dinh thap chung cit dudi. Do d6 N, khi ¢ dinh thap chung cit dudi ngung tu lai, mot phan chay
xudng cac tang dia chung cit cua thap chung cat dudi lam dong hdi luu, phan con lai di 1én dinh
thap chung cat trén lam dong hdi luu cho thap chung cit trén qua van tiét lyu VTL2. Thong
thuong nhiét d6 ngung tu N, ¢ dinh thap chung cit dudi 16n hon nhiét do O, long & day thap
chung cat trén 1,5 =+ 3K. O, va N, khi duoc dua 1én di vé thiét b hdi nhiét roi dua dén ho tiéu
thu. Néu khong sir dung N, khi thi day vao khi quyén Néu can sir dung N, long thi liy & dia
phan ph01 dong l6ng hoi luu ¢ dinh thap chung cat trén, néu khong can thi tit ca long N s& lam
dong hoi luu. O, long 6 day thap chung cit trén duogc lay di st dung hodc dua qua bom o6xy long
di qua thiét bj hoi nhiét dé tan dung lugng lanh.

Ap lyc 1am viéc thap chung cat dudi khoang p = 4,8 + 5,2 bar.

Ap lyc 1am viéc thap chung cat trén khoang p = 1,4 = 1,6 bar.

Nhiét d6 lam viéc & cac thap khoang — 200°C. Khong khi di vao may nén rdi qua thiét b
Jam mat t6i thiét bi hoi nhiét, gan giira thiét bj hdi nhiét trich ra mot phan téi may dan nd, phan
16n con lai di hét thiét bi hdi nhiét t6i van tiét luu VIL1 da hoa 1ong hoan toan. May dan no
dung dé 1am lanh hé thong khi khoi dong 1an dau, khi hoat dong 6n dinh dé phu ton that lanh do
truyén nhiét ra moi trudng xung va do cac lugng long lay di.

6.5 SO PO HOA LONG KHONG KHi HA AP THU O, N,.
Déi véi cac hé théng c6ng suat 1on thap chu’ng cAt dup trd nén rat cong kénh va ning né, do
d6 nguoi ta chia thap chung cat dip thanh 3 phan: thap chung cit cao ap (4,8 + 5,2 bar), thap
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chung cat ha ap (1,4 +1,6 bar ) va thiét bi trao doi nhiét gitra 2 thap dé tao cac dong hdi luu.
Ngoai ra trong khoéng khi c6 mét lwgng nho H,O va CO; s& dong bang & nhiét do O°C va -80°C &
thiét bi hoi nhiét, do d6 chu trinh nhu 6.4 khong thé lam viéc lién tuc dwoc ma can c6 thoi gian
dé pha bang H,O va CO,. Pé hé thong lam viéc duoc lién tuc ta ché tao 2 thiét bi hdi nhiét.
Ngoai ra trong khong khi c6 mot sé khi doc hai, gdy chay nd trong 6xy 16ng nén can phai loc
sach. Cac van dé trén dugc giai quyét ¢ so do lanh cryo ha ap (Hinh 6.7).

6.5.1 So' do:
nitd Oxy ’
—fm| P
o 4! 1 1
1 .I I J I T 7 ll
b i | z
I ? o # ! fi 1 1
T : ! i 1
I ! { | L1 i
3 ! l o I
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Hinh 6.7: So' d6 héa long khéong khi ha dp.

I - Thiét bi hdi nhiét nito; IT — Thiét bi hdi nhiét 6xy; 111 - Binh hap thu COy; IV — May din né
turbine; V - Thap chung cat thir nhat; VI - Thap chung ct tht hai; VII - Thiét bi ngung tu — bay
hoi; IX - Van tiét Iuu nito; X - Van tiét luu 16ng; XI - Thiét bi qua lanh nito long; XII - Thiét bi

lam lanh chit 16ng; XIII - Thiét bi gia nhiét nito;

6.5.2 Nguyén ly lam viéc: Tuong ty 6.4
V& céc thiét bi, khac 6.4 nhu sau:

Do céc thiét bi chung cat dat trén cung mit bang nén phai ding bom B dé bom N, long tir
cac tai trao doi nhiét 1én dinh thap chung cat trén (T- thip ap) tao dong hdi luu cho thap.

Céc thiét bi hdi nhiét chinh 1a cac thiét bi hdi nhiét loai lam viéc theo chu ky, trong cac thiét
bi h6i nhiét nay xép cac 1a nhom dang song. Khi khong khi di vao thiét bi hoi nhiét TBHN1 va
thiét bi hoi nhiét TBHN3 thi N, di vao thiét bi hdi nhiét TBHN2, O, vao thiét bi hdi nhiét
TBHN4 va nguoc lai. Céc thiét bi hoi nhiét 5, 6, 7 lam viéc lién tuc, loai c6 vach ngin. Bang
H,0 va CO, duoc cac dong hdi nhiét mang ra khoi thiét bi hoi nhiét.

B0 loc céac chat gy chay, nd ra khoi dong khong khi di vao may dan ng (vi du Hy).

Do hé théng lanh cryo la thap ap nén dong khong khi chinh sau thiét bi hoi nhiét di truc tiép
vao thap chung cit trén khong can van tiét lru.
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PHU LUC

BANG 1: BANG HOI BAO HOA NH;

1 " 1 "

t P v v h' h" r S S
°C bar dm’/kg | dm’/kg | kl/kg kJ/kg kJ/kg | kJ/(kg.°C) | kJ/(kg.°C)
=771 0,06427 | 1,36378 | 14844 | -217,51 | 1260,59 | 1478,1 -2,8862 4,64937
-76 1 0,06952 | 1,36587 | 13789 | -213,46 | 1262,57 | 1476,03 -2,8656 4,62123
=751 0,07513 | 1,36797 | 12820 | -209,42 | 1264,54 | 1473,96 -2,8452 4,59344
-74 1 0,08113 | 1,37007 | 11930 | -205,39 | 1266,51 | 1471,89 -2,8249 4,566
-73 1 0,08753 | 1,37219 | 11110 | -201,34 | 1268,46 | 1469,8 -2,8046 4,53888
=721 0,09436 | 1,37432 | 10355 | -197,28 | 1270,41 | 1467,68 -2,7844 4,5121
=711 0,10164 | 1,37646 | 9658,3 | -193,21 | 1272,34 | 1465,56 -2,7642 4,48564
-70 1 0,10938 | 1,37861 | 9015,8 | -189,12 | 1274,27 | 1463,39 -2,744 4,45949
-69 | 0,11763 | 1,38077 | 8422,7 | -185,06 | 1276,2 | 1461,25 -2,7241 4,43367
-68 | 0,12639 | 1,38294 | 7874,5 | -180,97 | 1278,11 | 1459,08 -2,7041 4,40815
-67 | 0,1357 | 1,38513 | 7367,3 | -176,85 | 1280,01 | 1456,86 -2,6841 4,38292
-66 | 0,14559 | 1,38733 6898 | -172,77 | 1281,91 | 1454,68 -2,6643 4,35801
-65 | 0,15608 | 1,38953 | 6463,2 | -168,65 | 1283,8 | 1452,45 -2,6445 4,33338
-64 | 0,1672 | 1,39176 6060 | -164,53 | 1285,68 | 1450,2 -2,6248 4,30903
-63 1 0,17898 | 1,39399 | 5685,9 | -160,37 | 1287,54 | 144791 -2,6049 4,28496
-62 1 0,19145 | 1,39623 | 5338,6 | -156,25 | 1289.,4 | 1445,66 -2,5854 426119
-61 | 0,20464 | 1,39849 | 5015,9 | -152,1 | 1291,25 | 1443,35 -2,5658 4,23767
-60 | 0,21859 | 1,40076 | 4715,8 | -147,94 | 1293,09 | 1441,03 -2,5462 4,21443
-59 1 0,23333 | 1,40304 | 4436,6 | -143,77 | 1294,93 | 1438,69 -2,5267 4,19144
-58 | 00,2489 | 1,40534 | 4176,6 | -139,58 | 1296,75 | 1436,33 -2,5072 4,16872
-57 1 0,26533 | 1,40765 | 3934,3 | -135,39 | 1298,56 | 1433,95 -2,4878 4,14625
-56 | 0,28265 | 1,40997 | 3708,3 | -131,19 | 1300,36 | 1431,54 -2,4684 4,12403
-5510,30091 | 1,4123 | 3497,5 | -126,97 | 1302,15 | 1429,12 -2,449 4,10205
-54 1 0,32014 | 1,41465 | 3300,7 | -122,75 | 1303,93 | 1426,68 -2,4297 4,08031
-5310,34038 | 1,41701 | 3116,7 | -118,48 | 1305,7 | 1424,17 -2,4103 4,0588
-5210,36168 | 1,41938 | 2944,8 | -114,26 | 1307,46 | 11421,7 -2,3912 4,03754
-51 1 0,38408 | 1,42177 2784 -110 | 1309,21 | 1419,21 -2,372 4,0165
-50 | 0,40762 | 1,42417 | 2633,4 | -105,73 | 1310,94 | 1416,67 -2,3528 3,99568
-49 1 0,43234 | 1,42658 | 2492,4 | -101,45 | 1312,67 | 1414,11 -2,3337 3,97508
-48 1 0,45829 | 1,42901 | 2360,1 | -97,116 | 1314,38 | 1411,49 -2,3144 3,95469
-47 1 0,48551 | 1,43146 | 2236,1 | -92,808 | 1316,08 | 1408,89 -2,2954 3,93451
-46 | 0,51406 | 1,43392 | 2119,8 | -88,489 | 1317,77 | 1406,6 -2,2763 3,91456
-45 1 0,54398 | 1,43639 | 2010,6 | -84,158 | 1319,45 | 1403,61 -2,2573 3,8948
-44 1 0,57532 | 1,43888 1908 | -79,816 | 1321,11 | 1400,93 -2,2384 3,87524
-43 1 0,60813 | 1,44138 | 1811,5 | -75,461 | 1322,77 | 1398,23 -2,2194 3,85588
-42 1 0,64246 | 1,4439 | 1720,8 | -71,094 | 1324,41 | 1395,5 -2,2005 3,83671
-41 1 0,67837 | 1,44643 | 1635,4 | -66,715 | 1326,03 | 1392,75 -2,1816 3,81773
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-40 | 0,71591 | 1,44898 | 1555,1 | -62,325 | 1327,65 | 1389,97 -2,1628 3,7989
-39 | 0,75513 | 1,45154 | 14794 | -57,922 | 1329,25 | 1387,17 -2,144 3,78033
-38 | 0,7961 | 1,45412 1408 | -53,507 | 1330,84 | 1384,34 -2,1252 3,7619
-37 | 0,83886 | 1,45671 | 1340,7 | -49,081 | 1332,41 | 1381,49 -2,1064 3,74365
-36 | 0,88348 | 1,45933 | 1277,2 | -44,643 | 1333,97 | 1378,61 -2,0768 3,72557
-3510,93002 | 1,46195 | 1217,3 | -40,193 | 1335,52 | 1375,71 -2,069 3,70766
-34 1 0,97853 | 1,4646 | 1160,7 | -35,731 | 1337,05 | 1372,78 -2,0503 3,68992
-33 | 1,0291 | 1,46726 | 1107,2 | -31,258 | 1338,56 | 1369,82 -2,0317 3,67234
-32 | 1,0817 | 1,46994 | 1056,6 | -26,773 | 1340,06 | 1366,38 -2,0131 3,65492
-31 | 1,1365 | 1,47263 | 1008,8 | -22,277 | 1341,55 | 1363,83 -1,9945 3,63766
-30 | 1,1936 | 1,47534 | 963,49 | -17,77 | 1343,02 | 1360,79 -1,976 3,62055
-29 | 11,2529 | 1,47807 | 920,63 | -13,251 | 1344,48 | 1357,73 -1,9575 3,6036
-28 | 1,3146 | 1,48082 | 880,04 | -8,722 | 1345,92 | 1354,64 -1,939 3,58679
-27 1 1,3787 | 1,48359 | 841,57 | -4,182 | 1347,35 | 1351,53 -1,9205 3,57013
-26 | 11,4453 | 1,48637 | 805,11 | -0,369 | 1348,75 | 1348,39 -1,9021 3,55361
-25 | 1,5145| 1,48917 | 770,52 4,931 | 1350,15 | 1345,22 -1,8838 3,53723
-24 | 11,5863 | 1,49199 | 737,77 9,503 | 1351,52 | 1342,02 -1,8654 3,52099
-23 | 1,6609 | 1,49483 | 706,55 | 14,085 | 1352,88 | 1338.,8 -1,8471 3,50489
-22 1 11,7382 | 1,49769 | 676,97 | 18,677 | 1354,23 | 1335,55 -1,8288 3,48892
21| 1,8184 | 1,50057 | 648,86 | 23,279 | 1355,55 | 1332,27 -1,8106 3,47307
-20 | 1,9015 | 1,50347 | 622,14 27,891 | 1356,86 | 1328,97 -1,7924 3,45736
-19 | 19876 | 1,50638 | 596,73 | 32,512 | 1358,15 | 1325,64 -1,7742 3,44177
-18 | 2,0767 | 1,50932 | 572,57 | 37,142 | 1359,43 | 1322,28 -1,7561 3,4263
-17 12,1691 | 1,51228 | 549,57 | 41,781 | 1360,68 | 1318,9 -1,738 3,41096
-16 | 2,2647 | 1,51526 | 527,68 | 46,429 | 1361,92 | 1315,49 -1,7199 3,39573
-15 | 2,3636 | 1,51826 | 506,82 | 51,085 | 1363,14 | 1312,06 -1,7019 3,38061
-14 | 2,4659 | 1,52128 | 486,96 | 55,749 | 1364,34 | 1308,59 -1,684 3,36561
-13 | 25716 | 1,52432 | 468,02 | 60,421 | 1365,53 | 1305,1 -1,666 3,35072
-12 2,681 | 1,52739 | 449,97 | 65,102 | 1366,69 | 1301,59 -1,6481 3,33594
-11 12,7939 | 1,53047 | 432,75 | 69,789 | 1367,84 | 1298,05 -1,6303 3,32127
-10 | 29106 | 1,53358 | 416,32 | 74,484 | 1368,96 | 1294,48 -1,6125 3,3067

-9 3,0312 | 1,53671 | 400,63 | 79,185 | 1370,07 | 1290,88 -1,5947 3,2923
-8 | 3,1556 | 1,53986 | 385,65 | 83,893 | 1371,16 | 1287,26 -1,577 3,27786
-7 3,284 | 1,54304 | 371,35 | 88,607 | 1372,23 | 1283,62 -1,5593 3,26359
-6 | 3,4164 | 1,54624 | 357,68 | 93,328 | 1373,27 | 1279,95 -1,5417 3,24942
-5 3,5531 | 1,54947 | 344,61 | 98,054 | 1374,3 | 1276,25 -1,5241 3,23534
-4 | 3,6939 | 1,55272 | 332,12 | 102,786 | 1375,31 | 1272,53 -1,5066 3,22136
-3 | 3,8391 | 1,55599 | 320,17 | 107,522 | 1376,3 | 1268,78 -1,4891 3,20746
-2 | 3,9888 | 1,55929 | 308,74 | 112,264 | 1377,27 1265 -1,4717 3,19366
-1 | 4,1429 | 1,56261 | 297,79 | 117,01 | 1378,21 | 1261,2 -1,4543 3,17994
0| 43017 | 1,56596 | 287,31 | 121,761 | 1379,14 | 1257,38 -1,437 3,16631
1| 4,4652 | 1,56934 | 277,28 | 126,515 | 1380,05 | 1253,53 -1,4197 3,15275
2| 4,6334 | 1,57274 | 267,66 | 131,273 | 1380,93 | 1249,66 -1,4024 3,13929
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31 4,8066 | 1,57617 | 258,45 | 136,034 | 1381,79 | 1245,76 -1,3853 3,1259
41 49847 | 1,57963 | 249,61 | 140,799 | 1382,63 | 1241,84 -1,3682 3,11259
5| 5,1679 | 1,58311 | 241,14 | 145,566 | 1383,45 | 1237,89 -1,3511 3,09935
6| 5,3563 | 1,58663 | 233,02 | 150,335 | 1384,25 | 1233,92 -1,3341 3,08619
71 5,5499 | 1,59017 | 225,22 | 155,107 | 1385,03 | 1229,92 -1,3171 3,07311
8| 5,7489 | 1,59374 | 217,74 | 159,88 | 1385,78 | 1225,9 -1,3002 3,0601
91 5,9534 | 1,59734 | 210,55 | 164,655 | 1386,52 | 1221,86 -1,2834 3,04715

10 | 6,1635 | 1,60097 | 203,65 | 169,431 | 1387,23 | 1217,8 -1,2666 3,03428
11| 63792 | 1,60463 | 197,02 | 174,208 | 1387,92 | 1213,71 -1,2499 3,02147
12| 6,6007 | 1,60832 | 190,65 | 178,986 | 1388,58 | 1209,6 -1,2332 3,00873
13 6,828 | 1,61204 | 184,53 | 183,764 | 1389,22 | 1205,46 -1,2166 2,99605
14| 7,0613 | 1,61579 | 178,64 | 188,542 | 1389,84 | 1201,3 -1,2001 2,98344
15| 7,3007 | 1,61958 | 172,98 | 193,32 | 1390,44 | 1197,12 -1,1836 2,97089
16 | 7,5462 | 1,6234 | 167,54 | 198,097 | 1391,02 | 1192,92 -1,1672 2,95839
17 7,798 | 1,62725 | 162,3 | 202,874 | 1391,57 | 1188,69 -1,1509 2,94596
18| 8,0562 | 1,63114 | 157,25 | 207,649 | 1392,09 | 1184,44 -1,1346 2,93359
19| 83209 | 1,63506 | 1524 |212,423 | 1392,6 | 1180,17 -1,1104 2,92127
20| 8,5922 | 1,63902 | 147,72 | 217,196 | 1393,08 | 1175,88 -1,1022 2,909
21| 8,8701 | 1,64301 | 143,22 | 221,967 | 1393,54 | 1171,57 -1,0861 2,89679
22| 9,1548 | 1,64704 | 138,88 | 226,736 | 1393,97 | 1167,23 -1,0701 2,88463
23| 9,4465 | 1,65111 | 134,69 {231,502 | 1394,38 | 1162,88 -1,0541 2,87253
24| 19,7452 | 1,65522 | 130,66 | 236,266 | 1394,76 | 1158,5 -1,0382 2,86047
25| 10,051 | 1,65936 | 126,78 | 241,027 | 1395,12 | 1154,1 -1,0224 2,84846
26 | 10,364 | 1,66354 | 123,03 | 245,786 | 1395,46 | 1149,67 -1,0066 2,8365
27| 10,684 | 1,66776 | 119,41 | 250,541 | 1395,77 | 1145,23 -0,991 2,82458
28 | 11,012 | 1,67203 | 115,92 | 255,293 | 1396,06 | 1140,77 -0,9753 2,81271
29| 11,347 | 1,67633 | 112,56 | 260,042 | 1396,32 | 1136,28 -0,9598 2,80089
30 11,69 | 1,68068 | 109,3 | 264,787 | 1396,56 | 1131,78 -0,9443 2,7891
31| 12,041 | 1,68507 | 106,17 | 269,528 | 1396,78 | 1127,25 -0,9289 2,77736
32 12,4 | 1,6895 | 103,13 | 274,265 | 1396,96 | 11227 -0,9135 2,76566
33| 12,767 | 1,69398 | 100,21 | 278,998 | 1397,13 | 1118,13 -0,8982 2,754
34| 13,141 | 1,6985 | 97,376 | 283,727 | 1397,27 | 1113,54 -0,883 2,74237
35| 13,525 1,70307 | 94,641 | 288,452 | 1397,38 | 1108,93 -0,8679 2,73079
36 | 13,916 1,70769 | 91,998 | 293,172 | 1397,46 | 1104,29 -0,8528 2,71924
37| 14,316 | 1,71235 | 89,442 | 297,888 | 1397,53 | 1099,64 -0,8378 2,70772
38| 14,724 | 1,71707 | 86,97 | 302,599 | 1397,56 | 1094,96 -0,8228 2,69624
39| 15,141 1,72183 | 84,58 | 307,306 | 1397,57 | 1090,27 -0,808 2,68479
40 | 15,567 | 1,72665 | 82,266 | 312,008 | 1397,55 | 1085,55 -0,7932 2,67337
41| 16,002 | 1,73152 | 80,028 | 316,706 | 1397,51 | 1080,81 -0,7784 2,66199
42| 16,446 | 1,73644 | 77,861 | 321,399 | 1397,44 | 1076,04 -0,7638 2,65063
43| 16,899 | 1,74142 | 75,764 | 326,087 | 1397,35 | 1071,26 -0,7492 2,6393
44 | 17,362 | 1,74645 | 73,733 | 330,772 | 1397,22 | 1066,45 -0,7346 2,628
45| 17,834 | 1,75154 | 71,766 | 335,451 | 1397,08 | 1061,62 -0,7201 2,61672
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46 | 18,315 1,75668 | 69,86 | 340,127 | 1396,9 | 1056,77 -0,7057 2,60547
47| 18,806 | 1,76189 | 68,014 | 344,798 | 1396,7 | 1051,9 -0,6914 2,59425
48 | 19,307 | 1,76716 | 66,225 | 349,465 | 1396,46 1047 -0,6771 2,58304
49 | 19,818 | 1,77249 | 64,491 | 354,128 | 1396,21 | 1042,08 -0,6629 | 2,57186
50| 20,338 | 1,77788 | 62,809 | 358,787 | 1395,92 | 1037,13 -0,6487 2,5607
51| 20,869 | 1,78334 | 61,179 | 363,443 | 1395,6 | 1032,16 -0,6347 2,54956
52| 21,411 1,78887 | 59,598 | 368,095 | 1395,26 | 1027,17 -0,6206 2,53844
53| 21,962 | 1,79446 | 58,064 | 372,745 | 1394,89 | 1022,15 -0,6066 | 2,52733
54| 22,525 | 1,80013 | 56,576 | 377,391 | 1394,49 | 1017,1 -0,5927 2,51624
55| 23,098 | 1,80586 | 55,132 | 382,035 | 1394,06 | 1012,03 -0,5789 2,50517
56| 23,681 |1,81167 | 53,73 | 386,677 | 1393,6 | 1006,93 -0,5651 2,4941
57| 24,276 | 1,81755 | 52,369 | 391,317 | 1393,11 | 1001,8 -0,5513 2,48305
58| 24,882 | 1,82352 | 51,048 | 395,956 | 1392,6 | 996,64 -0,5376 | 2,47201
59| 25,499 | 1,82956 | 49,764 | 400,594 | 1392,05 | 991,455 -0,524 | 2,46099
60| 26,127 | 1,83568 | 48,518 | 405,231 | 1391,47 | 986,239 -0,5104 2,44996
61| 26,767 | 1,84189 | 47,307 | 409,868 | 1390,86 | 980,993 -0,4968 2,43895
62| 27419 | 1,84818 | 46,13 | 414,506 | 1390,22 | 975,715 -0,4833 2,42794
63| 28,082 | 1,85456 | 44,986 | 419,145 | 1389,55 | 970,404 -0,4699 | 2,41694
64 | 28,758 | 1,86103 | 43,874 | 423,785 | 1388,85 | 965,06 -0,4565 2,40593
65| 29,445 | 1,86759 | 42,793 | 428,428 | 1388,11 | 959,681 -0,4431 2,39493
66 | 30,145 | 1,87425 | 41,742 | 433,074 | 1387,34 | 954,266 -0,4298 2,38393
67| 30,857 1,881 | 40,719 | 437,724 | 1386,54 | 948,314 -0,4165 2,37293
68 | 31,581 | 1,88786 | 39,724 | 442,378 | 1385,7 | 943,324 -0,4032 | 2,36192
69 | 32,318 | 1,89483 | 38,756 | 447,037 | 1384,83 | 937,794 -0,39 | 2,35091
70 | 33,068 | 1,9019 | 37,814 | 451,703 | 1383,93 | 932,223 -0,3768 2,33988
71| 33,831 | 1,90908 | 36,897 | 456,376 | 1382,99 | 926,609 -0,3636 2,32885
72| 34,607 | 1,91637 | 36,005 | 461,057 | 1382,01 | 920,951 -0,3505 2,31781
73| 35,397 | 1,92378 | 35,135 | 465,748 | 1380,99 | 915,247 -0,3373 2,30678
74 36,2 | 1,93132 | 34,289 | 470,449 | 1379,94 | 909,495 -0,3242 | 2,29568
75| 37,016 | 1,93898 | 33,464 | 475,161 | 1378,85 | 903,693 -0,3111 2,2846
76 | 37,846 | 1,94677 | 32,66 | 479,886 | 1377,73 | 897,84 -0,298 | 2,27349
77| 38,691 | 1,95469 | 31,877 | 484,624 | 1376,56 | 891,933 -0,2849 | 2,26235
78 | 39,549 | 1,96275 | 31,114 | 489,379 | 1375,35 | 885,97 -0,2719 2,2512
79 | 40,422 | 1,97096 | 30,369 | 494,15 | 1374,1 | 879,949 -0,2588 2,24001
80| 41,309 | 1,97931 | 29,644 | 498,939 | 1372,81 | 873,866 -0,2457 2,2288
81| 42,211 1,98782 | 28,936 | 503,748 | 1371,47 | 867,72 -0,2326 |  2,21755
82| 43,127 1,99648 | 28,245 | 508,579 | 1370,09 | 861,507 -0,2195 2,20626
83| 44,059 2,00532 | 27,572 | 513,433 | 1368,66 | 855,225 -0,2069 | 2,19494
84| 45,006 | 2,01432 | 26,914 | 516,313 | 1367,18 | 848,871 -0,1932 2,18357
85| 45,968 |2,02351 | 26,272 | 523,22 | 1365,66 | 842,44 -0,18 2,17216
86 | 46,946 | 2,03288 | 25,646 | 528,156 | 1364,09 | 835,93 -0,1668 2,16069
87 47,94 | 2,04244 | 25,034 | 533,124 | 1362,46 | 829,336 -0,1536 | 2,14917
88| 48,949 2,05221 | 24,436 | 538,126 | 1360,78 | 822,655 -0,1403 2,13759
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| 89| 49.975]2,06218 | 23,852 | 543,164 | 1359,05 | 815,882 | -0,1269 | 2,12595
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t

(°C) (m’/kg) (kJ/kg) (kI/(kg°K))

v

h

BANG 2: BANG HOI QUA NHIET NH;

S

[p] = bar
t=-70 p=0,1094
70 9,016 127427 4,459
65 9242 1284,63 4,510
60 9,468 1294,94 4,559
55 9,694 130520 4,606
50 9,920 131544 4,653
45 10,146 1325,65 4,698
40 10,371 133585 4,742
35 10,596  1346,05 4,786
30 10,821 135624 4,828
25 11,046 136645 4,869
20 11271 1376,67 4,910
10 11,720 1397,16 4,990
0 12,169 1417,75 5,066
10 12,617 143846 5,141
20 13,066 145931 57213
30 13,514 148030 5,284
40 13,961 150146 5,352
50 14,409 152278 5,419
60 14,857 154427 5,484
70 15304 156593 5,549
80 15,751 1587,77 5,611
90 16,198 1609,79 5,673
100 16,645 1631,98 5,733
110 17,092 1654,35 5,792
120 17,539 1676,89 5,851
130 17,986 1699,60 5,908
140 18,433 1722,48 5,964
150 18,879 1745,53 6,019
160 19,326 1768,74 6,073
170 19,773 1792,11 6,126
180 20,219 181564 6,179
190 20,666 1839,32 6,230
200 21,112 1863,15 6,281
t=-65 p=0,1561
65 6,463 1283,80 4,333
60 6,622 1294,15 4,382
55 6,788 1304,46 4,443
50 6,941 131474 4,477
45 7,099 132499 4,522
40 7,258 133523 4,567
35 7416 134546 4,610
30 7,575 1355,69 4,653
25 7,733 1365,92 4,694
20 7,891 137617 4,735
10 8,207 1396,71 4,815
0 8522 141735 4,892

10 8,837 1438,10 4,966
20 9,152 145898 5,039
30 9,466 1480,00 5,109
40 9,780 1501,18 5,178
50 10,095 1522,53 5,245
60 10,408 1544,04 5,311
70 10,722 1565,73 5,375
80 11,036 1587,58 5,438
90 11,350 1609,62 5,499
100 11,663 1631,82 5,560
110 11,977 1654,20 5,619
120 12,290 1676,76 5,677
130 12,603 1699,48 5,734
140 12,916 1722,37 5,790
150 13,230 1745,42 5,845
160 13,543 1768,64 5,899
170 13,856 1792,02 5,953
180 14,169 1815,56 6,005
190 14,482 1839,25 6,057
200 14,795 1863,08 6,108
t=-60 p=0,2186

-60 4,716 1293,090 4,214
-55 4,830 1303,460 4,262
-50 4,944  1313,800 4,309
-45 5,059 1324,110 4,355
-40 5,172 1334,390 4,400
-35 5,286  1344,670 4,443
-30 5,400 1354,940 4,486
-25 5,513 1365,220 4,528
-20 5,626  1375,500 4,569
-15 5,740 1385,800 4,609
-10 5,853 1396,110 4,649
0 6,079 1416810 4,726
10 6,304 1437,610 4,801
20 6,529 1458,530 4,873
30 6,754 1479,600 4,944
40 6,979 1500,820 5,013
50 7,204 1522,200 5,080
60 7,428 1543,740 5,146
70 7,653 1565,450 5,210
80 7,877 1587,330 5,273
90 8,101 1609,390 5,334
100 8,325 1631,610 5,395
110 8,549 1654,010 5,454
120 8,773 1676,580 5,512
130 8,997 1699,320 5,569
140 9,221 1722,220 5,625
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150 9,444 1745,290 5,680 30 3,615 1478,38 4,637
160 9,668 1768,520 5,734 40 3,735 1499,71 4,706
170 9,892 1791,910 5,788 50 3,857 1521,19 4,773
180 10,115 1815,450 5,841 60 3978 1542,82 4,839
190 10,339 1839,150 5,892 70 4,099 1564,61 4,904
200 10,563 1862,990 5,943 80 422 1586,57 4,967
t=-55 p=0,3009 90 434 1608,69 5,029
-55 3,497 1302,150 4,102 100 4,461 1630,97 5,089
-50 3,581 1312,560 4,149 110 4,581 165342 5,148
-45 3,665 1322940 4,195 120 4,702 1676,04 5,207
-40 3,748 1333,290 4,240 130 4,822 1698,82 5,264
-35 3,831 1343,630 4,284 140 4942 1721,77 5,32
-30 3,914 1353,960 4,327 150 5,062 174487 5,375
-25 3,997 1364290 4,369 160 5,182 1768,14 543
20 4,080 1374,620 4,410 170 5,303 1791,56 5,483
-15 4,163 1384960 4,451 180 5,423 1815,13 5,536
-10 4,245 1395,320 4,490 190 5,543 1838,85 5,588
0 4410 1416,090 4,568 200 5,663 1862,72 5,639
10 4,574 1436,960 4,643 t=-45 p=0,544
20 4,739 1457,950 4,716 -45 2,011 131945 3,895
30 4902 1479,070 4,786 -40 2,058 13306 3,94
40 5,066 1500,340 4,855 -35 2,105 1340,53 3,985
50 5,230 1521,760 4,923 -3002,152  1351,03 4,029
60 5,393 1543,340 4,989 -25 2,198 1361,52 4,072
70 5,556 1565,080 5,053 20 2,245 1372 4,113
80 5,720 1587,000 5,116 -15 2,291 138248 4,154
90 5,883 1609,080 5,177 -10 2,337 139297 4,195
100 6,046 1631,330 5,231 -5 2,384 140346 4,234
110 6,209 1653,760 5,297 0 243 141397 4,273
120 6,371 1676,340 5,356 10 2,522 1435,05 4,349
130 6,534 1699,100 5,413 20 2,614 1456,22 4,422
140 6,697 1722,020 5,469 30 2,705 14775 4,494
150 6,860 1745,110 5,524 40 2,796 149891 4,563
160 7,022 1768,350 5,578 50 2,887 1520,46 4,631
170 7,185 1791,750 5,632 60 2,978 1542,16 4,7
180 7,347 1815,310 5,684 70 3,069 1564,01 4,762
190 7,510 1839,020 5,736 80 3,160 1586,01 4,825
200 7,672 1862,880 5,787 90 3,25 1608,18 4,887
t=-50 p=0,4076 100 3,341 1630,51 4,947
-50 2,633 131094 3,996 110 3,431 1653 5,007
-45 2,696 1321,41 4,042 120 3,522 1675,65 5,065
-40 2,758 1331,85 4,087 130 3,612 169847 5,122
35 2,82 134227 4,132 140 3,702 1721,44 5,179
-30 2,882 1352,68 4,175 150 3,792 1744,57 5,234
-25 2943 1363,07 4,217 160 3,882 1767,86 5,288
-20 3,005 137347 4,259 170 3,972 1791,3 5,342
-15 3,066 1383,88 4,299 180 4,062 18149 5,395
-10 3,128 1394,29 4,339 190 4,152 1838,64 5,446
-5 3,189 1404,72 4,378 200 4,242 1862,53 6,497
0 3,25 1415,16 4417 t=-40 p=0,7159
10 3,372 1436,12 4,492 -40 1,555 1327,650 3,799
20 3,494 1457,19 4,566 -35 1,591 1338,310 3,844
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-30 1,627 1348930 3,888 150 2,216 1743,720 4,971
-25 1,663 1359,540 3,932 160 2,269 1767,080 5,025
20 1,699 1370,130 3,974 170 2,322 1790,590 5,079
-15 1,735 1380,710 4,015 180 2,374 1814,240 5,132
-10 1,770  1391,290 4,056 190 2,427 1838,040 5,184
-5 1,806 1401,870 4,096 200 2,480 1861,970 5,235
0 1,841 1412,460 4,135 t=-30 p=1,1936
5 1,876 1423,070 4,173 -30 0,964 1343,020 3,620
10 1,912 1433,690 4,211 -25 0,986 1353930 3,665
20 1,982  1454,990 4,285 -20 1,008 1364,830 3,709
30 2,052 1476,390 4,357 -15 1,030 1375,730 3,751
40 2,121 1497,900 4,426 -10 1,052 1386,530 3,793
50 2,191 1519,540 4,494 -5 1,074 1397,410 3,833
60 2,260 1541,320 4,561 0 1,096 1408,240 3,873
70 2,330  1563,240 4,626 5 L1117 1419,060 3,913
80 2,399 1585,320 4,689 10 1,139 1429,880 3,951
90 2,468 1607,540 4,751 15 1,160 1440,710 3,989
100 2,537 1629,930 4,812 20 1,182 1451,550 4,026
110 2,605 1652,470 4,872 30 1,224 1473,270 4,099
120 2,674 1675,160 4,930 40 1,267 1495,080 4,170
130 2,743  1698,020 4,988 50 1,309 1516980 4,239
140 2,812 1721,030 5,044 60 1,351  1538,980 4,306
150 2,880 1744,190 5,099 70 1,393 1561,110 4,372
160 2,949 1767,510 5,154 80 1,435 1583,370 4,435
170 3,017 1790,800 5,207 90 1,477 1605,770 4,498
180 3,086 1814,000 5.260 100 1,518 1628,300 4,559
190 3,154 1838370 5,312 110 1,560 1650,980 4,619
200 3,223 1862,280 5,363 120 1,601 1673,800 4,678
t=-35 p=0,93 130 1,643 1696,770 4,736
-35 1,217 1335,520 3,708 140 1,684 1719,880 4,792
-30 1,245 1346,300 3,752 150 1,725 1749,140 4,848
-25 1,274 1357,050 3,796 160 1,767 1766,550 4,902
-20 1,302 1367,780 3,839 170 1,808 1790,100 4,956
-15 1,329  1378,490 3,881 180 1,849 1813,790 5,009
-10 1,357 1389,190 3,922 190 1,890 1837,620 5,061
-5 1,384 1399,880 3,962 200 1,931 1861,590 5,112
0 1,412 1410,580 4,002 t=-25 p=1,5145
5 1,440 1421,280 4,040 -25 0,771 1350,150 3,537
10 1,467 1431,990 4,079 -20 0,788 1361,260 3,582
20 1,521 1453,450 4,153 -15 0,806 1372,340 3,625
30 1,576  1474,990 4,226 -10 0,824 1383,370 3,667
40 1,630 1496,640 4,296 -5 0,841 1394,380 3,709
50 1,684 1518,390 4,364 0 0,859 1405,360 3,749
60 1,737 1540,280 4,431 5 0,876 1416,330 3,789
70 1,791 1562,290 4,496 10 0,893 1427,300 3,828
80 1,844 1584,440 4,560 15 0,910 1438,260 3,866
90 1,898 1606,750 4,622 20 0,928 1449,220 3,904
100 1,951 1629,200 4,683 30 0,962 1471,170 3,978
110 2,004 1651,800 4,742 40 0,995 1493,170 4,049
120 2,057 1674,550 4,801 50 1,029 1515,240 4,119
130 2,110 1697,450 4,859 60 1,062 1537,410 4,186
140 2,163 1720,510 4,915 70 1,096 1559,680 4,252
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80 1,129 1582,060 4,316 30 0,6104 1465,54 3,74
90 1,162 1604,570 4,379 40 10,6326 1488,08 3,82
100 1,195 1627,210 4,441 50 0,6546 1510,62 3,89
110 1,228 1649,980 4,501 60 0,6765 1533,21 3,959
120 1,260 1672,880 4,540 70 0,6982 1555,86 4,02
130 1,293  1695,930 4,618 80 10,7199 1578,58 4,092
140 1,326 1719,110 4,675 90 0,7414 1601,39 4,155
150 1,359 1742,430 4,730 100 0,7628 1624,3 4,217
160 1,391 1765,900 4,785 110 10,7841 1647,32 4,278
170 1,424 1789,500 4,839 120 0,8053 1670,45 4,338
180 1,456 1813,240 4,892 130 0,8265 1693,7 4,396
190 1,489 1837,120 4,944 140 10,8476 1717,06 4,454
200 1,521 1861,130 4,995 150 0,8687 1740,56 4,51

=-20 p=1,9015 160 0,8898 1764,18 4,565
-20  0,6221 1356,86 3,457 170 0,9107 1787,92 4,619
-15  0,6366 1368,18 3,502 180 10,9317 1811,79 4,672
-10 0,651 1379,45 3,545 190 09526 1835,78 4,725
-5 0,6652  1390,67 3,587 200 10,9735 1859,91 4,776
0 0,6794 1401,86 3,628 t=-10 p=29100
5 0,6934 1413,02 3,669 -10  0,4163 1368,96 3,307
10 0,7074 1424,15 3,709 -5 0,4262  1380,78 - 3,351
15 0,7213  1435,28 3,748 0 0,4359  1392,52 3,394
20 10,7352 1446,39 3,786 50,4456 1404,20 3,437
25 0,7489 1457,5 3,823 10 0,4551 1415,81 3,478
30 0,7626 1468,61 3,86 15 04646 1427,37 3,519
40 0,7898 1490,86 3,932 20 0,4740 1438,90 3,558
50 0,8169 1513,14 4,002 25 0,4834 1450,39 3,597
60 0,8438 1535,5 4,071 30 0,4926 1461,86 3,635
70 0,8705 1557,94 4,137 35 0,5018 1473,32 3,673
80 0,8971 1580,48 4,202 40 0,5110 1484,76 3,710
90 10,9236 1603,12 4,265 50 10,5292 1507,62 3,782
100 09501 1625,88 4,327 60 10,5472 1530,49 3,851
110 0,9764 1646,77 4,387 70 0,5650 1553,38 3,919
120 1,003 1671,78 4,447 80 10,5827 1576,32 3,985
130 1,029 1694,91 4,505 90 10,6004 1599,33 4,049
140 1,055 1718,18 4,562 100 0,6179 1622,42 4,112
150 1,081 1741,58 4,618 110 0,6353 1645,60 4,173
160 1,107 1765,11 4,673 120 0,6527 1668,87 4,233
170 1,133 1788,78 4,727 130 0,6700 1692,25 4,292
180 1,159 1812,58 4,78 140 0,6872 1715,74 4,349
190 1,185 1836,51 4,832 150 0,7044 1739,34 4,406
200 1,211 1860,58 4,884 160 0,7216 1763,06 4,461
t=-15 p=2,3636 170 0,7387 1786,90 4,516
-15  0,5068 1363,14 3,381 180 0,7558 1810,85 4,569
-10  0,5187 1374,7 3,425 190 0,7728 1834,92 4,622
-5 05305 1386,19 3,468 200 10,7898 1859,12 4,673
0 0,5422 1397,62 3,51 t=-5 p=3,5531
5 0,5537 1409,01 3,552 -5 03446 1374,30 3,235
10 0,5652 1420,36 3,592 0 03529 1386,42 3,280
15 0,5766 1431,68 3,632 5 03610 1398,44 3,324
20 0,5879 144298 3,671 10 03691 1410,38 3,360
25 10,5992 145426 3,709 15 0,3771 1422,24 3,408
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20 0,3850 1434,04 3,448 20 00,2588 1421,50 3,232
25 0,3928 1445,79 3,488 25 0,2646 1433,94 3,275
30 0,4006 1457,50 3,527 30 0,2702 1446,28 3,316
35 04083 1469,18 3,565 35 0,2758 1458,55 3,356
40 04160 1480,82 3,603 40 0,2813 1470,75 3,395
50 04311 1504,00 3,670 45 0,2868 1482,89 3,434
60 04461 152726 3,740 50 0,2922 149498 3,471
70 0,4609 155045 3,815 60 0,3030 1519,05 3,545
80 0,4756 1573,66 3,882 70 0,3135 1543,01 3,616
90 0,4902 1596,90 3,947 80 0,3240 1566,90 3,684
100 0,5047 1620,20 4,010 90 0,3343 1590,74 3,751
110 0,5191 1643,57 4,072 100 0,3445 1614,59 3,816
120 0,5334 1667,02 4,132 110 0,3546 1638,44 3,878
130 0,5477 1690,56 4,191 120 0,3647 1662,33 3,940
140 0,5620 1714,19 4,249 130 00,3746 1686,26 4,000
150 0,5761 1737,92 4,306 140 0,3846 1710,26 4,059
160 0,5902 1761,75 4,362 150 10,3944 173432 4,116
170 0,6043 1785,70 4,416 160 0,4043 175845 4,173
180 0,6184 1809,75 4,470 170 04141 1782,66 4,228
190 0,6324 183391 4,523 180 0,4238 180697 4,282
200 0,6464 1858,19 4,574 190 0,4335 1831,36 4,336
t=0 p=4,3017 200 10,4432 1855,85 4,388
0 0,2873 1379,14 3,167 t=10 p=6,1635
5 0,2972 1391,59 3,211 10 0,2036 1387,23 3,034
10 0,3012 1403,92 3,255 15 0,2088 1400,46 3,080
15 0,3060 1416,15 3,298 20 0,2139 1413,51 3,126
20 10,3148 142829 3,340 25 0,2189 1426,41 3,169
25 10,3214 1440,35 3,381 30 0,2238 1439,18 3,212
30 0,3280 1452,34 3,421 35 0,2287 1451,84 3,253
35 0,3345 146429 3,460 40 10,2334 1464,40 3,293
40 10,3410 1470,17 3,498 45 0,2382 1476,88 3,333
45 00,3474 1488,05 3,536 50 0,2428 1489,28 3,372
50 0,3538 1499,88 3,572 55 0,2475 1501,62 3,410
60 03604 152348 3,644 60 02521 151391 3,447
70 03788 1547,02 3,714 70 0,2611 1538,36 3,519
80 03912 1570,54 3,782 80 0,2700 1562,68 3,589
90 0,4034 1594,06 3,847 90 0,2788 158691 3,656
100 04155 1617,61 30911 100 0,2875 1611,10 3,722
110 04275 1641,20 3,974 110 0,2961 163526 3,786
120 0,4394 1664,85 4,035 120 0,3046 1659,42 3,848
130 0,4513 1688,57 4,094 130 0,3131 1683,60 3,909
140 04632 1712,37 4,152 140 0,3215 1707,82 3,968
150 04749 1736,25 4,210 150 0,3299 1732,08 4,026
160 0,4867 176022 4,266 160 0,3382 1756,40 4,083
170 00,4984 1784,29 47321 170 0,3464 1780,79 4,139
180 0,5100 1808,46 4,374 180 0,3547 1805,25 4,194
190 0,5216 1832,73 4,427 190 0,3628 1829,78 4,247
200 10,5332 1857,10 4,480 200 0,3710 1854,40 4,300
t=5 p=5,1679 t=15 p=7,3007
5 02411 138345 3,099 15 0,1730 1390,44 2971
10 02471 1396,28 3,145 20 0,1775 1404,12 3,018
15 0,2530 140895 3,189 25 0,1819 1417,59 3,064

Thu vien DH SPKT TP. HCM -/Aftp://www.thuvienspkt.edu.vn



Truong DH SPKT TP. HCM Ky thudt lanh http://www.hcmute.edu.vn
30 0,1862 1430,88 3,108 50 10,1435 1466,14 3,077
35 0,1905 144401 3,151 55 0,1466 1479,73 3,119
40 10,1947 1457,00 3,192 60 0,1497 1493,17 3,160
45 0,1988 1469,88 3,233 65 0,1528 1506,49 3,199
50 0,2029 1482,00 3,273 70 0,1558 1519,70 3,238
55 0,2069 149534 3,312 80 0,1617 1545,82 3,313
60 0,2109 150795 3,350 90 0,1674 1571,64 3,385
70 0,2187 153298 3,424 100 0,1731 1597,23 3,455
80 0,2264 1557,81 3,496 110 0,1787 1622,64 3,522
90 0,2340 1582,49 3,564 120 0,1841 164791 3,587
100 0,2414 1607,08 3,631 130 0,1896 1673,10 3,650
110 0,2488 1631,60 3,696 140 0,1949 169821 3,712
120  0,2561 1656,08 3,759 150 0,2002 1723,29 3,772
130 0,2634 1680,55 3,821 160 0,2054 1748,35 3,830
140 0,2705 1705,03 3,881 170 0,2106 1773,41 3,888
150 0,2776 1729,52 3,939 180 0,2158 1798,48 3,944
160 0,2847 1754,06 3,996 190 0,2210 1823,57 3,998
170 00,2918 1778,64 4,053 200 0,2260 1848,70 4,052
180 0,2987 1803,28 4,108 t=30 p=11,690
190 0,3057 1827,97 4,162 30 0,1039 1396,56 2,789
200 0,3126 185274 4,214 35 0,1124 1411,88 2,839
t=20 p=28,5922 40 0,1155 1426,84 2,887
20 10,1477 1393,08 2,909 45 °0,1184 1441,51 2,934
25 0,1517 1407,25 2,957 50 0,1213 145592 2979
30 0,1555 1421,18 3,003 55 0,1241 1470,10 3,022
35 0,1593 1434,89 3,048 60 0,1269 1484,09 3,064
40 0,1630 144841 3,092 65 0,1296 149790 3,106
45 0,1667 1461,77 3,134 70 0,1323 1511,57 3,146
50 0,1703 147499 3,175 75 0,1349 1525,10 3,185
55 0,1738 1488,09 3,215 80 0,1375 1538,52 3,223
60 0,1773 1501,08 3,255 90 0,1426 1565,05 3,297
65 00,1808 151398 3,293 100 0,1476 1591,26 3,369
70 0,1842 1526,79 3,331 110 0,1525 1617,22 3,437
80 0,1909 1552,22 3,404 120 0,1573 1642,98 3,504
90 0,1974 1577,43 3474 130 0,1621 1668,60 3,568
100 0,2039 1602,28 3,542 140 0,1667 1694,11 3,630
110 0,2103 1627,41 3,608 150 0,1714 1719,54 3,691
120 0,2166 1652,26 3,672 160 0,1759 174492 3,751
130 0,2228 1677,06 3,734 170 0,1804 1770,27 3,808
140 0,2290 1701,84 3,795 180 0,1849 1795,60 3,865
150 0,2351 1720,61 3,854 190 0,1894 1820,94 3,920
160 0,2412 1751,39 3,912 200 10,1938 1846,28 3,974
170 0,2472 1776,19 3,969 t=35 p=13,525
180 10,2532 1801,03 4,024 35 0,0946 1397,38 2,731
190 0,2592 182591 4,079 40 10,0974 1413,35 2,782
200 0,2651 1850,85 4,132 45 0,1002 142890 2,831
t=25 p=10,051 50 0,1028 1444,11 2,879
25 0,1268 1395,12 2,848 55 0,1054 1459,01 2,925
30 0,1303 1409,84 2,897 60 0,1079 1473,66 2,969
35 0,1337 142426 2,945 65 0,1103 1488,07 3,012
40 10,1370 1438,43 2,990 70 0,1128 1502,28 3,054
45 0,1403 1452,38 3,034 75 0,1151 1516,32 3,094
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80 0,1174 1530,20 3,134 150 0,1104 1705,28 3,459
90 0,1220 1557,56 3,210 160 0,1136 1731,89 3,521
100 0,1264 1584,50 3,283 170 0,1166 175835 3,582
110 0,1308 1611,09 3,354 180 0,1197 1784,69 3,641
120 0,1350 1637,42 3,422 190 0,1227 1810,94 3,698
130 10,1392 1663,54 3,487 200 00,1257 1837,12 3,751
140 10,1433 1689,49 3,551 t=50 p=20,338
150 0,1474 1715,38 3,612 50 10,0628 139592 2,561
160 0,1504 1741,06 3,673 55 0,0649 1414,25 2,617
170 0,1553 1766,74 3,731 60 0,0669 1431,92 2,670
180 0,1593 1792,36 3,788 65 0,0689 1449,02 2,721
190 0,1632 1817,97 3,844 70 0,0708 1465,65 2,770
200 0,1670 1843,56 3,889 75 0,0726 1481,87 2,817
t=40 p=15,527 80 0,0744 1497,74 2,862
40 0,08227 1397,55 2,673 85 0,0761 1513,30 2,906
45 0,0848 1414,24 2,726 90 10,0778 1528,59 2,948
50 0,08725 1430,44 2,777 95 0,0795 1543,65 2,990
55 0,08962 1446,23 2,825 100 0,0811 1558,50 3,030
60 0,09192 1461,67 2,872 110 0,0843 1587,65 3,107
65 0,09417 1476,8 2,917 120 0,0874 1616,21 3,180
70 0,09637 1491,67 2,961 130 0,0903 1644,29 3,251
75 0,09852 1506,3 3,003 140 0,0933  1671,98 3,319
80 0,1006 1520,74 3,044 150 0,0961 1699,36 3,384
85 10,1027 1534,99 3,084 160 0,0989 1726,49 3,448
90 0,1047 1549,08 3,123 170 0,1017 1753,42 3,509
100 0,1087 1576,85 3,199 180 0,1044 1780,18 3,569
110 0,1126 1604,18 3,271 190 0,1071 1806,81 3,627
120 0,1164 1631,15 3,34 200 0,1098 1833,34 3,684
130 0,1201 1657,84 3,408 t=55 p=23,098
140 0,1237 1684,3 3,472 55 0,0551 1394,06 2,505
150 0,1273 1710,5 3,535 60 0,0571 1413,34 2,563
160 0,1308 1730,73 3,596 65 0,0589 1431,83 2,618
170 0,1343 1762,78 3,656 70 0,0607 1449,67 2,671
180 10,1378 1788,74 3,714 75 0,0624 1466,96 2,721
190 0,1412 1814,65 3,770 80 10,0641 1483,79 2,769
200 0,1446 1840,52 3,786 85 0,0657 1500,20 2,815
t=45 p=17,874 90 0,0673 1516,27 2,860
45 0,07177 1397,08 2,617 95 10,0688 1532,04 2,903
50 0,07407 1414,55 2,671 100 0,0703 1547,53 2,944
55 0,07629 143145 2,723 110 0,0732 1577,82 3,025
60 0,07844 144787 2,773 120 0,0760 1607,36 3,101
65 0,08051 1463,88 2,82 130 0,0787 1636,29 3,173
70 0,08254 1479,54 2,866 140 0,0813 1664,73 3,243
75 0,08451 1494,89 2911 150 10,0840 1692,77 3,310
80 0,08643 1509,98 2,954 160 0,0865 1720,49 3,375
85 0,08832 1524,83 2,996 170 0,0890 1747,94 3,438
90 0,09017 1539,47 3,036 180 0,0914 1775,17 3,498
100 0,09377 1568,22 3,114 190 0,0931 1802,23 3,557
110 0,09726 1596,4 3,189 200 0,0962 1829,15 3,615
120 0,1007 1624,11 3,26 t=60 p=26,127
130 0,104 1651,44 3,329 60 10,0485 1391,47 2,450
140 0,1072 1678,48 3,395 65 0,0503 1411,79 2,510
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70 0,0520 1431,19
75 0,0537 144983
80 0,0552 1467,83
85 10,0568 1485,29
90 0,0582 1502,29
95 0,0597 1518,90
100 0,0610 1535,15
105 0,0624 1551,10
110 0,0637 1566,79
120 0,0663 1597,46
130 0,0688 1627,36
140 0,0712  1656,65
150 0,0736 1685,44
160 0,0758 1713,82
170 0,0781 1741,86
180 0,0803 1769,62
190 0,0824 1797,16
200 0,0846 1824,50
t=65 p=29445

65 10,0428 1388,11
70 0,0445 1409,59
75 0,0461 1429,97
80 0,0476 144946
85 10,0490 1468,23
90 0,0504 148638
95 0,0518 1504,00
100 0,0531 1521,17
105 0,0543  1537,95
110 0,0556 1554,38
120  0,0580 1586,38
130 0,0602 1617,40
140 0,0624 1647,66
150 0,0646 1677,30
160  0,0667 170642
170 0,0687 1735,12
180 0,0707 1763,48
190 0,0727 1791,55
200 0,0746 1819,37
t=70 p=33,068

70 0,0378 1383,93
75 0,0394 1406,68
80 0,0409 1428,15
85 10,0423 1448,58
90 0,0436 1468,16
95 10,0449 1487,04

100 0,0461 1505,32
105 0,0473  1523,09
110 0,0485 154042

115 0,0496 1557,36
120 0,0507 1573,96
130 0,0528 1606,29
140 0,0549 1637,66

2,567
2,621
2,673
2,722
2,769
2,814
2,858
2,901
2,942
3,021
3,096
3,168
3,237
3,303
3,367
3,429
3,489
3,547

2,395
2,458
2,517
2,572
2,625
2,676
2,724
2,770
2,815
2,858
2,940
3,018
3,092
3,163
3,231
3,297
3,360
3,421
3,481

2,340
2,406
2,467
2,524
2,579
2,630
2,680
2,727
2,772
2,816
2,859
2,940
3,017

150 0,0569 1668,26
160 0,0588 1698,23
170 0,0606 1727,68
180 0,0624 1756,69
190 0,0642 1785,35
200 10,0660 1813,71
t=75 p=37,016

75 0,0335 1378,85
80 0,0350 1403,05
85 10,0363 1425,70
90 0,0376 1447,14
95 10,0380 1467,61
100  0,0401 1487,27
105 0,0412 1506,25
110 0,0423 1524,66
115 0,0434 1542,56
120 0,0444 1560,03
130  0,0464 1593,88
140 0,0483 1626,54
150 0,0502 165824
160 0,0519 1689,16
170 0,0536  1719,44
180 0,0553 1749,20
190 0,0569 1778,52
200 10,0585 1807,48
t=80 p=41,309

80 10,0296 1372,80
85 10,0311 1398,62
90 10,0324 1422,58
95 0,0336 1445,13
100 0,0348 1466,55
105 0,0359 1487,04
110 0,0369 1506,77
115 0,0379 1525,85
120 0,0389 1544,36
125 0,0399 1562,40
130  0,0408 1580,00
140 0,0426 1614,15
150 0,0443 1647,11
160 0,0459 1679,11
170 0,0475 1710,35
180 0,0490 1740,94
190 0,0505 1771,00
200 10,0520 1800,61
t=85 p=45,968

85 10,0263 1365,66
90 10,0276 1393,32
95 10,0289 1418,75
100 0,0300 1442,51

105 0,0311 1464,96
110 0,0322 1486,35
115 0,0331 1506,87

3,090
3,160
3,227
3,292
3,355
3,415

2,285
2,354
2,417
2,477
2,533
2,586
2,636
2,685
2,731
2,776
2,861
2,941
3,017
3,089
3,158
3,224
3,288
3,350

2,229
2,301
2,368
2,430
2,487
2,542
2,594
2,643
2,690
2,736
2,780
2,889
2,942
3,017
3,089
3,157
3,222
3,286

2,172

2,249

2,318
2,382
2,442
2,498
2,552
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120 0,0341 1526,66 2,602 160 0,0407 1667,99 2,945
125 0,0350 1545,82 2,651 170 0,0422 1700,29 3,019
130 0,0359 1564,44 2,697 180 0,0436 1731,82 3,089
140 0,0376 1600,32 2,785 190 0,0450 1762,71 3,157
150 10,0392 1634,74 2,868 200 10,0463 1793,06 3,222
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BANG 3: BANG HOI BAO HOA R12

T p \ V" h' h" r s' s"
°C bar dm’/kg | dm’/kg | kl/kg kl/kg | klkg | kI/(kg.°C) | kl/(kg.°C)
-70 0,1227 | 0,6248 1128,7 137,73 | 319,79 | 182,06 | 0,7379 1,6341
-69 0,1309 | 0,6259 1063,1 138,59 | 320,26 | 181,07 | 0,7421 1,6321
-68 0,1395 | 0,6269 | 1002,0 | 139,45 | 320,73 | 181,28 | 0,7463 1,6300
-67 0,1485 | 0,6280 | 945,1 140,31 | 321,21 180,90 | 0,7505 1,6281
-66 0,1580 | 0,6290 | 892,0 141,17 | 321,68 | 180,51 | 0,7547 1,6261
-65 0,1681 | 0,6301 | 842,50 | 142,04 | 322,10 | 180,12 | 0,7588 1,6242
-64 0,1786 | 0,6311 790,22 142,90 | 322,63 | 179,73 | 0,7630 1,6224
-63 0,1897 | 0,6322 | 752,95 143,77 | 323,11 | 179,34 | 0,7671 1,6205
-62 0,2013 | 0,6333 | 712,49 144,63 | 323,58 | 178,95 | 0,7712 1,6187
-61 0,2135 | 0,6344 | 674,61 145,50 | 324,06 | 178,50 | 0,7753 1,6170
-60 0,2263 | 0,6355 | 639,13 146,36 | 324,53 | 178,17 | 0,7793 1,6153
-59 0,2397 | 0,6366 | 605,88 147,23 | 325,01 | 177,78 | 0,7834 1,6136
-58 0,2537 | 0,6377 | 574,70 148,09 | 325,48 | 177,39 | 0,7874 1,6120
-57 0,2684 | 0,6388 | 545,43 148,96 | 32590 | 177,00 | 0,7914 1,6104
-56 0,2838 | 0,6399 | 517,94 149,84 | 326,44 | 170,00 | 0,7955 1,6088
-55 0,2999 | 0,6410 |492,11 150,71 | 326,92 | 176,21 | 0,7995 1,6073
-54 0,3167 | 0,6421 | 467,83 151,57 | 327,39 | 175,82 | 0,8034 1,6058
-53 0,3342 | 0,6433 | 444,98 152,45 | 327,87 175,42 | 0,8074 1,6043
-52 0,3525 | 0,6444 | 423,47 153,32 | 328,35 | 175,03 |0,8113 1,6028
-51 0,3717 | 0,6456 | 403,21 154,19 | 328,82 | 17403 0,8153 1,6014
-50 0,3916 | 0,6467 | 384,11 155,06 | 329,30 | 174,24 | 0,8192 1,6001
-49 0,4124 | 0,6479 | 360,10 155,94 | 329,78 | 173,84 | 0,8231 1,5987
-48 0,4341 | 0,6491 | 349,11 156,82 | 330,20 | 173,44 | 0,8270 1,5974
-47 0,4566 | 0,6503 | 333,00 157,69 | 330,73 | 173,04 | 0,8309 1,5961
-46 0,4801 | 0,6514 |31791 158,57 | 331,21 172,04 | 0,8347 1,5948
-45 0,5045 | 0,6526 | 303,59 159,45 | 331,69 | 172,24 | 0,8380 1,5930
-44 0,5300 | 0,6538 | 290,04 160,32 | 332,10 | 171,84 | 0,8424 1,5924
-43 0,5564 | 0,6551 | 277,23 161,20 | 332,64 | 171,44 | 0,8462 1,5912
-42 0,5838 | 0,6563 | 265,09 162,09 | 333,12 | 171,03 | 0,8500 1,5900
-41 0,6124 | 0,6575 | 253,00 162,90 | 333,59 | 170,03 | 0,8538 1,5889
-40 0,6420 | 0,6587 | 242,72 163,85 | 334,07 | 170,22 | 0,8576 1,5878
-39 0,6727 | 0,6600 |232,39 164,73 | 334,54 | 109,81 | 0,8614 1,5867
-38 0,7046 | 0,6612 | 222,00 165,02 | 335,02 | 109,40 | 0,8652 1,5856
-37 0,7376 | 0,6625 | 213,31 166,50 | 335,49 | 108,99 | 0,8689 1,5846
-36 0,7719 | 0,6638 | 204,49 167,39 | 335,97 | 168,58 | 0,8726 1,5830
-35 0,8074 | 0,6650 190,11 168,27 | 336,44 | 168,17 | 0,8763 1,5820
-34 0,8441 | 0,6663 188,15 169,10 | 336,91 107,75 | 0,8801 1,5816
-33 0,8822 | 0,6676 | 180,58 170,05 | 337,39 | 107,34 | 0,8837 1,5800
-32 0,9216 | 0,6689 173,38 170,94 | 337,80 | 100,92 | 0,8874 1,5797
-31 0,9624 | 0,6702 166,53 171,83 | 338,33 | 100,50 | 0,8911 1,5788
-30 1,0045 | 0,6716 | 160,01 172,72 | 338,80 | 166,08 | 0,8948 1,5779
-29 1,0481 | 0,6729 153,80 173,61 | 339,27 | 165,66 | 0,8984 1,5770
-28 1,0932 | 0,6742 147,88 174,51 | 339,74 | 165,23 | 0,9021 1,5762
=27 1,1397 | 0,6756 | 142,24 | 175,40 | 340,21 | 164,81 | 0,9057 1,5753
-26 1,1878 | 0,6770 136,86 176,30 | 340,68 | 164,38 | 0,9093 1,5745
-25 1,2374 | 0,6783 | 131,72 177,20 | 341,15 | 163,95 | 0,9120 1,5737
-24 1,2886 | 0,6797 | 126,83 178,10 | 341,62 | 163,52 | 0,9165 1,5729
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-23 1,3415 [0,6811 | 122,15 |178,99 |342,08 |163,09 | 0,9201 1,5721
-22 1,3960 | 0,6825 | 117,68 | 179,90 | 342,55 | 162,65 | 0,9237 1,5714
-21 1,4522 10,6839 | 113,42 | 180,79 | 343,01 |162,22 | 0,9273 1,5707
-20 1,5101 | 0,6853 | 109,34 | 181,70 | 343,48 | 161,78 | 0,9308 1,5699
-19 1,5698 | 0,6868 | 105,44 | 182,60 |343,94 | 161,34 | 0,9344 1,5692
-18 1,6313 | 0,6882 | 101,71 | 183,51 | 344,40 | 160,89 | 0,9379 1,5686
-17 1,6947 | 0,6897 | 98,14 184,41 | 344,86 | 160,45 | 0,9414 1,5679
-16 1,7599 10,6911 | 94,72 185,32 | 345,32 160,00 | 0,9450 1,5672
-15 1,8270 10,6926 |91,45 186,23 | 345,78 | 159,55 | 0,9485 1,5666
-14 1,8961 |0,6941 | 88,31 187,14 | 346,24 | 159,10 | 0,9520 1,5660
-13 1,9672 ] 0,6956 | 85,31 188,05 | 346,70 | 158,65 | 0,9554 1,5653
-12 2,0403 | 0,6971 | 82,43 188,97 | 347,16 | 158,19 | 0,9589 1,5647
-11 2,1154 | 0,6986 | 79,67 189,87 | 347,61 | 157,74 | 0,9624 1,5642
-10 2,1927 | 0,7002 | 77,02 190,78 | 348,06 | 157,28 | 0,9658 1,5636
-9 2,2720 | 0,7017 | 74,48 191,71 | 348,52 | 156,81 | 0,9693 1,5630
-8 2,3536 | 0,7033 | 72,04 192,62 | 348,97 | 156,35 | 0,9727 1,5625
-7 2,4374 10,7049 | 69,70 193,54 | 349,42 | 155,88 | 0,9762 1,5619
-6 2,5234 10,7064 | 67,45 194,46 | 349,87 | 155,41 |0,9796 1,5614
-5 2,6117 [0,7081 | 65,29 195,38 |350,32 | 154,94 | 0,9830 1,5609
-4 2,7023 10,7097 | 63,21 196,30 | 350,76 | 154,46 | 0,9864 1,5604
-3 2,7953 [ 0,7113 | 61,22 197,22 | 351,21 | 153,99 | 0,9898 1,5599
-2 2,8907 | 0,7129 | 59,30 198,14 | 351,65 | 153,51 | 0,9932 1,5594

1
—

2,9886 | 0,7146 | 57,45 199,08 352,10 | 153,02 | 0,9966 1,5589

0 3,0889 | 0,7163 | 55,678 | 200,00 | 352,54 | 152,54 | 1,0000 1,5585
1 3,1918 | 0,7180 | 53,968 | 200,93 | 352,98 |152,05 | 1,0033 1,5580
2 3,2973 | 0,7197 | 52,321 | 201,85 | 353,41 | 151,56 | 1,0067 1,5576
3 3,4053 | 0,7214 | 50,735 | 202,79 | 353,85 | 151,06 | 1,0100 1,5571
4 3,5160 | 0,7231 49,208 | 203,73 | 354,29 |150,56 | 1,0134 1,5567
5 3,6294 | 0,7249 | 47,736 | 204,66 | 354,72 | 150,06 | 1,0167 1,5563
6 3,7456 | 0,7266 | 46,317 | 205,59 | 355,15 |149,56 | 1,0200 1,5559
7 3,8645 | 0,7284 | 44,950 | 206,53 | 355,58 |149,05 | 1,0234 1,5555
8 3,9862 | 0,7302 | 43,631 |207,47 |356,01 | 148,54 | 1,0267 1,5551
9 4,1108 | 0,7320 | 42,358 | 208,42 | 356,44 | 148,02 | 1,0300 1,5547
10 4,2383 | 0,7338 | 41,131 | 209,35 | 356,86 | 147,51 | 1,0333 1,5543
11 4,3688 | 0,7357 |39,946 | 210,30 | 357,29 | 146,99 | 1,0366 1,5539
12 4,5022 | 0,7376 | 38,802 | 211,25 |357,71 | 146,46 | 1,0399 1,5536
13 4,6386 | 0,7395 | 37,698 |212,20 | 358,13 | 145,93 | 1,0432 1,5532
14 4,7782 10,7414 36,632 | 213,14 | 358,54 | 145,40 | 1,0465 1,5529
15 4,9208 |0,7433 | 35,601 | 214,09 | 358,96 | 144,87 | 1,0497 1,5525
16 5,0667 | 0,7452 | 34,605 | 215,04 | 359,37 |144,33 | 1,0530 1,5522
17 5,2157 10,7472 | 33,643 | 216,01 | 359,79 | 143,78 | 1,0563 1,5519
18 5,3680 | 0,7492 | 32,712 | 216,97 | 360,20 | 143,23 | 1,0595 1,5515
19 5,5235 10,7512 | 31,813 | 217,92 | 360,60 | 142,68 | 1,0628 1,5512
20 5,6824 | 0,7532 | 30942 | 218,88 | 361,01 |142,13 | 1,0660 1,5509
21 5,8447 10,7552 {30,100 | 219,84 | 361,41 |141,57 | 1,0692 1,5506
22 6,0105 | 0,7573 |29,286 | 220,81 |361,81 | 141,00 | 1,0725 1,5503
23 6,1797 10,7594 | 28,497 | 221,78 | 362,21 | 140,43 | 1,0757 1,5500
24 6,3524 | 0,7615 | 27,732 | 222,75 | 362,61 |139,86 | 1,0789 1,5497
25 6,528 0,7637 126,934 |223,72 |363,00 |139,28 | 1,0822 1,5494
26 6,708 0,7658 126,278 | 224,70 | 363,40 | 138,70 | 1,0854 1,5491
27 6,892 0,7680 | 25,584 | 225,68 |363,79 | 138,11 | 1,0886 1,5488
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28 7,079 0,7702 24,912 | 226,65 |364,17 |137,52 | 1,0918 1,5485
29 7,270 0,7724 | 24,260 | 227,64 | 364,56 | 136,92 | 1,0950 1,5482
30 7,465 0,7747 | 23,629 | 228,62 | 364,94 | 136,32 | 1,0982 1,5479
31 7,664 0,7770 | 23,016 | 229,61 | 36532 | 135,71 | 1,1014 1,5477
32 7,866 0,7793 | 22,422 | 230,59 | 365,69 | 135,10 | 1,1046 1,5474
33 8,073 0,7817 | 21,846 | 231,59 | 366,07 | 134,48 | 1,1078 1,5471
34 8,283 0,7840 | 21,287 | 232,59 | 366,44 | 133,86 | 1,1110 1,5468
35 8,498 0,7864 | 20,745 | 233,59 |366,81 |133,22 | 1,1142 1,5466
36 8,717 0,7889 120,218 | 234,58 |367,17 |132,59 |1,1174 1,5463
37 8,939 0,7913 119,707 | 235,59 |367,53 | 131,94 | 1,1206 1,5460
38 9,166 0,7938 | 19,211 | 236,60 |367,89 |131,29 | 11,1238 1,5458
39 9,398 0,7963 | 18,729 | 237,61 | 368,25 | 130,64 | 1,1269 1,5455
40 9,633 0,7989 | 18,261 | 238,62 | 368,60 | 129,98 | 1,1301 1,5452
41 9,873 0,8015 |17,806 | 239,64 |368,95 |129,31 | 1,1333 1,5450
42 10,117 | 0,8041 | 17,364 | 240,66 | 369,29 | 128,63 | 1,1365 1,5447
43 10,366 | 0,8068 | 16,934 | 241,69 | 369,64 | 127,95 | 1,1397 1,5444
44 10,619 | 0,8095 | 16,516 |242,771 |369,97 | 127,26 | 1,1428 1,5442
45 10,877 10,8122 | 16,110 |243,75 | 370,31 | 126,56 | 1,1460 1,5439
46 11,139 10,8150 | 15,715 |244,78 | 370,64 |125,86 | 1,1492 1,5436
47 11,406 | 0,8178 | 15,331 | 245,82 |370,97 | 125,15 | 1,1524 1,5433
48 11,678 |0,8207 | 14,957 |246,86 | 371,29 |124,43 | 1,1556 1,5431
49 11,955 |0,8236 | 14,593 | 24791 |371,61 123,70 | 1,1588 1,5428
50 12,236 | 0,8265 | 14,239 | 248,96 371,92 | 122,96 | 1,1619 1,5425
51 12,522 10,8295 | 13,894 |250,02 |372,24 |122,22 | 1,1651 1,5422
52 12,813 | 0,8326 | 13,559 | 251,08 |372,54 |121,46 | 1,1683 1,5419
53 13,109 | 0,8357 | 13,232 | 252,14 | 372,84 | 120,70 | 1,1715 1,5417
54 13,410 | 0,8388 | 12,913 | 253,22 | 373,14 | 119,92 | 1,1747 1,5414
55 13,716 | 0,8420 | 12,603 | 254,30 | 373,44 |119,14 | 1,1779 1,5411
56 14,028 |0,8452 | 12,301 | 255,37 |373,72 | 118,35 | 1,181l 1,5408
57 14,344 10,8485 | 12,007 | 256,46 |374,01 |117,55 | 1,1843 1,5405
58 14,666 | 0,8519 | 11,720 | 257,55 |374,28 |116,73 | 1,1876 1,5401
59 14,993 | 0,8553 | 11,440 | 258,65 |374,56 | 11591 | 1,1908 1,5398
60 15,325 | 0,8588 | 11,167 | 259,75 | 374,82 | 115,07 | 1,1940 1,5395
61 15,663 | 0,8623 | 10,901 | 260,86 | 375,09 | 114,23 | 1,1973 1,5392
62 16,006 | 0,8659 | 10,641 |261,97 |37534 | 113,37 | 1,2005 1,5388
63 16,355 | 0,8696 | 10,388 | 263,09 | 375,59 | 112,50 | 1,2037 1,5385
64 16,709 | 0,8733 | 10,141 | 264,22 | 375,84 | 111,62 | 1,2070 1,5381
65 17,070 | 0,8771 |9,899 265,35 [376,07 | 110,72 |1,2103 1,5376
66 17,435 10,8810 | 9,664 266,50 |376,31 |109,81 | 1,2135 1,5374
67 17,807 | 0,8850 |9,434 267,64 376,53 | 108,89 | 1,2168 1,5370
68 18,184 | 0,8890 | 9,209 268,80 |376,75 |107,95 | 1,2201 1,5366
69 18,568 | 0,8932 | 8,990 269,96 | 376,96 | 107,00 | 1,2234 1,5362
70 18,957 10,8974 | 8,775 271,13 | 377,16 | 106,03 | 1,2267 1,5358
71 19,352 | 0,9017 | 8,565 272,31 | 377,36 | 105,05 | 1,2301 1,5354
72 19,753 | 0,9061 | 8,361 273,49 | 377,54 | 104,05 | 1,2334 1,5349
73 20,161 | 0,9107 | 8,160 274,69 | 377,772 | 103,03 | 1,2368 1,5345
74 20,575 | 09153 | 7,964 275,89 | 377,89 | 102,00 | 1,2401 1,5340
75 20,995 | 0,9200 |7,7733 | 277,11 | 378,06 | 100,95 | 1,2435 1,5335
76 21,421 10,9249 |7,5858 | 278,33 | 378,21 |99,88 1,2469 1,5330
77 21,854 10,9299 |7,4023 |279,56 | 378,35 |98,79 1,2503 1,5325
78 22,293 10,9350 | 7,2227 |280,80 | 378,48 |97,68 1,2537 1,5319

Thu vien DH SPKT TP. HCM -&2tp://www.thuvienspkt.edu.vn



Truong DH SPKT TP. HCM Ky thudt lanh http://www.hcmute.edu.vn

79 22,738 10,9403 | 7,0468 | 282,06 | 378,60 |96,54 1,2572 1,5314
80 23,191 | 0,9457 |6,8746 | 283,33 | 378,72 | 95,39 1,2606 1,5308
81 23,650 | 0,9513 | 6,7058 | 284,60 | 378,81 |94,21 1,2641 1,5302
82 24,115 | 0,9570 | 6,5403 | 285,89 | 378,90 | 93,01 1,2676 1,5296
83 24,588 10,9629 |6,3781 | 287,20 | 378,98 | 91,78 1,2712 1,5289
84 25,067 |0,9690 |6,2191 | 288,52 | 379,04 |90,52 1,2747 1,5283
85 25,553 | 0,9753 | 6,0630 | 289,84 | 379,08 | 89,24 1,2783 1,5276
86 26,047 10,9818 |5,9099 |291,19 |379,12 | 87,93 1,2819 1,5268
87 26,547 [0,9885 |5,7595 292,55 | 379,13 | 86,58 1,2856 1,5261
88 27,055 10,9955 |5,6117 293,93 |379,13 |85,20 1,2893 1,5253
89 27,569 | 1,0027 |5,4665 | 295,33 |379,12 | 83,79 1,2930 1,5244
90 28,091 | 1,0103 |5,3237 | 296,74 | 379,08 | 82,34 1,2967 1,5235
91 28,621 | 1,0181 |5,1832 | 298,17 | 379,02 | 80,85 1,3005 1,5226
92 29,157 | 1,0263 |5,0449 | 299,63 | 378,95 | 79,32 1,3044 1,5217
93 29,702 | 1,0349 | 4,9086 | 301,10 |378,84 | 77,74 1,3083 1,5206
94 30,254 | 1,0438 | 4,7742 | 302,61 | 378,72 | 76,11 1,3122 1,5196
95 30,813 | 1,0533 | 4,6415 | 304,14 | 378,57 | 74,43 1,3162 1,5184
96 31,381 | 1,0632 |4,5105 | 305,69 |378,38 |72,69 1,3203 1,5172
97 31,950 | 1,0737 [4,3809 |307,29 | 378,17 |70,88 1,3244 1,5160
98 32,539 | 1,0848 |4,2525 | 308,91 |377,92 |69,01 1,3286 1,5146
99 33,130 | 1,0966 |4,1251 | 310,57 | 377,63 | 67,00 1,3329 1,5132
100 33,729 | 1,1092 | 3,9986 | 312,28 | 377,30 | 65,02 1,3373 1,5116
101 34,336 | 1,1228 | 3,8725 | 314,04 376,92 | 62,88 1,3418 1,5100
102 34,951 | 1,1375 |3,7466 | 315,85 | 376,48 | 60,63 1,3465 1,5082
103 35,575 | 1,1536 | 3,6205 | 317,71 | 375,97 | 58,26 1,3513 1,5062
104 36,207 | 1,1712 | 3,4935 | 319,07 | 375,39 | 55,72 1,3563 1,5041
105 36,848 | 1,1908 | 3,3651 | 321,70 | 374,71 | 53,01 1,3614 1,5017
106 37,497 | 1,2129 ]3,2342 | 323,85 | 373,92 |50,07 1,3669 1,4990
107 38,154 | 1,2384 |3,0994 | 326,14 | 372,97 |40,83 1,3727 1,4960
108 38,821 | 1,2685 [2,9584 |328,03 |371,83 |43,20 1,3791 1,4925
109 39,490 | 1,3050 |2,8075 |331,40 | 370,40 |39,00 1,3861 1,4882
110 40,180 | 1,3540 |2,6388 |334,62 | 368,49 | 33,87 1,3943 1,4827
111 40,873 | 1,4295 | 2,4303 | 338,78 | 365,59 | 20,81 1,4048 1,4747
112,0 141,575 | 1,7921 |1,7921 | 351,71 | 351,71 |0,00 1,4382 1,4382
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BANG 4: BANG HOI QUA NHIET R12

t % h S

(°C) (m’/kg) (kI/kg) (kJ/(kg.°K))
[p] = bar

t=-65 p=0,168 -5 609,7 35437 1,7204
65 8425 322,16  1,6242 0 6214 35726  1,7310
60 8634 324,69  1,6362 5 6331 360,18 17416
55 8843 327,26  1,6482 10 644,77 363,13  1,7521
50 9054 329,86 1,6599 15 6564 366,10 1,7625
45 9259 33249 16716 20 6680 369,00 1,7728
40 946,7 33515  1,6831 25 6796 372,11 11,7830
35 967,5 337,84 1,6946 t=-50 p=0,391
30 9883 340,56 1,7059 50 384,1 329,30  1,6000
25 1009,0 34331  1,7170 45 3932 331,96  1,6118
20 1029,7 346,09  1,7281 40 4024 334,65  1,6235
.15 1050,4 348,89  1,7391 35 4115 337,36 1,6350
-10 1071,1 351,73 11,7500 30 420,6 340,10 1,6464
5 10918 354,58 11,7607 25 4296 342,87  1,6577
0 11124 35747 17714 20 4387 345,67  1,6688
5 1133,1 360,38  1,7819 215 447,77 34849 1,6799
10 1153,7 363,32 11,7924 210 456,77 351,34 1,6908
15 11743 36628  1,8028 54657 35422 11,7016

t=-60 p=0,226 0 4747 357,12 1,7123
60 639,1 324,53 11,6153 5 483,77 360,04  1,7229
55 6547 327,11 - 1,6272 10 4926 362,99  1,7335
50 670-3 329,72 1,6390 15  501,6 36597 1,7439
45 6859 33236  1,6507 20 510,5 368,97  1,7542
40 7014 335,02  1,6623 25 5195 371,99  1,7644
35 7169 337,72 1,6737 30 5284 375,04 1,7745
30 7324 340,45 1,6851 t=-45 p=0,505
25 7479 34320  1,6963 45 303,59 331,69  1,5936
20 7634 34598 17074 40 310,76 33439  1,6053
215 7788 348,79  1,7184 35 317,91 337,11 1,6168
210 7942 351,63 1,7292 30 325,03 339,87 1,6283
-5 809,6 354,49  1,7400 25 332,14 342,65  1,6396
0 8250 357,38  1,7507 20 339,22 34545  1,6508
5 8404 36029 11,7613 -15 346,29 34829  1,6619
10 8558 36323  1,7718 .10 35334 351,14 1,6728
15 8712 36620 1,7821 5 360,38 354,03 1,6837
20 886,55 369,19  1,7924 0 367,40 356,94  1,6944

550,299 5 37441 35987  1,7051
55 4921 326,92 1,6073 10 381,41 36283  1,7156
50 503,9 329,53 1,6191 15 38840 36581  1,7261
45 5158 332,18 11,6308 20 39538 36881 11,7364
40 5276 334,86 16424 25 40235 371,84 11,7466
35 5394 337,56 1,6539 30 40932 374,89  1,7568
30 551,2 340,29 1,6653 35 41627 37797  1,7669
25 5629 343,05 1,6765 40 0,642
20 5746 34584 1,6876 40 242,72 334,07 1,5878
.15 5864 348,66  1,6987 35 24841 336,81  1,5994
210 5981 351,50 1,7096 30 254,08 339,58 1,6109
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-25 259,73 342,37 1,6223 -30 191,66 339,15 1,5908
-20 265,36 345,19 1,6335 -25 196,04 341,96 1,6023
-15 270,97 348,04 1,6446 -20 200,39 344,80 1,6136
-10 276,57 350,90 1,6556 -15 204,72 347,66 1,6248
-5 282,15 353,80 1,6665 -10 209,04 350,55 1,6359
0 287,72 356,72 1,6773 -5 213,34 353,46 1,6468
5 293,27 359,66 1,6880 0 217,63 356,39 1,6577
10 298,81 362,62 1,6986 5 221,90 359,34 1,6684
15 304,35 365,61 1,7090 10 226,16 362,32 1,6790
20 309,87 368,63 1,7194 15 230,41 365,33 1,6895
25 315,38 371,66 1,7297 20 234,66 368,35 1,6999
30 320,89 374,72 1,7398 25 238,89 371,40 1,7102
35 326,38 377,80 1,7499 30 243,11 374,47 1,7204
40 331,87 380,91 1,7599 35 247,33 377,56 1,7305
-35 0,807 40 251,53 380,67 1,7406
-35 196,11 336,44 1,5825 45 255,73 383,80 1,7505
-30 200,69 339,23 1,5941 -32 0,921
-25 205,25 342,04 1,6056 -32 173,38 337,86 1,5797
-20 209,78 344,87 1,6169 -30 175,00 338,98 1,5843
-15 214,30 347,73 1,6280 -25 179,03 341,80 1,5958
-10 218,80 350,61 1,6391 -20 183,04 344,65 1,6072
-5 223,29 353,52 1,6500 -15 187,04 347,52 1,6184
0 227,776 356,45 1,6609 -10 191,01 350,41 1,6295
5 232,22 359,40 1,6716 -5 194,97 353,33 1,6404
10 236,67 362,38 1,6822 0 198,92 356,26 1,6513
15 241,11 365,38 1,6927 5 202,85 359,22 1,6620
20 245,53 368,40 1,7031 10 206,77 362,21 1,6727
25 249,95 371,45 1,7134 15 210,68 365,21 1,6832
30 25436 374,51 1,7236 20 214,58 368,24 1,6936
35 258,76 377,60 1,7337 25 218,47 371,29 1,7039
40 263,15 380,71 1,7437 30 22235 374,37 1,7142
45 267,54 383,85 1,7536 35 226,22 377,46 1,7243
-30 1,004 40 230,09 380,58 1,7343
-30 160,01 338,80 1,5779 45 233,95 383,72 1,7443
-25 163,73 341,63 1,5894 -30 1,004
-20 167,44 344,49 1,6008 -30 160,01 338,80 1,5779
-15 171,12 347,36 1,6120 -25 163,73 341,63 1,5894
-10 174,79 350,26 1,6231 -20 167,44 344,49 1,6008
-5 178,45 351,18 1,6341 -15 171,12 347,36 1,6120
0 182,09 356,13 1,6450 -10 174,79 350,26 1,6231
5 185,71 359,09 1,6558 -5 178,45 353,18 1,6341
10 189,33 362,08 1,6664 0 182,09 356,13 1,6450
15 192,93 365,10 1,6770 5 185,71 359,09 1,6558
20 196,52 368,13 1,6874 10 189,33 362,08 1,6664
25 200,10 371,19 1,6978 15 192,93 365,40 1,6770
30 203,68 374,26 1,7080 20 196,52 368,13 1,6874
35 207,24 377,36 1,7181 25 200,10 371,19 1,6978
40 210,80 380,48 1,7282 30 203,68 374,26 1,7080
45 214,35 383,62 1,7381 35 207,24 377,36 1,7181
50 217,90 386,78 1,7480 40 210,80 380,48 1,7282
-34 0,844 45 214,35 383,62 1,7381
-34 188,15 336,91 1,5816 50 217,90 386,78 1,7480
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-28 1,093 50 169,12 386,47 1,7302
-28 147,88 339,74 1,5761 55 171,91 389,67 1,7400
-25 149,95 341,45 1,5831 -22 1,396
-20 153,37 344,31 1,5945 -22 117,68 342,55 1,5714
-15 156,79 347,20 1,6058 -20 118,78 343,71 1,5760
-10 160,18 350,10 1,6169 -15 121,52 346,62 1,5874
-5 163,56 353,03 1,6279 -10 124,23 349,55 1,5986
0 166,92 355,98 1,6388 -5 126,93 352,51 1,6097
5 170,27 358,96 1,6496 0 129,62 355,48 1,6207
10 173,60 361,95 1,6603 5 132,29 358,48 1,6316
15 176,93 364,97 1,6709 10 134,95 361,49 1,6423
20 180,25 368,01 1,6813 15 137,59 364,53 1,6530
25 183,55 371,07 1,6917 20 140,23 367,59 1,6635
30 186,85 374,15 1,7019 25 142,86 370,66 1,6739
35 190,14 377,25 1,7121 30 145-47 373,76 1,6842
40 193,42 380,38 1,7221 35 148,08 376,88 1,6944
45 196,69 383,52 1,7321 40 150,68 380,02 1,7045
50 199,96 386,69 1,7420 45 153,27 383,18 1,7145

-26 1,187 50 155,86 386,35 1,7244
-26 136,86 340,68 1,5745 55 158,44 389,55 1,7343
-25 137,50 341,25 1,5768 -20 1,510
-20 140,68 344,13 1,5882 -20 109,34 343,48 1,5699
-15 143,84 346,02 1,5996 -15 111,89 346,40 1,5814
-10 146,98 349,93 1,6107 -10 114,42 349,35 1,5927
-5 150,11 352,87 1,6218 -5 116,94 35231 1,6038
0 153,22 355,83 1,6327 0 119,44 355,29 1,6148
5 156,32 358,81 1,6435 5 121,92 358,30 1,6257
10 159,41 361,81 1,6542 10 124,40 361,32 1,6365
15 162,49 364,83 1,6648 15 126,86 364,36 1,6472
20 165,55 367,88 1,6753 20 129,31 367,43 1,6577
25 168,61 370,94 1,6857 25 131,75 370,51 1,6681
30 171,66 374,03 1,6959 30 134,18 373,61 1,6785
35 174,69 377,14 1,7061 35 136,60 376,74 1,6887
40 177,73 380,27 1,7162 40 139,02 379,88 1,6988
45 180,75 383,41 1,7261 45 141,42 383,04 1,7088
50 183,77 386,58 1,7360 50 143,82 386,23 1,7188

-24 1,288 55 146,22 389,43 1,7286
-24 126,83 341,62 1,5729 60 148,61 392,65 1,7383
-20 129,19 343,92 1,5821 -18 1,631
-15 132,13 346,83 1,5934 -18 101,71 344,40 1,5685
-10 135,05 349,75 1,6047 -15 103,14 346,17 1,5754
-5 137,95 352,70 1,6157 -10 105,50 349,12 1,5868
0 140,84 355,66 1,6267 -5 107,85 352,10 1,5979
5 143,71 358,65 1,6375 0 110,18 355,09 1,6090
10 146,58 361,66 1,6483 5 112,50 358,10 1,6199
15 149,43 364,69 1,6589 10 114,81 361,13 1,6307
20 152,27 367,74 1,6694 15 117,10 364,18 1,6414
25 155,10 370,81 1,6797 20 119,38 367,25 1,6520
30 157,92 373,90 1,6900 25 121,65 370,35 1,6624
35 160,73 377,01 1,7002 30 123,92 373,46 1,6728
40 163,53 380,15 1,7103 35 126,17 376,59 1,6830
45 166,33 383,30 1,7203 40 128,42 379,74 1,6932
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45 130,65 382,90 1,7032 40 101,94 379,24 1,6767
50 132,89 386,09 1,7132 45 103,76 382,43 1,6868
55 135,11 389,30 1,7230 50 105,57 385,64 1,6968
60 137,33 392,53 1,7328 55 107,37 388,86 1,7067

-16 1,759 60 109,17 392,10 1,7165
-16 94,72 345,32 1,5672 65 110,96 395,36 1,7262
-15 95,17 345,92 1,5695 -10 2,192
-10 97,38 348,88 1,5809 -10 77,02 348,07 1,5636
-5 99,58 351,87 1,5921 -5 78,84 351,09 1,5750
0 101,76 354,87 1,6032 0 80,64 354,13 1,5862
5 103,92 357,89 1,6142 5 82,43 357,19 1,5973
10 106,07 360,93 1,6250 10 84,20 360,26 1,6082
15 108,22 363,99 1,6357 15 85,96 363,35 1,6190
20 110,34 367,07 1,6463 20 87,71 366,45 1,6297
25 112,46 370,17 1,6568 25 89,44 369,58 1,6403
30 114,57 373,29 1,6672 30 91,17 372,72 1,6507
35 116,67 376,43 1,6774 35 92,89 375,88 1,6611
40 118,77 379,58 1,6876 40 94,60 379,06 1,6713
45 120,85 382,76 1,6977 45 96,30 382,25 1,6814
50 122,93 385,96 1,7076 50 97,99 385,46 1,6914
55 125,00 389,16 1,7175 55 99,68 388,69 1,7014
60 127,07 392,39 1,7273 60 101,36 391,94 1,7112

-14 1,896 65 103,04 395,21 1,7209
-14 88,31 346,24 1,5659 70 104,71 398,49 1,7306
-10 89,97 348,63 1,5751 -8 2,353
-5 92,03 351,63 1,5864 -8 72,046 348,97 1,5625
0 94,07 354,64 1,5975 -5 73,073 350,80 1,5693
5 96,10 357,67 1,6085 0 74,770 353,85 1,5806
10 98,12 360,72 1,6194 5 76,451 356,92 1,5917
15 100,12 363,79 1,6301 10 78,118 360,00 1,6027
20 102,11 366,88 1,6407 15 79,771 363,10 1,6136
25 104,09 369,99 1,6512 20 81,413 366,22 1,6243
30 106,06 373,11 1,6616 25 83,044 369,35 1,6349
35 108,02 376,25 1,6719 30 84,665 372,51 1,6454
40 109,97 379,42 1,6821 35 86,277 375,67 1,6557
45 111,92 382,60 1,6922 40 87,880 378,86 1,6660
50 113,86 385,80 1,7022 45 89,475 382,06 1,6761
55 115,79 389,02 1,7120 50 91,063 385,28 1,6862
60 117,71 392,25 1,7218 55 92,644 388,52 1,6961
65 119,63 395,51 1,7315 60 94,219 391,77 1,7060

-12 2,040 65 95,788 395,05 1,7157
-12 82,43 347,16 1,5647 70 97,352 398,34 1,7254
-10 83,21 348,36 1,5693 -6 2,523
-5 85,14 351,37 1,5806 -6 67,455 349,87 1,5614
0 87,06 354,39 1,5918 -5 67,778 350,48 1,5637
5 88,96 357,44 1,6029 0 69,379 353,55 1,5750
10 90,85 360,50 1,6138 5 70,964 356,63 1,5862
15 92,72 363,58 1,6246 10 72,535 359,73 1,5972
20 94,59 366,67 1,6352 15 74,092 362,84 1,6081
25 96,44 369,79 1,6457 20 75,638 365,97 1,6189
30 98,28 372,92 1,6562 25 77,172 369,12 1,6295
35 100,12 376,07 1,6665 30 78,696 372,28 1,6401
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35 80,210 375,46 1,6504 35 64,803 374,72 1,6349
40 81,716 378,65 1,6607 40 66,063 377,95 1,6452
45 83,214 381,86 1,6709 45 67,314 381,19 1,6555
50 84,704 385,09 1,6810 50 68,558 384,44 1,6656
55 86,188 388,33 1,6909 55 69,794 387,71 1,6757
60 87,665 391,60 1,7008 60 71,024 390,99 1,6856
65 89,136 394,87 1,7106 65 72,247 394,30 1,6955
70 90,602 398,17 1,7202 70 73,465 397,61 1,7052
-4 2,702 75 74,678 400,94 1,7148
-4 63,218 350,76 1,5604 80 75,885 404,29 1,7244
0 64,428 353,23 1,5695 2 3,297
5 65,925 356,33 1,5807 2 52321 353,41 1,5576
10 67,408 359,44 1,5918 5 53,085 355,31 1,5644
15 68,877 362,57 1,6027 10 54,347 358,47 1,5757
20 70,334 365,71 1,6136 15 55,593 361,64 1,5868
25 71,779 368,87 1,6242 20 56,826 364,82 1,5977
30 73,214 372,04 1,6348 25 58,047 368,02 1,6085
35 74,640 375,23 1,6452 30 59,257 371,23 1,6192
40 76,056 378,43 1,6555 35 60,457 374,45 1,6297
45 77,465 381,65 1,6657 40 61,647 377,68 1,6401
50 78,866 384,88 1,6758 45 62,830 380,93 1,6504
55 80,260 388,14 1,6858 50 64,004 384,20 1,6606
60 81,647 391,41 1,6957 55 65,171 387,48 1,6707
65 83,029 394,69 1,7055 60 66,331 390,77 1,6807
70 84,405 397,99 1,7152 65 67,485 394,08 1,6905
75 85,776 401,31 1,7248 70 68,633 397,40 1,7003
-2 2,890 75 69,776 400,74 1,7099
-2 59,301 351,65 1,5594 80 70,914 404,10 1,7195
0 59,873 352,90 1,5640 4 3,516
5 61,291 356,01 1,5753 4 49,208 354,29 1,5567
10 62,693 359,14 1,5864 5 49450 354,92 1,5590
15 64,081 362,28 1,5974 10 50,649 358,10 1,5703
20 65,457 365,43 1,6082 15 51,833 361,29 1,5815
25 66,821 368,60 1,6190 20 53,004 364,49 1,5925
30 68,174 371,78 1,6295 25 54,162 367,70 1,6033
35 69,518 374,98 1,6400 30 55,309 370,92 1,6141
40 70,853 378,19 1,6504 35 56,445 374,16 1,6246
45 72,179 381,42 1,6606 40 57,572 377,41 1,6351
50 73,498 384,67 1,6707 45 58,691 380,67 1,6454
55 74,810 387,93 1,6807 50 59,801 383,94 1,6556
60 76,116 391,21 1,6906 55 60,904 387,23 1,6657
65 77,415 394,50 1,7004 60 62,000 390,53 1,6757
70 78,708 397,81 1,7102 65 63,090 393,85 1,6856
75 79,997 401,13 1,7198 70 64,174 397,19 1,6954
0 3,088 75 65,253 400,53 1,7051
0 55,678 352,54 1,5585 80 66,326 403,89 1,7147
5 57,022 355,67 1,5698 6 3,745
10 58,351 358,81 1,5810 6 46,317 355,15 1,5559
15 59,665 361,97 1,5921 10 47,230 357,71 1,5650
20 60,966 365,14 1,6030 15 48,358 360,92 1,5762
25 62,256 368,32 1,6137 20 49,471 364,14 1,5873
30 63,534 371,51 1,6244 25 50,571 367,37 1,5982
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30 51,660 370,60 1,6090 25 41,313 366,24 1,5828
35 52,738 373,85 1,6196 30 42,254 369,53 1,5938
40 53,807 377,11 1,6301 35 43,184 372,82 1,6045
45 54,867 380,39 1,6405 40 44,103 376,13 1,6152
50 55,918 383,67 1,6507 45 45,013 379,44 1,6257
55 56,962 386,97 1,6608 50 45914 382,77 1,6361
60 57,999 390,29 1,6709 55 46,808 386,11 1,6463
65 59,030 393,61 1,6808 60 47,694 389,45 1,6564
70 60,055 396,95 1,6906 65 48,573 392,81 1,6664
75 61,074 400,31 1,7003 70 49,446 396,19 1,6763
80 62,088 403,68 1,7099 75 50,313 399,57 1,6861
85 63,097 407,06 1,7194 80 51,175 402,97 1,6958

8 3,986 85 52,031 406,38 1,7054
8 43,631 356,01 1,5551 90 52,883 409,80 1,7149
10 44,065 357,30 1,5596 14 4,778
15 45,140 360,53 1,5709 14 36,632 358,55 1,5529
20 46,201 363,77 1,5821 15 36,819 359,21 1,5552
25 47248 367,01 1,5931 20 37,746 362,51 1,5665
30 48,284 370,26 1,6039 25 38,659 365,81 1,5777
35 49,308 373,53 1,6146 30 39,559 369,12 1,5887
40 50,323 376,80 1,6251 35 40,447 372,44 1,5996
45 51,329 380,09 1,6355 40 41,324 375,76 1,6103
50 52,326 383,39 1,6458 45 42,192 379,09 1,6208
55 53,316 386,70 1,6560 50 43,051 382,43 1,6312
60 54,299 390,02 1,6660 55 43,901 385,79 1,6415
65 55,275 393,36 1,6760 60 44,744 389,15 1,6517
70 56,245 396,71 1,6858 65 45,580 392,52 1,6617
75 57,209 400,08 1,6955 70 46,410 395,90 1,6717
80 58,169 403,45 1,7052 75 47,234 399,30 1,6815
85 59,123 406,85 1,7147 80 48,052 402,70 1,6912

10 4,238 85 48,865 406,12 1,7008
10 41,131 356,86 1,5543 90 49,674 409,55 1,7103
15 42,158 360,11 1,5657 16 5,066
20 43,170 363,37 1,5769 16 34,605 359,38 1,5522
25 44,169 366,63 1,5879 20 35,316 362,04 1,5613
30 45,156 369,91 1,5988 25 36,192 365,37 1,5726
35 46,131 373,19 1,6095 30 37,053 368,70 1,5837
40 47,096 376,47 1,6201 35 37,903 372,04 1,5946
45 48,052 379,78 1,6306 40 38,741 375,38 1,6053
50 48,999 383,09 1,6409 45 39,570 378,73 1,6159
55 49,939 386,41 1,6511 50 40,389 382,08 1,6264
60 50,871 389,75 1,6612 55 41,200 385,45 1,6367
65 51,797 393,09 1,6712 60 42,003 388,82 1,6470
70 52,717 396,46 1,6811 65 42,800 392,21 1,6570
75 53,631 399,83 1,6908 70 43,589 395,60 1,6670
80 54,539 403,22 1,7005 75 44,373 399,01 1,6769
85 55,443 406,62 1,7100 80 45,151 402,43 1,6866
90 56,342 410,03 1,7195 85 45,924 405,86 1,6963

12 4,502 90 46,693 409,30 1,7058
12 38,802 357,71 1,5536 95 47,456 412,75 1,7152
15 39,391 359,67 1,5604 18 5,368
20 40,359 362,95 1,5717 18 32,712 360,20 1,5515
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20 33,053 361,54 1,5561 24 6,352
25 33,894 364,90 1,5675 24 27,733 302,01 1,5496
30 34,721 368,25 1,5786 25 27,883 363,30 1,5520
35 35,535 371,61 1,5896 30 28,622 366,74 1,5634
40 36,338 374,97 1,6004 35 29,340 370,17 1,5740
45 37,130 378,34 1,6111 40 30,058 373,61 1,5857
50 37,913 381,71 1,6216 45 30,758 377,04 1,5966
55 38,687 385,09 1,6320 50 31,448 380,47 1,6073
60 39,454 388,48 1,6422 55 32,128 383,90 1,6178
65 40,213 391,88 1,6524 60 32,800 387,34 1,6282
70 40,966 395,29 1,6624 65 33,465 390,79 1,6385
75 41,712 398,71 1,6723 70 34,122 394,24 1,6486
80 42,453 402,14 1,6821 75 34,772 397,70 1,6586
85 43,189 405,58 1,6917 80 35,417 401,17 1,6685
90 43,920 409,03 1,7013 85 36,056 404,65 1,6783
95 44,646 412,49 1,7108 90 36,689 408,13 1,6880
20 5,682 95 37,318 411,63 1,6975
20 30,942 361,01 1,5509 100 37,943 415,14 1,7070
25 31,752 364,39 1,5623 26 6,708
30 32,547 367,78 1,5736 26 26,278 363,40 1,5491
35 33,328 371,16 1,5846 30 26,848 366,17 1,5583
40 34,098 374,54 1,5955 35 27,548 369,64 1,5696
45 34,857 377,93 1,6062 40 28,234 373,10 1,5808
50 35,606 381,32 1,6168 45 28,908 376,55 1,5917
55 36,347 384,72 1,6273 50 29,572 380,01 1,6025
60 37,079 388,12 1,6376 55 30,226 383,47 1,6131
65 37,805 391,53 1,6477 60 30,871 386,93 1,6236
70 38,523 394,96 1,6578 65 31,508 390,39 1,6339
75 39,235 398,39 1,6677 70 32,137 393,86 1,6441
80 39,942 401,83 1,6775 75 32,760 397,33 1,6541
85 40,643 405,28 1,6872 80 33,377 400,82 1,6641
90 41,339 408,74 1,6968 85 33,988 404,31 1,6739
95 42,030 412,22 1,7063 90 34,594 407,81 1,6836
100 42,717 415,70 1,7157 95 35,195 411,31 1,6932
22 6,010 100 35,792 414,83 1,7026
22 29,280 361,81 1,5503 105 36,384 418,36 1,7120
25 29,752 363,80 1,5572 28 7,079
30 30,518 367,27 1,5685 28 24,912 364,17 1,5485
35 31,260 370,68 1,5796 30 25,187 365,58 1,5531
40 32,009 374,09 1,5906 35 25,864 369,07 1,5646
45 32,737 377,49 1,6014 40 26,527 372,56 1,5758
50 33,456 380,90 1,6120 45 27,177 376,04 1,5868
55 34,165 384,32 1,6225 50 27,816 379,52 1,6077
60 34,866 387,74 1,6329 55 28,446 383,00 1,6084
65 35,560 391,17 1,6431 60 29,066 386,48 1,6189
70 36,246 394,61 1,6532 65 29,678 389,97 1,6293
75 36,926 398,05 1,6632 70 30,282 393,45 1,6395
80 37,601 401,51 1,6730 75 30,880 396,95 1,6496
85 38,269 404,97 1,6827 80 31,471 400,45 1,6596
90 38,933 408,45 1,6924 85 32,056 403,95 1,6694
95 39,592 411,93 1,7019 90 32,636 407,46 1,6792
100 40,247 415,43 1,7113 95 33,211 410,98 1,6888
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100 33,782 414,51 1,6983 95 27,988 409,89 1,6759
105 34,348 418,05 1,7078 100 28,490 413,46 1,6855
30 7,465 105 28,988 417,04 1,6950
30 23,629 364,94 1,5479 110 29,482 420,62 1,7045
35 24,285 368,47 1,5595 36 8,717
40 24,927 371,99 1,5708 36 20,218 367,17 1,5463
45 25,556 375,51 1,5819 40 20,689 370,08 1,5556
50 26,173 379,01 1,5929 45 21,264 373,70 1,5671
55 26,779 382,52 1,6036 50 21,825 377,30 1,5783
60 27,376 386,02 1,6142 55 22,374 380,89 1,5894
65 27,965 389,52 1,6247 60 22913 384,47 1,6002
70 28,546 393,03 1,6350 65 23,442 388,05 1,6108
75 29,120 396,54 1,6451 70 23,962 391,62 1,6213
80 29,687 400,05 1,6551 75 24,474 395,19 1,6317
85 30,248 403,58 1,6650 80 24,980 398,76 1,6418
9 30,804 407,10 1,6748 85 25479 402,34 1,6519
95 31,355 410,64 1,6845 90 25,972 405,91 1,6618
100 31,901 414,18 1,6940 95 26,460 409,49 1,6716
105 32,443 417,73 1,7035 100 26,942 413,08 1,6813
110 32,981 421,29 1,7128 105 27,420 416,67 1,6908
32 7,866 110 27,894 420,26 1,7003
32 22422 365,69 1,5474 115 28,364 423,87 1,7096
35 22,803 367,84 1,5544 38 9,166
40 23,426 371,39 1,5658 38 19,211 367,89 1,5457
45 24,035 374,94 1,5770 40 19,440 369,36 1,5505
50 24,631 378,47 1,5881 45 20,000 373,02 1,5621
55 25,217 382,00 1,5989 50 20,546 376,66 1,5734
60 25,793 385,53 1,6096 55 21,079 380,29 1,5845
65 26,360 389,06 1,6201 60 21,601 383,90 1,5955
70 26,919 392,58 1,6304 65 22,113 387,50 1,6062
75 27,471 396,11 1,6406 70 22,616 391,10 1,6168
80 28,016 399,64 1,6507 75 23,112 394,69 1,6272
85 28,555 403,18 1,6607 80 23,599 398,29 1,6374
90 29,089 406,72 1,6705 85 24,080 401,88 1,6475
95 29,617 410,27 1,6802 90 24,555 405,48 1,6575
100 30,140 413,83 1,6898 95 25,025 409,07 1,6673
105 30,659 417,39 1,6993 100 25,489 412,68 1,6770
110 31,174 420,96 1,7086 105 25,949 416,28 1,6866
34 8,283 110 26,404 419,89 1,6961
34 21,287 366,44 1,5468 115 26,855 423,51 1,7055
35 21,410 367,16 1,5492 40 9,633
40 22,016 370,76 1,5607 40 18,261 368,60 1,5452
45 22,607 374,34 1,5721 45 18,808 372,31 1,5570
50 23,185 377,90 1,5832 50 19,341 375,99 1,5684
55 23,751 381,45 1,5941 55 19,860 379,65 1,5797
60 24,308 385,01 1,6049 60 20,367 383,29 1,5907
65 24,855 388,56 1,6155 65 20,864 386,93 1,6015
70 25,394 392,11 1,6259 70 21,351 390,55 1,6122
75 25,925 395,66 1,6361 75 21,830 394,17 1,6227
80 26,450 399,21 1,6463 80 22,301 397,79 1,6330
85 26,968 402,77 1,6563 85 22,766 401,40 1,6431
90 27,481 406,33 1,6661 90 23,224 405,02 1,6532
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95 23,676 408,64 1,6630 90 19,680 403,51 1,6401
100 24,124 412,25 1,6728 95 20,089 407,19 1,6502
105 24,566 415,88 1,6824 100 20,491 410,87 1,6601
110 25,004 419,50 1,6920 105 20,889 414,55 1,6699
115 25,437 423,13 1,7014 110 21,281 418,22 1,6796
120 25,867 426,77 1,7107 115 21,669 421,90 1,6891
42 10,117 120 22,053 425,58 1,6985
42 17,364 369,29 1,5447 125 22,433 429,27 1,7079
45 17,684 371,54 1,5518 48 11,679
50 18,204 375,27 1,5634 48 14,957 371,29 1,5431
55 18,710 378,97 1,5748 50 15,152 372,84 1,5479
60 19,204 382,66 1,5859 55 15,629 376,70 1,5597
65 19,687 386,32 1,5968 60 16,091 380,51 1,5712
70 20,159 389,98 1,6076 65 16,539 384,30 1,5825
75 20,623 393,63 1,6181 70 16,976 388,06 1,5936
80 21,080 397,27 1,6285 75 17,402 391,80 1,6044
8 21,529 400,90 1,6387 80 17,820 395,53 1,6150
90 21,971 404,54 1,6488 85 18,230 399,25 1,6255
95 22,408 408,18 1,6588 90 18,632 402,96 1,6358
100 22,839 411,81 1,6686 95 19,028 406,66 1,6459
105 23,266 415,45 1,6783 100 19,417 410,36 1,6559
110 23,687 419,09 1,6878 105 19,802 414,06 1,6657
115 24,105 422,74 1,6973 110 20,181 417,76 1,6754
120 24,518 426,39 1,7066 115 20,556 421,45 1,6850
44 10,619 120 20,926 425,15 1,6945
44 16,516 369,97 1,5441 125 21,293 428,85 1,7038
45 16,620 370,73 1,5465 50 12,236
50 17,130 374,51 1,5583 50 14,239 371,93 1,5425
55 17,625 378,26 1,5698 55 14,709 375,84 1,5545
60 18,107 381,98 1,5811 60 15,162 379,71 1,5662
65 18,577 385,68 1,5921 65 15,602 383,54 1,5776
70 19,036 389,37 1,6029 70 16,029 387,35 1,5888
75 19,487 393,05 1,6136 75 16,446 391,13 1,5997
80 19,929 396,72 1,6240 80 16,853 394,89 1,6105
85 20,364 400,38 1,6343 85 17,251 398,64 1,6210
90 20,792 404,04 1,6445 90 17,642 402,38 1,6314
95 21,214 407,70 1,6545 95 18,026 406,11 1,6416
100 21,630 411,35 1,6644 100 18,404 409,83 1,6510
105 22,042 415,01 1,6741 105 18,776 413,55 1,6615
110 22,448 418,67 1,6837 110 19,143 417,27 1,6713
115 22,850 422,33 1,6932 115 19,505 420,98 1,6809
120 23,249 426,00 1,7026 120 19,863 424,70 1,6905
46 11,140 125 20,217 428,42 1,6999
46 15,715 370,64 1,5436 130 20,568 432,14 1,7091
50 16,115 373,70 1,5531 52 12,814
55 16,600 377,50 1,5648 52 13,559 372,54 1,5419
60 17,071 381,27 1,5762 55 13,835 374,93 1,5492
65 17,529 385,01 1,5873 60 14,283 378,86 1,5611
70 17,977 388,73 1,5983 65 14,714 382,74 1,5727
75 18,415 392,44 1,6090 70 15,133 386,59 1,5840
80 18,844 396,14 1,6195 75 15,540 390,42 1,5951
85 19,266 399,83 1,6299 80 15,938 394,22 1,6059
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85 16,326 398,00 1,6165 115 12,268 415,66 1,6436
90 16,706 401,77 1,6270 120 12,546 419,60 1,6537
95 17,080 405,52 1,6373 125 12,818 423,53 1,6636
100 17,446 409,27 1,6474 130 13,086 427,44 1,6734
105 17,807 413,02 1,6573 135 13,349 431,35 1,6830
110 18,163 416,76 1,6672 140 13,608 435,24 1,6925
115 18,514 420,49 1,6769 145 13,863 439,13 1,7018
120 18,860 42423 1,6864 70 18,957
125 19,202 427,97 1,6959 70 8,775 377,16 1,5358
130 19,541 431,70 1,7052 75 9,157 381,68 1,5488

13,411 80 9,516 386,07 1,5614
54 12,913 373,14 1,5413 85 9,856 390,36 1,5734
55 13,004 373,95 1,5438 90 10,182 394,57 1,5851
60 13,447 377,95 1,5559 95 10,496 398,72 1,5965
65 13,872 381,89 1,5677 100 10,798 402,82 1,6075
70 14,284 385,80 1,5791 105 11,092 406,89 1,6183
75 14,683 389,66 1,5903 110 11,377 410,91 1,6289
80 15,071 393,50 1,6013 115 11,655 414,92 1,6393
85 15,450 397,32 1,6120 120 11,927 418,89 1,6495
90 15,821 401,13 1,6225 125 12,193 422,85 1,6595
95 16,185 404,91 1,6329 130 12,454 426,80 1,6693
100 16,541 408,69 1,6431 135 12,711 430,73 1,6790
105 16,892 412,46 1,6531 140 12,963 434,65 1,6886
110 17,237 416,22 1,6630 145 13,212 438,56 1,6980
115 17,577 419,98 1,6728 150 13,456 442.47 1,7073
120 17,912 423,74 1,6824 75 20,995
125 18,243 427,49 1,6919 75 7,773 378,06 1,5335
130 18,571 431,25 1,7012 80 8,144 382,80 1,5470

14,028 85 8,490 387,37 1,5599
56 12,301 373,72 1,5407 90 8,815 391,81 1,5722
60 12,651 376,98 1,5506 95 9,124 396,15 1,5841
65 13,072 380,99 1,5625 100 9,420 400,42 1,5956
70 13,477 384,95 1,5742 105 9,705 404,62 1,6068
75 13,869 388,87 1,5855 110 9,980 408,78 1,6177
115 13,913 416,36 1,6478 115 10,247 412,89 1,6283
120 13,197 420,27 1,6578 120 10,507 416,97 1,6388
125 13,476 424,17 1,6677 125 10,760 421,02 1,6490
130 13,750 428,06 1,6774 130 11,007 425,05 1,6591
135 14,020 431,94 1,6870 135 11,250 429,06 1,6690
140 14,286 435,81 1,6964 140 11,487 433,05 1,6787
145 14,548 439,68 1,7057 145 11,721 437,03 1,6883

18,185 150 11,950 441,00 1,6977
68 9,209 376,75 1,5366 155 12,177 444 95 1,7070
70 9,367 378,54 1,5418 80 23,191
75 9,745 382,93 1,5545 80 6,874 378,72 1,5308
80 10,103 387,22 1,5668 85 7,240 383,73 1,5449
85 10,444 391,42 1,5786 90 7,576 388,51 1,5582
90 10,772 395,56 1,5901 95 7,889 393,13 1,5708
95 11,089 399,65 1,6012 100 8,185 397,62 1,5829
100 11,396 403,70 1,6122 105 8,466 402,02 1,5946
105 11,694 407,71 1,6228 110 8,735 406,34 1,6059
110 11,984 411,70 1,6333 115 8,995 410,59 1,6170
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120 9,245 414,80 1,6278 125 6,4155 410,89 1,6030
125 9,489 418,96 1,6383 130 6,6385 415,51 1,6146
130 9,725 423,09 1,6486 135 6,8518 420,04 1,6257
135 9,956 427,19 1,6587 140  7,0567 424,50 1,6366
140 10,182 431,27 1,6686 145 7,2545 428,90 1,6472
145 10,403 435,32 1,6784 150  7,4461 433,25 1,6575
150 10,620 439,36 1,6880 155 7,6324 437,55 1,6676
155 10,833 443,39 1,6974 160  7,8138 441,82 1,6775
160 11,042 447,40 1,7067 165 7,9909 446,05 1,6873

25,554 170 8,1641 450,26 1,6968
85 6,063 379,09 1,5275 175 8,3339 454,45 1,7062
90 6,430 384,45 1,5424 33,729
95 6,760 389,49 1,5562 100 3,9986 377,30 1,5116
100 7,064 394,31 1,5692 105 4,4316 384,81 1,5316
105 7,348 398,97 1,5816 110 4,7729 391,12 1,5482
110 7,616 403,51 1,5935 115 5,0669 396,83 1,5630
115 7,872 407,95 1,6051 120 5,3308 402,18 1,5767
120 8118 412,32 1,6162 125 5,5734 407,27 1,5896
125 8,355 416,63 1,6271 130 5,7999 412,19 1,6018
130 8,583 420,88 1,6378 135 6,0137 416,96 1,6136
135 8,806 425,10 1,6481 140  6,2172 421,62 1,6249
140 9,022 429,27 1,6583 145 6,4121 426,19 1,6360
145 9,233 433,42 1,6683 150 6,5997 430,69 1,6466
150 9,439 437,54 1,6781 155 6,7809 435,13 1,6571
155 9,641 441,64 1,6877 160  6,9566 439,52 1,6673
160 9,839 445,73 1,6972 165 17,1275 443,87 1,6772
165 10,034 449,79 1,7065 170 7,2940 448,18 1,6870

28,092 175 7,4566 452,46 1,6966
90 5,3237 379,08 1,5235 180  7,6158 456,71 1,7061
95 5,6991 384,91 1,5395 36,848
100 6,0275 390,27 1,5539 105 3,3651 374,71 1,5017
105 6,3251 395,33 1,5674 110 3,8762 384,07 1,5263
110 6,6004 400,19 1,5802 115 4,2344 391,11 1,5445
115 6,8587 404,89 1,5924 120 4,5312 397,27 1,5603
120 7,1033 409,47 1,6041 125 4,7921 402,93 1,5746
125 7,3368 413,96 1,6154 130 5,0290 408,26 1,5879
130  7,5610 418,38 1,6265 135 5,2483 413,37 1,6005
135 17,7771 422,73 1,6372 140 5,4540 418,30 1,6125
140  7,9864 427,03 1,6477 145 5,64890 423,11 1,6241
145 8,1897 431,29 1,6579 150 5,8347 427,80 1,6352
150 8,3876 435,52 1,6680 155 6,0130 432,41 1,6461
155 8,5807 439,71 1,6778 160  6,1848 436,95 1,6566
160 8,7696 443,88 1,6875 165 6,3511 441,43 1,6669
165 8,9546 448,02 1,6970 170 6,5124 445,86 1,6769
170 9,1362 452,15 1,7064 175 6,6693 450,25 1,6868

30,814 180  6,8223 454,60 1,6964
95 4,6415 378,57 1,5184 185 6,9719 458,91 1,7059
100 5,0363 385,05 1,5359 110 40,180
105 5,3681 390,82 1,5513 110 2,6388 368,49 1,4827
110 5,6624 396,18 1,5654 115 3,3632 382,69 1,5196
115 5,9310 401,26 1,5785 120 3,7476 390,78 1,5403
120 6,1806 406,15 1,5910 125 4,0497 397,49 1,5572
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130 4,3091 403,51 1,5723 165 5,6501 438,70 1,6581
135 4,5412 409,12 1,5861 170 5,8077 443,28 1,6665
140  4,7541 414,44 1,5991 175 5,9602 447,79 1,6766
145  4,9525 419,55 1,6114 180  6,1085 452,26 1,6865
150  5,1394 424,50 1,6231 185 6,2528 456,68 1,6962
155 5,3170 429,33 1,6345 190  6,3936 461,07 1,7056

160  5,4869 434,06 1,6455
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BANG 5: BANG HOI BAO HOA R22

T p \ V" h' h" r s' s"
°C bar dm’/kg | dm’/kg | kl/kg kJ/kg kl/kg | kJ/(kg.°C) | kJ/(kg.°C)
-80 0,1052 | 0,6594 | 1557,8 113,62 | 367,85 | 254,23 | 0,6303 1,9466
-79 0,1129 | 0,6605 1545,7 114,59 | 368,36 | 253,82 | 0,6351 1,9425
-78 0,1211 | 0,6616 | 15419 | 11547 | 368,87 |253,40 | 0,6399 1,9384
=77 0,1298 | 0,6627 1445,8 116,39 | 369,38 | 252,99 | 0,6446 1,9344
-76 0,1389 | 0,6638 | 1356,8 117,34 | 369,90 | 252,56 | 0,6493 1,9305
-75 0,1487 | 0,6649 | 12739 | 11827 |370,41 |252,14 | 0,6541 1,9266
-74 0,1589 | 0,6660 11971 119,21 370,92 | 251,71 0,6588 1,9228
-73 0,1698 | 0,6672 | 1125,8 120,15 | 371,43 | 251,28 | 0,6635 1,9190
=72 0,1813 | 0,6683 | 10594 | 121,10 |371,94 | 250,84 | 0,6682 1,9153
-71 0,1934 | 0,6694 | 997,6 122,06 | 372,46 | 250,40 | 0,6730 1,9117
-70 0,2061 | 0,6706 | 940,1 123,02 | 372,97 | 249,95 | 0,6777 1,9081
-69 0,2196 | 0,6717 | 886,4 123,98 | 373,48 | 249,50 | 0,6824 1,9046
-68 0,2337 | 0,6729 | 836,4 124,95 | 373,99 | 249,04 | 0,6872 1,9012
-67 0,2486 | 0,6741 | 789,7 125,92 | 374,50 | 248,58 | 0,6919 1,8978
-66 0,2643 | 0,6753 | 746,0 126,89 | 375,01 | 248,12 | 0,6966 1,8944
-65 0,2808 | 0,6765 | 705,3 127,87 | 375,52 | 247,65 | 0,7013 1,8911
-64 0,2981 | 0,6777 | 667,1 128,86 | 376,03 | 247,17 | 0,7060 1,8879
-63 0,3162 | 0,6789 |631.4 129,85 | 376,54 | 246,69 | 0,7107 1,8847
-62 0,3353 | 0,6801 598,0 130,84 | 377,05 | 246,21 0,7154 1,8815
-61 0,3553 | 0,6813 | 566,6 131,84 | 377,56 | 245,72 | 0,7201 1,8784
-60 0,3762 | 0,6825 | 5372 132,84 | 378,07 | 245,23 | 0,7248 1,8754
-59 0,3982 | 0,6838 | 509,7 133,85 | 378,58 | 244,73 | 0,7295 1,8724
-58 0,4212 | 0,6850 | 483,8 134,86 | 379,08 | 244,22 | 0,7342 1,8694
-57 0,4452 | 0,6863 |459,4 135,88 | 379,59 | 243,71 0,7389 1,8665
-56 0,4703 | 0,6876 |436,5 136,90 | 380,09 | 243,19 | 0,7436 1,8636
-55 0,4966 | 0,6888 |415,0 137,92 | 380,59 | 242,67 | 0,7483 1,8608
-54 0,5240 | 0,6901 3948 138,95 | 381,09 | 242,14 | 0,7530 1,8580
-53 0,5527 |0,6914 | 375,7 139,98 | 381,59 | 241,61 0,7577 1,8553
-52 0,5826 | 0,6927 | 357,5 141,02 | 382,09 | 241,07 | 0,7624 1,8526
-51 0,6137 | 0,6940 | 340,8 142,06 | 382,59 | 240,53 | 0,7671 1,8499
-50 0,6463 | 0,6954 | 3248 143,11 383,09 | 23998 | 0,7718 1,8473
-49 0,6801 | 0,6967 | 309,7 144,15 | 383,58 | 239,43 | 0,7764 1,8447
-48 0,7154 | 0,6980 |295,4 145,22 | 384,08 | 238,86 | 0,7812 1,8421
-47 0,7521 0,6994 | 282,0 146,27 | 384,57 | 238,30 | 0,7858 1,8396
-46 0,7903 | 0,7008 | 269,2 147,34 | 385,06 | 237,72 | 0,7905 1,8371
-45 0,8301 0,7021 | 2572 148,40 | 385,55 | 237,15 | 0,7952 1,8347
-44 0,8714 | 0,7035 | 2458 149,48 | 386,04 | 236,56 | 0,7999 1,8323
-43 0,9143 | 0,7049 | 2350 150,55 | 386,52 | 235,97 | 0,8045 1,8299
-42 0,9589 | 0,7063 | 224,8 151,63 | 387,01 | 235,38 | 0,8092 1,8275
-41 1,0052 | 0,7077 | 215,1 152,72 | 387,49 | 234,77 | 0,8139 1,8252
-40 1,0533 | 0,7092 | 205,9 153,81 | 387,97 | 234,16 | 0,8185 1,8229
-39 1,1031 0,7106 197,2 154,90 | 388,45 | 233,55 | 0,8232 1,8207
-38 1,1548 | 0,7121 188,9 155,99 | 388,92 | 232,93 | 0,8278 1,8185
-37 1,2083 | 0,7135 | 181,1 157,10 | 389,40 | 232,30 | 0,8325 1,8163
-36 1,2639 | 0,7150 173,6 158,20 | 389,87 | 231,67 | 0,8371 1,8141
-35 1,3213 | 0,7165 | 166,5 159,31 |390,34 | 231,03 | 0,8418 1,8120
-34 1,3809 | 0,7180 | 159,8 160,41 | 390,80 | 230,39 | 0,8464 1,8098
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-33 1,4425 |0,7195 | 1534 161,53 | 391,27 229,74 |0,8510 1,8076
-32 1,5062 | 0,7210 | 1473 162,65 | 391,73 | 229,08 | 0,8557 1,8057
-31 1,5721 | 0,7225 | 141,5 163,77 | 392,19 | 226,42 | 0,8603 1,8037
-30 1,6402 | 0,7241 | 1359 164,90 | 392,65 | 227,775 | 0,8649 1,8016
-29 1,7106 | 0,7256 | 130,7 166,02 | 393,10 | 227,08 | 0,8695 1,7997
-28 1,7833 | 0,7272 | 125,6 167,16 | 393,55 | 226,39 | 0,8742 1,7977
-27 1,8584 | 0,7288 | 120,8 168,29 | 394,00 | 225,71 | 0,8787 1,7958
-26 1,9360 |0,7304 | 116,3 169,44 |394,45 | 225,01 | 0,8834 1,7938
-25 2,0160 |0,7320 |111,96 |170,57 | 394,89 |22432 | 0,8879 1,7919
-24 2,0985 10,7336 |107,80 | 171,72 | 395,33 | 223,61 |0,8925 1,7901
-23 2,1836 | 0,7353 | 103,83 | 172,87 |395,77 |222,90 |0,8971 1,7882
-22 2,2714 | 0,7369 | 100,03 | 174,03 | 396,21 | 222,18 | 0,9017 1,7864
-21 2,3616 | 0,7386 | 96,40 175,18 | 396,64 | 221,46 | 0,9062 1,7846
-20 2,4550 | 0,7403 | 92,93 176,34 | 397,07 | 220,73 | 0,9108 1,7828
-19 2,5510 | 0,7420 | 89,61 177,49 | 397,49 | 220,00 | 0,9153 1,7810
-18 2,6499 | 0,7437 | 86,43 178,66 | 397,92 | 219,26 | 0,9198 1,7792
-17 2,7516 | 0,7455 | 83,39 179,82 | 398,33 | 218,51 | 0,9244 1,7775
-16 2,8563 | 0,7472 | 80,48 180,99 | 398,75 | 217,76 | 0,9289 1,7758
-15 2,9640 | 0,7490 | 77,69 182,16 | 399,16 | 217,00 |0,9334 1,7741
-14 3,0748 | 0,7508 | 75,02 183,34 | 399,57 |216,23 | 0,9379 1,7724
-13 3,1887 |0,7526 | 72,46 184,52 | 399,98 | 21546 |0,9424 1,7707
-12 3,3058 | 0,7544 | 70,01 185,69 | 400,38 | 214,69 | 0,9469 1,7691
-11 3,4261 | 0,7562 | 67,65 186,87 | 400,78 | 213,91 | 0,9514 1,7674
-10 3,5498 | 0,7581 | 65,40 188,06 | 401,18 | 213,12 | 0,9558 1,7658
-9 3,6767 | 0,7599 | 63,23 189,24 | 401,57 | 212,33 | 0,9603 1,7642
-8 3,8071 | 0,7618 | 61,15 190,43 | 401,96 | 211,53 | 0,9647 1,7626
-7 3,9410 | 0,7637 | 59,15 191,62 | 402,34 | 210,72 | 0,9692 1,7610
-6 4,0783 | 0,7656 | 57,23 192,81 402,72 |20991 |0,9736 1,7594
-5 4,2193 | 0,7676 | 55,39 194,00 | 403,10 | 209,10 | 0,9780 1,7579
-4 4,3638 | 0,7696 | 53,61 195,20 | 403,47 | 208,27 |0,9825 1,7563
-3 4,5121 | 0,7715 | 51,91 196,39 | 403,84 | 207,45 | 0,9868 1,7548
-2 4,6642 | 0,7735 | 50,27 197,60 | 404,21 | 206,61 | 0,9912 1,7533
-1 4,8200 | 0,7756 | 48,69 198,80 | 404,57 | 205,77 | 0,9956 1,7518
0 4,9797 | 0,7776 | 47,18 200,00 | 404,93 | 204,93 | 1,0000 1,7503
1 5,1434 | 0,7797 | 45,72 201,20 | 405,28 | 204,08 | 1,0043 1,7488
2 5,3110 | 0,7818 | 44,31 202,41 | 405,63 | 203,22 | 1,0087 1,7473
3 5,4827 | 0,7839 | 42,96 203,61 | 405,97 | 202,36 | 1,0130 1,7458
4 5,6585 | 0,7860 | 41,65 204,83 | 406,32 | 201,49 |1,0173 1,7444
5 5,8385 | 0,7882 |40,398 |206,03 | 406,65 |200,62 |1,0216 1,7429
6 6,0227 10,7904 | 39,18 207,24 | 406,98 | 199,74 | 1,0259 1,7415
7 6,2113 | 0,7926 | 38,01 208,46 | 407,31 | 198,85 |1,0302 1,7401
8 6,4041 | 0,7948 | 36,89 209,67 | 407,63 | 197,96 | 1,0345 1,7386
9 6,6014 | 0,7971 | 35,80 210,89 | 407,95 | 197,06 | 1,0387 1,7372
10 6,803 0,7994 | 34,754 | 212,11 | 408,27 | 196,16 | 1,0430 1,7358
11 7,009 0,8017 | 33,741 | 213,33 | 408,58 | 195,25 | 1,0472 1,7344
12 7,220 0,8040 | 32,763 |214,54 | 408,88 | 194,34 | 1,0514 1,7330
13 7,436 0,8064 | 31,819 |215,76 |409,18 | 193,42 | 1,0556 1,7316
14 7,656 0,8088 | 30,907 |216,99 |409,48 | 192,49 | 1,0598 1,7303
15 7,881 0,8112 130,026 |218,21 |409,77 | 191,56 | 1,0640 1,7289
16 8,111 0,8137 129,174 |219,43 | 410,05 | 190,62 | 1,0682 1,7275
17 8,346 0,8162 | 28,351 |220,66 |410,33 | 189,67 |1,0724 1,7261
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18 8,586 | 08187 |27,555 |221,89 |410,61 | 188,72 | 1,0765 1,7248
19 8,831 | 08213 |26,785 |223,11 | 410,88 | 187,77 | 1,0806 1,7234
20 9,081 | 0,8238 |26,041 |22434 |411,14 | 186,80 | 1,0848 1,7221
21 9336 | 0,8265 |25,320 |225,57 |411,40 | 185,83 | 1,0889 1,7207
22 9597 |0,8291 |24,623 |226,81 |411,66 | 184,85 | 1,0930 1,7194
23 9,863 | 0,8318 |23,943 |228,03 |411,90 | 183,87 | 1,0971 1,7180
24 10,134 | 0,8345 | 23,294 |22927 | 412,15 | 182,88 | 1,1012 1,7167
25 10,411 | 0,8373 | 22,661 |230,50 | 412,38 | 181,88 | 1,1053 1,7153
26 10,693 | 0,8401 | 22,048 |231,74 | 412,62 | 180,88 | 1,1093 1,7140
27 10,981 | 0,8430 | 21,454 |232,97 |412,84 | 179,87 | 1,1133 1,7127
28 11,275 | 0,8458 | 20,878 |23421 | 413,06 | 178,85 |1,1174 1,7113
29 11,574 | 0,8488 |20,320 |23545 |41327 | 177,82 | 1,1214 1,7100
30 11,879 | 0,8517 | 19,779 |236,69 | 413,48 | 176,79 | 1,1254 1,7087
31 12,190 | 0,8547 | 19,254 |237,93 | 413,68 | 175,75 | 1,1294 1,7073
32 12,507 | 0,8578 | 18,744 | 239,18 | 413,88 | 174,70 | 1,1334 1,7060
33 12,830 | 0,8609 | 18,250 | 24043 | 414,07 | 173,64 | 1,1374 1,7046
34 13,160 | 0,8641 | 17,771 | 241,68 | 41425 | 172,57 | 1,1414 1,7033
35 13,495 | 0,8673 | 17,305 | 242,93 | 414,42 | 171,49 | 1,1454 1,7020
36 13,837 | 0,8705 | 16,853 | 244,18 | 414,59 | 17041 | 1,1493 1,7006
37 14,185 | 0,8738 | 16,415 |24544 | 414,75 | 169,31 | 1,1533 1,6993
38 14,539 | 0,8772 | 15,988 | 246,69 | 414,90 | 16821 | 1,1572 1,6979
39 14900 | 0,8806 | 15,574 |247,95 | 415,05 | 167,10 | 1,1612 1,6965
40 15,268 | 0,8841 | 15,171 |249,22 | 415,19 | 165,97 | 1,1651 1,6952
41 15,642 | 0,8876 | 14,780 | 25048 | 415,32 | 164,84 | 1,1690 1,6938
7)) 16,023 | 0,8912 | 14,400 | 251,75 | 415,44 | 163,69 | 1,1730 1,6924
13 16,411 | 0,8949 | 14,030 | 253,02 | 415,56 | 162,54 | 1,1769 1,6910
44 16,806 | 0,8986 | 13,670 | 25429 | 415,66 | 161,37 | 1,1808 1,6896
45 17,208 | 0,9024 | 13,320 | 255,57 | 415,76 | 160,19 | 1,1847 1,6882
46 17,617 | 0,9063 | 12,979 |256,86 | 415,85 | 158,99 | 1,1886 1,6868
47 18,034 | 0,9103 | 12,648 |258,15 | 415,93 | 157,78 | 1,1925 1,6854
48 18,457 | 0,9143 | 12,325 |25944 | 416,00 | 156,56 | 1,1964 1,6840
49 18,888 | 0,9184 | 12,011 |260,73 | 416,06 | 15533 | 1,2003 1,6825
50 19326 |0,9226 | 11,704 |262,03 | 416,11 | 154,08 | 1,2042 1,6811
51 19,773 | 0,9269 | 11,406 |263,34 | 416,15 | 152,81 | 1,2081 1,6796
52 20,226 | 0,9312 | 11,115 |264,65 | 416,18 | 151,53 | 1,2120 1,6781
53 20,688 | 0,9357 | 10,832 |265,97 | 416,20 | 150,23 | 1,2160 1,6766
54 21,157 | 0,9403 | 10,556 | 267,29 | 416,20 | 148,91 | 1,2199 1,6751
55 21,635 | 0,9449 | 10,286 | 268,62 | 41620 | 147,58 | 1,2238 1,6736
56 22,120 | 0,9497 | 10,023 |269,96 | 416,18 | 146,22 | 1,2277 1,6720
57 22,614 |0,9546 |9,767 |271,30 |416,15 | 144,85 | 12317 1,6705
58 23,116 | 0,9596 |9,517 |272,66 |416,11 | 143,45 | 1,2356 1,6689
59 23,626 | 0,9647 |9272 [274,03 |416,06 | 142,03 | 1,2396 1,6673
60 24,145 | 0,9700 |9,033 |27541 |41599 | 140,58 | 1,2436 1,6656
61 24,673 | 0,9754 |8,800 |276,79 | 41590 | 139,11 | 1,2476 1,6640
62 25,209 | 0,9809 |8,572 |278,18 |415,80 | 137,62 | 1,2516 1,6623
63 25,755 | 0,9866 |8350 |279,59 |415,68 | 136,09 | 1,2556 1,6605
64 26,309 | 0,9924 [8,132 | 281,01 | 415,55 | 134,54 | 1,2597 1,6588
65 26,873 | 0,9985 |7,919 |282,44 |41540 | 132,96 | 1,2637 1,6570
66 27,445 | 1,0047 | 7,710 | 283,89 |41523 | 131,34 | 1,2679 1,6552
67 28,028 | 1,0111 | 7,506 | 28535 |415,04 | 129,69 | 1,2720 1,6533
68 28,620 | 1,0177 | 7,306 | 286,83 | 414,83 | 128,00 | 1,2762 1,6514
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69 29,221 | 1,0245 | 7,110 288,33 | 414,60 | 126,27 | 1,2804 1,6495
70 29,832 | 1,0315 |6,9185 |289,86 |414,35 | 124,49 | 1,2846 1,6475
71 30,454 | 1,0388 |6,7301 |291,39 | 414,07 | 122,68 | 1,2889 1,6454
72 31,085 | 1,0464 |6,5454 |292,95 | 413,76 | 120,81 | 1,2932 1,6433
73 31,727 | 1,0543 | 6,3639 | 294,54 |413,43 | 118,89 | 1,2976 1,6412
74 32,379 | 1,0624 | 6,1857 |296,15 | 413,07 | 116,92 | 1,3021 1,6389
75 33,042 | 1,0709 |6,0105 |297,79 | 412,67 | 114,88 | 1,3066 1,6366
76 33,715 [ 1,0798 |5,8381 299,45 |412,24 112,79 |1,3112 1,6343
77 34,400 | 1,0891 |5,6684 |301,16 |411,78 | 110,62 | 1,3158 1,6318
78 35,095 | 1,0988 |[5,5012 [302,90 |411,27 |108,37 | 1,3206 1,6293
79 35,802 | 1,1091 |5,3362 | 304,67 |410,72 | 106,05 | 1,3254 1,6266
80 36,520 | 1,1198 |5,1733 | 306,49 | 410,12 | 103,63 | 1,3303 1,6238
81 37,250 | 1,1312 | 5,0122 | 308,36 | 409,47 | 101,11 | 1,3354 1,6209
82 37,991 | 1,1432 | 4,8526 | 310,28 | 408,76 | 98,48 1,3406 1,6179
83 38,745 | 1,1561 | 4,6944 | 312,26 | 407,99 | 95,73 1,3459 1,6147
84 39,511 | 1,1698 | 4,5371 | 314,30 | 407,14 | 92,84 1,3514 1,6114
85 40,289 | 1,1845 |4,3804 |316,43 | 406,22 | 89,79 1,3570 1,6078
86 41,080 | 1,2004 |4,2239 |318,63 | 405,19 | 86,56 1,3629 1,6040
87 41,884 | 1,2177 14,0670 |320,93 | 404,05 | 83,12 1,3691 1,5999
88 42,700 | 1,2368 |3,9090 |323,35 |402,79 | 79,44 1,3755 1,5955
89 43,530 | 1,2580 |3,7491 |325,89 |401,36 | 75,47 1,3822 1,5907
90 44,374 | 1,2818 | 3,5860 | 328,61 | 399,75 | 71,14 1,3894 1,5854
91 45,231 | 1,3092 | 3,4181 |331,53 397,88 | 66,35 1,3971 1,5794
92 46,102 | 1,3414 | 3,2428 | 334,72 | 395,68 | 60,96 1,4056 1,5726
93 46,987 | 1,3809 | 3,0556 | 338,28 | 393,00 | 54,72 1,4150 1,5645
94 47,887 | 1,4323 | 2,8481 | 342,44 | 389,58 | 47,14 1,4260 1,5544
95 48,801 | 1,5086 |2,5992 |347,71 |384,72 | 37,01 1,4400 1,5405
96 49,731 | 1,6883 |2,1991 |357,09 |374,775 | 17,66 1,4650 1,5129
96,18 49,900 | 1,9490 |1,9490 | 366,83 | 366,83 | 0,00 1,4913 1,4913
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BANG 6: BANG HOI QUA NHIET R22

T v h s 30 1127,6 395,07  2,0072
©C)  (dm'kg)  (kl/keg) (kJ/(kg°K)) 25 11512 397,99  2,0192
[p]=bar 20 11747 400,95  2,0310

80 0,105 15 11982 403,95  2,0427
80 1757,8 367,85  1,9466 10 1221,7 406,97  2,0543
75 1803,3 370,42 1,9597 5 12453 410,03 2,0658
70 1848,9 373,02 1,9727 0 12688 413,12  2,0772
65  1894,6 375,67  1,9856 5 12923 41623  2,0885
60 1940,3 37836  1,9984 10 13158 41938  2,0997
55 1986,1 381,08 2,0110
50 2031,9 383,84  2,0235 65 0,2808
45 2077,8 386,64  2,0359 65 7053 375,53  1,8911
40 2123,7 389,47  2,0482 60 7224 378,17  1,9037
35 2169,6 392,33 2,0603 55 7397 380,86  1,9162
30 22154 39523 2,0724 50 7569 383,60  1,9286
25 22613 398,16  2,0843 45 7742 38638  1,9409
20 23072 401,12 2,0961 40 791,5 389,20  1,9531
15 2353,1 404,11  2,1078 35 808,5 392,05  1,9652
10 2399,0 407,14 2,1194 30 826,1 39494  1,9772
5 24449 410,19 2,1309 25 8435 397,87  1,9891
0 2490,8 41327  2,1423 20 860,8 400,83  2,0009

15 878,1 403,82  2,0127
75 0,148 10 8955 406,85  2,0243

-75 1273,9 370,41 1,9266
-70 1306,2 373,00 1,9395

-65 1338,5 375,64 1,9523 -5 912,8 409,91 2,0358
-60 1370,9 378,31 1,9650 0 930,1 413,00  2,0472
-55 1403,3 381,03 1,9776 5 9474 416,12  2,0585
-50 1435,8 383,78 1,9901 10 964,7 419,27  2,0697
-45 1468,3 386,58  2,0025 15 982,0 422,45  2,0809
-40 1500,8 389,40  2,0147
-35 1533,3 392,26 2,0269 -60 0,376
-30 1565,8 395,16  2,0389 -60  537,2 378,07 1,8754
-25 1598,4 398,09  2,0508 -55 550,1 380,74 1,8878
-20 1630,9 401,05  2,0626 -50  563,0 38347 1,9001
-15 1663,4 404,04  2,0743 -45 576,0 386,24 1,9124
-10 1696,0 407,06  2,0859 -40 588,99 389,05 1,9246
-5 1728,5 410,12 2,0975 -35 601,9 391,90 1,9367
0 1761,0 413,21 2,1089 30 6149 394,79 1,9487
5 1793,6 416,32  2,1202 -25 627,9 397,71 1,9606
20 640,9 400,67 1,9724
-70 0,206 -15 653,8 403,67 1,9841
=70 940,1 372,97 1,9081 -10  666,8 406,69 1,9957
-65 963,4 375,59 1,9209 -5 679,8 409,75  2,0072
-60  986,7 378,25 1,9335 0 6928 412,85  2,0187
-55 1010,2 380,96 1,9461 5 705,8 415,97  2,0300
-50 1033,6 383,71 1,9585 10  718,7 419,13 2,0412
-45 1057,1 386,49 1,9709 15 731,7 422,31 2,0524
-40 1080,6 389,31 1,9831 20 744,6 425,53 22,0635

-35 1104,1 392,17 1,9952
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-55 0,496 10 375,76 418,61 1,9782
-55 415,06 380,59 1,8608 15 382,66 421,81 1,9894
-50 424,88 383,30 1,8731 20 389,56 425,04  2,0005
-45 434,73 386,06 1,8853 25 396,45 428,30  2,0115
-40 444,60 388,86 1,8974 30 403,33 431,59  2,0225
-35 454,47 391,70 1,9095
30 464,36 394,59 1,9215 -46 0,790
=25 474,25 397,51 1,9334 -46 269,26 385,06 1,8371
20 484,14 400,47 1,9452 -45 270,52 385,61 1,8395
-15 494,04 403,47 1,9569 -40 276,79 388,39 1,8516
-10 503,93 406,50 1,9685 -35 283,07 391,22 1,8636
-5 513,81 409,56 1,9801 30 289,36 394,10 1,8756
0 523,69 412,65 1,9915 -25 295,66 397,02 1,8874
5 533,57 415,78  2,0029 -20 301,96 399,98 1,8992
10 543,44 41894  2,0141 -15 308,26 402,97 1,9110
15 553,30 422,13 2,0253 -10 314,55 406,01 1,9226
20 563,15 425,35  2,0364 -5 320,84 409,08 1,9342
25 573,00 428,61 2,0474 0 327,13 412,18 1,9456

5 333,40 415,32 1,9570

-50 0,646 10 339,68 418,49 1,9683
-50 32481 383,09 1,8473 15 345,94 421,69 1,9795
-45 332,42 385,83 1,8594 20 352,20 424,93 1,9907
-40 340,04 388,62 1,8715 25 358,46 428,19  2,0017
-35 347,68 391,46 1,8835 30 364,70 431,48  2,0126

-30 355,33 394,34 1,8955
-25 362,98 397,26 1,9074

-20 370,63 400,22 1,9192 -45 0,830

-15 378,28 403,22 1,9309 -45 257,22 385,55 1,8347
-10 385,93 406,25 1,9426 -40 263,20 388,33 1,8467
-5 393,58 409,32 1,9541 -35 269,20 391,16 1,8587
0 401,22 41242 1,9656 -30 275,20 394,03 1,8707
5 408,85 415,55 1,9769 -25 281,20 396,95 1,8825
10 416,48 418,71 1,9882 -20 287,21 399,91 1,8944
15 424,10 421091 1,9994 -15 293,22 402,91 1,9061
20 431,72 425,14  2,0105 -10 299,22 405,94 1,9177
25 439,32 428,39  2,0215 -5 305,22 409,02 1,9293
30 446,93 431,68  2,0325 0 311,21 412,12 1,9408

5 317,20 415,26 1,9522
10 323,18 418,43 1,9635

-48 0,715 15 329,16 421,63 1,9747
-48 295,46 384,08 1,8421 20 335,13 42487 1,9858
-45 299,60 385,73 1,8494 25 341,09 428,13 1,9968
-40 306,51 388,51 1,8615 30 347,05 431,43 2,0078
-35 313,43 391,34 1,8735 35 353,00 434,75  2,0187
-30 320,36 394,22 1,8855
-25 327,29 397,14 1,8973 -44 0,871
-20 334,22 400,10 1,9091 -44 245,83 386,04 1,8323
-15 341,16 403,10 1,9209 -40 250,39 388,26 1,8419
-10 348,09 406,13 1,9325 -35 256,11 391,09 1,8539
-5 355,01 409,20 1,9441 -30 261,84 393,96 1,8658
0 361,93 412,31 1,9555 -25 267,57 396,88 1,8777
5 368,85 415,44 1,9669 20 273,30 399,84 1,8895
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15 279,04 402,84  1,9012 35 191,58 390,62  1,8256
10 284,76 405,88  1,9129 30 195,96 39348  1,8375
5 290,49 408,95  1,9245 25 200,34 39640  1,8494
0 29621 412,05  1,9359 20 204,72 39936  1,8612
5 301,92 415,19  1,9473 15 209,11 402,36  1,8729
10 307,63 41837  1,9586 210 213,48 405,40  1,8846
15 313,33 421,57  1,9698 5 217,86 408,48  1,8962
20 319,03 424,81 19810 0 22223 411,60 1,9077
25 324,72 428,07  1,9920 5 22659 414,75 19191
30 330,40 431,37 2,0030 10 230,94 417,93  1,9305
35 336,07 434,70  2,0139 15 23529 421,14 11,9417
20 239,64 42439 19529
42 0,959 25 243,97 427,67  1,9640
42 22482 387,01  1,8275 30 24830 43098  1,9750
40 226,90 388,12 1,8323 35 252,62 43432 1,9859
35 232,12 390,94  1,8443 40 256,94 437,68  1,9968
30 237,34 393,81  1,8562
25 24257 396,73 1,8681 36 1,263
20 24780 399,69  1,8799 36 173,65 389,87  1,8141
15 253,03 402,69  1,8917 35 17445 39043 18165
10 25826 405,73 1,9033 30 178,47 39330  1,8284
5 26348 408,80  1,9149 25 182,50 39621  1,8402
0 268,69 41191  1,9264 20 186,52 399,17 1,8520
5 27391 41506  1,9378 15 190,54 402,17 1,8638
10 279,11 41823  1,949] 10 194,56 40522  1,8775
15 28431 421,44  1,9603 5 198,58 408,30  1,8871
20 289,50 424,68 19715 0 202,59 411,42  1,8986
25 29469 42795 19825 5 20659 414,57  1,9100
30 29986 431,25 1,9935 10 210,59 417,76 19214
35 305,04 43458 20044 15 214,58 420,98  1,9327
20 218,57 42423  1,9438
40 1,053 25 22254 42751  1,9549
40 205,94 387,97  1,8229 30 226,51 430,83 1,9660
35 210,71 390,79  1,8349 35 230,48 434,17 1,9669
30 215,49 393,65  1,8468 40 23443 43754  1,9878
25 22027 396,57  1,8587
20 225,05 399,53 18705 34 1,380
15 229,83 402,53  1,8822 34 159,82 390,80  1,8098
10 234,61 405,57  1,8939 30 162,78 393,10  1,8193
523939 408,65  1,9055 25 166,48 396,01  1,8312
0 244,16 411,76  1,9170 20 170,19 398,97  1,8430
5 24892 41491  1,9284 15 173,89 401,97  1,8548
10 253,68 418,09  1,9397 10 177,59 405,02 1,8664
15 25843 42130  1,9510 5 181,28 408,10  1,8781
20 263,17 42454 19621 0 184,97 41123  1,8896
25 267,90 427,81 19732 5 188,65 41438  1,9010
30 272,63 431,12 1,9842 10 19233 417,58 19124
35 27736 43445  1,9951 15 196,00 420,80  1,9237
40 282,07 437,82 2,0059 20 199,66 424,06  1,9349
25 203,32 42734 1,9460
38 1,154 30 206,97 430,01 19571
38 188,96 388,92 18185 35 210,61 43401  1,9680
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40 214,24 437,38 1,9789 20 153,57 423,46 1,9089
45 217,87 440,79 1,9897 25 156,45 426,76 1,9201
30 159,31 430,09 1,9311
-32 1,506 35 162,17 433,46 1,9422
-32 147,31 391,73 1,8057 40 165,02 436,85 1,9531
-30 148,68 392,88 1,8104 45 167,86 440,27 1,9639
-25 152,09 395,79 1,8223 50 170,70 443,72 1,9747
-20 155,51 398,75 1,8341
-15 158,92 401,76 1,8458 -26 1,936
-10 162,33 404,81 1,8575 -26 116,32 394,45 1,7938
-5 165,74 407,89 1,8692 -25 116,87 395,03 1,7962
0 169,14 411,02 1,8807 -20 119,58 398,00 1,8080
5 172,53 414,18 1,8922 -15 122,29 401,01 1,8198
10 175,92 417,38 1,9036 -10 124,99 404,07 1,8315
15 179,30 420,61 1,9149 -5 127,70 407,17 1,8432
20 182,67 423,87 1,9261 0 130,39 410,31 1,8548
25 186,04 427,16 1,9372 5 133,08 413,49 1,8663
30 189,40 430,49 1,9483 10 135,76 416,70 1,8778
35 192,75 433,84 1,9593 15 138,44 419,95 1,8891
40 196,10 437,22 1,9702 20 141,11 423,23 1,9004
45 199,43 440,63 1,9810 25 143,77 426,54 1,9116
30 146,42 429,88 1,9227
-30 1,640 35 149,06 ~ 433,25 1,9338
-30 13598 392,65 1,8016 40 151,70 436,65 1,9447
-25 139,13 395,56 1,8135 45 154,33 440,08 1,9556
-20 142,29 398,52 1,8253 50 156,96 443,53 1,9664
-15 145,44 401,52 1,8371
-10 148,59 404,58 1,8488 -24 2,098
-5 151,74 407,67 1,8604 -24 107,80 395,33 1,7901
0 154,88 410,80 1,8720 -20 109,82 397,71 1,7995
5 158,01 413,97 1,8835 -15 112,34 400,72 1,8113
10 161,14 417,17 1,8949 -10 114,85 403,78 1,8230
15 164,26 420,40 1,9062 -5 117,37 406,89 1,8347
20 167,37 423,67 1,9174 0 119,87 410,04 1,8464
25 170,48 426,97 1,9286 5 122,37 413,22 1,8579
30 173,58 430,30 1,9397 10 124,86 416,44 1,8694
35 176,67 433,66 1,9506 15 127,34 419,69 1,8808
40 179,76 437,04 1,9616 20 129,82 422,98 1,8921
45 182,83 440,46 1,9724 25 132,29 426,30 1,9033
50 185,91 443,90 1,9831 30 134,75 429,65 1,9144
35 137,20 433,03 1,9255
-28 1,783 40 139,65 436,43 1,9365
-28 125,68 393,55 1,7977 45 142,09 439,87 1,9473
-25 127,44 395,30 1,8048 50 144,52 443,33 1,9581
-20 130,36 398,27 1,8166 55 146,95 446,82 1,9689
-15 133,28 401,28 1,8284
-10 136,20 404,33 1,8401 =22 2,271
-5 139,11 407,43 1,8517 -22 100,03 396,21 1,7864
0 142,02 410,56 1,8633 -20 100,97 397,40 1,7911
5 144,92 413,73 1,8748 -15 103,31 400,42 1,8029
10 147,81 416,94 1,8863 -10 105,66 403,48 1,8147
15 150,70 420,18 1,8976 -5 108,00 406,59 1,8264
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0 110,33 409,74 1,8380 -10 82,78 402,44 1,7900
5 112,65 412,94 1,8496 -5 84,69 405,57 1,8017
10 114,97 416,16 1,8611 0 86,60 408,75 1,8135
15 117,28 419,42 1,8725 5 88,50 411,96 1,8251
20 119,59 422,72 1,8838 10 90,38 415,21 1,8367
25 121,88 426,04 1,8951 15 92,27 418,50 1,8482
30 124,17 429,40 1,9063 20 94,14 421,82 1,8596
35 126,45 432,79 1,9173 25 96,00 425,17 1,8710
40 128,72 436,20 1,9283 30 97,86 428,56 1,8822
45 130,99 439,64 1,9392 35 99,71 431,97 1,8934
50 133,25 443,11 1,9500 40 101,55 43541 1,9045
55 135,50 446,61 1,9608 45 103,39 438,88 1,9155

50 105,22 442 37 1,9264

-20 2,455 55 107,04 445,90 1,9372
-20 92,93 397,07 1,7828 60 108,85 449,44 1,9479
-15 95,12 400,09 1,7946 -14 3,074
-10 97,31 403,16 1,8063 -14 75,02 399,57 1,7724
-5 99,49 406,27 1,8181 -10 76,46 402,05 1,7818
0 101,66 409,43 1,8298 -5 78,26 405,19 1,7937
5 103,83 412,63 1,8414 0 80,04 408,37 1,8054
10 105,99 415,87 1,8529 5 81,82 411,59 1,8171
15 108,15 419,14 1,8643 10 83,60 414,85 1,8287
20 110,29 422,44 1,8757 15 85,36 418,15 1,8403
25 112,43 425,77 1,8870 20 87,11 421,48 1,8517
30 114,56 429,14 1,8982 25 88,86 424,85 1,8631
35 116,68 432,53 1,9093 30 90,60 428,44 1,8744
40 118,80 435,95 1,9203
45 120,91 439,40 1,9312 35 92,33 431,66 1,8856
50 123,01 442 .88 1,9421 40 94,05 435,11 1,8967
55 125,10 446,39 1,9528 45 95,77 438,59 1,9077
60 127,19 449,92 1,9635 50 97,48 442,10 1,9187

-18 2,649 55 99,18 445,63 1,9295
-18 86,43 397,92 1,7792 60 100,88 449,18 1,9403
-15 87,66 399,74 1,7863 65 102,57 452,77 1,9509
-10 89,71 402,81 1,7981 -12 3,305
-5 91,75 405,94 1,8099 -12 70,01 400,38 1,7690
0 93,78 409,10 1,8216 -10 70,69 401,63 1,7738
5 95,81 412,31 1,8332 -5 72,37 404,77 1,7856
10 97,83 415,55 1,8448 0 74,05 407,96 1,7974
15 99,84 418,83 1,8562 5 75,73 411,20 1,8092
20 101,84 422,14 1,8676 10 77,39 414,47 1,8208
25 103,83 425,48 1,8789 15 79,05 417,78 1,8324
30 105,82 428,86 1,8902 20 80,69 421,12 1,8439
35 107,80 432,26 1,9013 25 82,33 424,50 1,8553
40 109,77 435,69 1,9123 30 83,96 427,90 1,8666
45 111,74 439,15 1,9233 35 85,59 431,33 1,8779
50 113,70 442 64 1,9342 40 87,20 434,80 1,8890
55 115,65 446,15 1,9450 45 88,81 438,28 1,9001
60 117,60 449,69 1,9557 50 90,41 441,80 1,9110

-16 2,856 55 92,01 445,34 1,9219
-16 80,48 398,75 1,7758 60 93,59 448,91 1,9327
-15 80,87 399,36 1,7781 65 95,17 462,50 1,9434
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-10 3,549 65 76,530 451,60 1,9213
-10 65,40 401,18 1,7658 70 77,832 455,25 1,9320
-5 66,99 404,33 1,7777 -4 4,363
0 68,57 407,53 1,7895 -4 53,619 403,47 1,7563
5 70,15 410,78 1,8013 0 54,691 406,07 1,7659
10 71,71 414,06 1,8130 5 56,022 409,35 1,7778
15 73,27 417,39 1,8246 10 57,344 412,68 1,7897
20 74,82 420,74 1,8361 15 58,656 416,04 1,8014
25 76,36 424,13 1,8476 20 59,959 419,44 1,8131
30 77,89 427,54 1,8589 25 61,253 422 87 1,8247
35 79,42 430,99 1,8702 30 62,538 426,33 1,8362
40 80,93 434,46 1,8814 35 63,814 429,81 1,8476
45 82,44 437,96 1,8925 40 65,081 433,33 1,8589
50 83,94 441,49 1,9035 45 66,341 436,87 1,8701
55 85,44 445,04 1,9144 50 67,593 440,43 1,8813
60 86,93 448,62 1,9252 55 68,838 444,02 1,8923
65 88,41 452,22 1,9359 60 70,076 447,63 1,9032
70 89,88 455,84 1,9466 65 71,307 451,27 1,9140
-8 3,807 70 72,532 454,93 1,9248
-8 61,153 401,96 1,7626 75 73,751 458,61 1,9354
-5 62,054 403,86 1,7697 -2 4,664
0 63,548 407,08 1,7816 -2 50,276 404,21 1,7533
5 65,035 410,33 1,7934 0 50,784 405,52 1,7581
10 66,512 413,63 1,8052 5 52,048 408,82 1,7700
15 67,981 416,96 1,8168 10 53,302 412,16 1,7820
20 69,440 420,33 1,8284 15 54,546 415,54 1,7938
25 70,891 423,73 1,8399 20 55,781 418,95 1,8055
30 72,334 427,16 1,8513 25 57,005 422,40 1,8172
35 73,768 430,62 1,8626 30 58,221 425,87 1,8287
40 75,194 434,10 1,8738 35 59,428 429,37 1,8402
45 76,612 437,62 1,8850 40 60,626 432,90 1,8516
50 78,024 441,15 1,8960 45 61,816 436,46 1,8628
55 79,428 44472 1,9069 50 62,999 440,03 1,8740
60 80,825 448 31 1,9178 55 64,174 443,64 1,8850
65 82,216 451,92 1,9286 60 65,341 447,26 1,8960
70 83,601 455,55 1,9392 65 66,503 450,91 1,9069
-6 4,078 70 67,657 454,59 1,9177
-6 57,236 402,72 1,7594 75 68,806 458,28 1,9283
-5 57,520 403,36 1,7618 0 4,979
0 58,934 406,59 1,7737 0 47,182 404,93 1,7503
5 60,339 409,86 1,7856 5 48,384 408,25 1,7623
10 61,735 413,17 1,7974 10 49,576 411,61 1,7743
15 63,122 416,52 1,8091 15 50,758 415,00 1,7862
20 64,500 419,90 1,8207 20 51,930 418,44 1,7980
25 65,869 423,31 1,8323 25 53,092 421,90 1,8097
30 67,229 426,76 1,8437 30 54,244 425,39 1,8213
35 68,580 430,23 1,8551 35 55,387 428,91 1,8328
40 69,924 433,73 1,8664 40 56,522 432,45 1,8442
45 71,259 437,25 1,8775 45 57,648 436,02 1,8555
50 72,587 440,80 1,8886 50 58,766 439,62 1,8667
55 73,908 44438 1,8996 55 59,877 443,24 1,8778
60 75,232 447,98 1,9105 60 60,981 446,88 1,8889
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65 62,077 450,54 1,8998 60 49,812 445,58 1,8677
70 63,168 454,22 1,9106 65 50,744 449,29 1,8788
75 64,252 457,93 1,9213 70 51,670 453,02 1,8897
80 65,330 461,66 1,93199 75 52,590 456,77 1,9006
2 5,311 80 53,503 460,54 1,9113
2 44315 405,63 1,7473 85 54,410 464,33 1,9220
5 45,001 407,64 1,7545 8 6,404
10 46,137 411,02 1,7666 8 36,890 407,64 1,7386
15 47,262 414,44 1,7786 10 37,286 409,02 1,7435
20 48376 417,89 1,7904 15 38,269 412,51 1,7557
25 49,481 421,37 1,8022 20 39,239 416,03 1,7679
30 50,575 424,88 1,8139 25 40,198 419,58 1,7799
35 51,660 428,42 1,8255 30 41,146 423,16 1,7918
40 52,7736 431,98 1,8369 35 42,083 426,76 1,8036
45 53,804 435,57 1,8483 40 43,011 430,38 1,8152
50 54,863 439,18 1,8596 45 43,929 434,03 1,8268
55 55,915 442,81 1,8707 50 44,839 437,70 1,8382
60 56,959 446,47 1,8818 55 45,7740 441,90 1,8495
65 57,996 450,14 1,8927 60 46,634 445,10 1,8608
70 59,027 453,84 1,9036 65 47,520 448,84 1,8719
75 60,052 457,57 1,9144 70 48,399 452,58 1,8829
80 61,071 461,31 1,9250 75 49,272 456,34 1,8938
4 5,658 80 50,138 460,13 1,9046
4 41,655 406,32 1,7444 85 50,999 463,94 1,9153
5 41,874 406,99 1,7468 10 6,8032
10 42,958 410,39 1,7589 10 34,754 408,27 1,7358
15 44,031 413,83 1,7710 15 35,697 411,79 1,7481
20 45,093 417,30 1,7829 20 36,627 415,33 1,7603
25 46,144 420,81 1,7948 25 37,545 418,91 1,7724
30 47,185 424,34 1,8065 30 38,452 422,51 1,7844
35 48,217 427,89 1,8181 35 39,348 426,14 1,7963
40 49,239 43148 1,8297 40 40,234 429,79 1,8080
45 50,253 435,08 1,8411 45 41,111 433,46 1,8197
50 51,258 438,71 1,8524 50 41,978 437,15 1,8312
55 52,255 442,36 1,8636 55 42,837 440,86 1,8426
60 53,245 446,03 1,8747 60 43,688 444,59 1,8538
65 54,228 449,73 1,8857 65 44,531 448,34 1,8650
70 55,204 453,44 1,8966 70 45,368 452,11 1,8761
75 56,174 457,18 1,9074 75 46,197 455,89 1,8870
80 57,138 460,93 1,9182 80 47,021 459,70 1,8979
6 6,022 85 47,838 463,52 1,9086
6 39,186 406,98 1,7415 90 48,650 467,36 1,9193
10 40,015 409,73 1,7512 12 7,220
15 41,040 413,19 1,7634 12 32,7763 408,88 1,7330
20 42,054 416,69 1,7754 15 33,306 411,02 1,7405
25 43,057 420,21 1,7873 20 34,200 414,60 1,7528
30 44,050 423,76 1,7991 25 35,082 418,20 1,7650
35 45,032 427,34 1,8108 30 35,951 421,83 1,7770
40 46,005 430,95 1,8224 35 36,809 425,49 1,7890
45 46,969 434,57 1,8339 40 37,657 429,16 1,8008
50 47,925 438,22 1,8453 45 38,495 432,86 1,8125
55 48,872 441,89 1,8566 50 39,324 436,57 1,8241
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55 40,143 440,31 1,8356 50 32,425 434,64 1,8030
60 40,955 444,06 1,8469 55 33,145 438,45 1,8148
65 41,759 447,83 1,8582 60 33,856 44227 1,8263
70 42,555 451,61 1,8693 65 34,558 446,11 1,8378
75 43,345 455,42 1,8803 70 35,253 449,97 1,8491
80 44,129 459,24 1,8912 75 35,941 453,84 1,8603
85 44,906 463,08 1,9020 80 36,621 457,72 1,8713
90 45,678 466,93 1,9127 85 37,296 461,62 1,8823
14 7,656 90 37,964 465,53 1,8932
14 30,907 409,48 1,7302 95 38,627 469,46 1,9039
15 31,081 410,20 1,7327 20 9,081
20 31,942 413,81 1,7452 20 26,041 411,14 1,7221
25 32,790 417,45 1,7575 25 26,806 414,90 1,7348
30 33,626 421,11 1,7697 30 27,557 418,68 1,7473
35 34,449 424,80 1,7817 35 28,294 42247 1,7597
40 35,262 428,50 1,7996 40 29,018 426,27 1,7720
45 36,064 432,22 1,8054 45 29,730 430,09 1,7841
50 36,857 435,96 1,8171 50 30,432 433,92 1,7960
55 37,641 439,72 1,8286 55 31,124 437,76 1,8078
60 38,416 443,49 1,8400 60 31,806 441,62 1,8195
65 39,183 447,28 1,8513 65 32,480 445,48 1,8310
70 39,943 451,09 1,8625 70 33,146 449,36 1,8424
75 40,696 454,92 1,8736 75 33,804 453,26 1,8536
80 41,443 458,76 1,8845 80 34,456 457,16 1,8648
85 42,183 462,61 1,8954 85 35,100 461,08 1,8758
90 42918 466,49 1,9061 90 35,739 465,01 1,8867
16 8,111 95 36,372 468,96 1,8975
16 29,174 410,05 1,7275 100 37,000 472,92 1,9083
20 29,838 412,98 1,7375 22 9,597
25 30,656 416,65 1,7500 22 24,623 411,66 1,7194
30 31,460 420,35 1,7623 25 25,067 413,94 1,7271
35 32,252 424,06 1,7744 30 25,795 417,76 1,7398
40 33,033 427,80 1,7864 35 26,508 421,60 1,7523
45 33,802 431,55 1,7983 40 27,208 425,44 1,7647
50 34,562 435,32 1,8101 45 27,895 429,30 1,7769
55 35,313 439,10 1,8217 50 28,572 433,16 1,7890
60 36,055 442,90 1,8332 55 29,238 437,04 1,8009
65 36,788 446,71 1,8445 60 29,894 440,92 1,8126
70 37,514 450,54 1,8558 65 30,541 444,82 1,8242
75 38,233 454,39 1,8669 70 31,180 448,73 1,8357
80 38,946 458,25 1,8779 75 31,811 452,65 1,8470
85 39,652 462,13 1,8888 80 32,436 456,58 1,8582
90 40,352 466,02 1,8996 85 33,053 460,52 1,8693
95 41,047 469,93 1,9103 90 33,664 464,47 1,8803
18 8,586 95 34,270 468,44 1,8911
18 27,555 410,61 1,7248 100 34,870 472,42 1,9019
20 27,875 412,09 1,7298 24 10,134
25 28,666 415,80 1,7424 24 23294 412,15 1,7167
30 29,442 419,54 1,7548 25 23,438 412,92 1,7193
35 30,205 423,29 1,7671 30 24,145 416,79 1,7322
40 30,956 427,06 1,7792 35 24,837 420,67 1,7448
45 31,696 430,84 1,7912 40 25,515 424,56 1,7574
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45 26,180 428,46 1,7697 45 21,654 425,63 1,7478
50 26,833 432,36 1,7819 50 22,249 429,68 1,7604
55 27,475 436,27 1,7939 55 22,832 433,71 1,7728
60 28,107 440,19 1,8057 60 23,403 437,75 1,7850
65 28,730 44412 1,8174 65 23,963 441,79 1,7970
70 29,344 448,06 1,8290 70 24,514 445,83 1,8089
75 29,950 452,00 1,8404 75 25,056 449 87 1,8206
80 30,549 455,96 1,8517 80 25,590 453,92 1,8321
85 31,141 459,93 1,8629 85 26,117 457,97 1,8435
90 31,727 463,91 1,8739 90 26,637 462,03 1,8548
95 32,307 467,90 1,8848 95 27,150 466,10 1,8659
100 32,881 471,90 1,8956 100 27,658 470,17 1,8769

26 10,693 105 28,159 47425 1,8877
26 22,048 412,62 1,7140 110 28,656 478,34 1,8985
30 22,599 415,76 1,7244 32 12,507
35 23,272 419,69 1,7373 32 18,744 413,88 1,7060
40 23,929 423,63 1,7500 35 19,120 416,36 1,7140
45 24,574 427,57 1,7625 40 19,732 420,47 1,7273
50 25,205 431,51 1,7748 45 20,326 424,58 1,7403
55 25,825 435,46 1,7869 50 20,905 428,67 1,7531
60 26,435 439,42 1,7989 55 21,471 432,76 1,7656
65 27,036 443,38 1,8107 60 22,025 436,85 1,7780
70 27,627 447,35 1,8223 65 22,569 440,93 1,7901
75 28,210 451,33 1,8338 70 23,102 445,01 1,8021
80 28,786 455,31 1,8452 75 23,626 449,09 1,8139
85 29,355 459,31 1,8564 80 24,141 453,17 1,8256
90 29917 463,31 1,8675 85 24,649 457,26 1,8371
95 30,473 467,33 1,8785 90 25,150 461,35 1,8484
100 31,023 471,35 1,8893 95 25,644 465,44 1,8596
105 31,568 475,38 1,9001 100 26,132 469,54 1,8707

28 11,275 105 26,615 473,65 1,8816
28 20,878 413,06 1,7113 110 27,092 477,76 1,8924
30 21,146 414,66 1,7166 34 13,160
35 21,802 418,65 1,7297 34 17,771 414,25 1,7033
40 22,442 422,64 1,7425 35 17,893 415,09 1,7060
45 23,068 426,63 1,7552 40 18,493 419,28 1,7195
50 23,680 430,62 1,7676 45 19,075 423,46 1,7327
55 24281 434,61 1,7799 50 19,641 427,61 1,7457
60 24,870 438,61 1,7919 55 20,193 431,76 1,7584
65 25,450 442,61 1,8039 60 20,731 435,89 1,7709
70 26,020 446,61 1,8156 65 21,258 440,02 1,7832
75 26,582 450,62 1,8272 70 21,775 444,14 1,7953
80 27,136 454,63 1,8387 75 22,282 448,26 1,8073
85 27,683 458,66 1,8500 80 22,781 452,38 1,8190
90 28,223 462,69 1,8611 85 23,271 456,50 1,8306
95 28,757 466,73 1,8722 90 23,755 460,63 1,8420
100 29,285 470,77 1,8831 95 24,231 464,75 1,8533
105 29,808 474,83 1,8939 100 24,701 468,88 1,8644

30 11,879 105 25,166 473,01 1,8755
30 19,779 413,48 1,7086 110 25,625 477,15 1,8863
35 20,421 417,54 1,7219 36 13,837
40 21,045 421,59 1,7350 36 16,853 414,59 1,7006
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40 17,325 418,01 1,7116 42 16,024
45 17,896 422,26 1,7251 42 14,400 415,44 1,6924
50 18,450 426,49 1,7382 45 14,729 418,16 1,7010
55 18,988 430,69 1,7511 50 15,258 422,65 1,7150
60 19,513 434,88 1,7638 55 15,768 427,09 1,7286
65 20,026 439,06 1,7763 60 16,261 431,48 1,7419
70 20,528 443,23 1,7885 65 16,739 435,85 1,7549
75 21,020 447,40 1,8006 70 17,204 440,19 1,7677
80 21,503 451,56 1,8124 75 17,658 444,51 1,7802
8 21,977 455,71 1,8241 80 18,101 448,81 1,7924
90 22,444 459,87 1,8356 85 18,535 453,10 1,8045
95 22,904 464,03 1,8470 90 18,960 457,37 1,8163
100 23,358 468,19 1,8582 95 19,377 461,64 1,8280
105 23,805 472,35 1,8693 100 19,788 465,91 1,8395
110 24,247 476,52 1,8803 105 20,191 470,17 1,8509
115 24,684 480,69 1,8911 110 20,589 474,43 1,8621
38 14,539 115 20,982 478,69 1,8731
38 15,988 414,90 1,6979 120 21,369 482,95 1,8840
40 16,219 416,65 1,7035 44 16,806
45 16,782 420,99 1,7172 44 13,670 415,66 1,6896
50 17,326 425,29 1,7306 45 13,778 416,59 1,6926
55 17,853 429,56 1,7438 50 14,304 421,19 1,7069
60 18,366 433,81 1,7566 55 14,808 425,73 1,7208
65 18,866 438,05 1,7692 60 15,294 430,21 1,7344
70 19,354 442,27 1,7816 65 15,763 434,65 1,7476
75 19,832 446,48 1,7938 70 16,219 439,06 1,7606
80 20,300 450,69 1,8058 75 16,662 443,44 1,7732
85 20,760 454,88 1,8176 80 17,094 447,79 1,7857
90 21,212 459,08 1,8292 85 17,516 452,13 1,7979
95 21,657 463,27 1,8407 90 17,929 456,46 1,8098
100 22,095 467,46 1,8520 95 18,335 460,77 1,8216
105 22,527 471,66 1,8632 100 18,733 465,07 1,8333
110 22,953 475,85 1,8742 105 19,124 469,37 1,8447
115 23,374 480,05 1,8851 110 19,509 473,67 1,8560
40 15,268 115 19,889 477,96 1,8671
40 15,171 415,19 1,6952 120 20,263 482,25 1,8781
45 15,728 419,62 1,7092 46 17,617
50 16,264 424,01 1,7229 46 12,979 415,85 1,6868
55 16,782 428,36 1,7363 50 13,397 419,63 1,6986
60 17,284 432,68 1,7493 55 13,897 424,27 1,7129
65 17,772 436,98 1,7621 60 14,377 428,85 1,7267
70 18,248 441,26 1,7747 65 14,839 433,38 1,7402
75 18,713 445,52 1,7870 70 15,286 437,86 1,7533
80 19,168 449,77 1,7991 75 15,720 442,31 1,7662
85 19,614 454,01 1,8111 80 16,142 446,72 1,7788
90 20,052 458,25 1,8228 85 16,554 451,12 1,7912
95 20,483 462,48 1,8344 90 16,957 455,49 1,8033
100 20,907 466,70 1,8458 95 17,351 459,85 1,8152
105 21,324 470,93 1,8570 100 17,738 464,20 1,8269
110 21,736 475,16 1,8681 105 18,117 468,54 1,8385
115 22,142 479,39 1,8791 110 18,491 472,87 1,8499
120 22,543 483,62 1,8899 115 18,858 477,19 1,8611
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120 19,220 481,52 1,8722 120 15,197 477,80 1,8452
125 19,557 485,84 1,8831 125 15,508 482,28 1,8566
48 18,457 130 15,814 486,75 1,8677
48 12,325 416,00 1,6840 135 16,115 491,22 1,8787
50 12,532 417,94 1,6900 60 24,145
55 13,031 422,72 1,7047 60 9,033 415,99 1,6656
60 13,506 427,40 1,7188 65 9,501 421,61 1,6824
65 13,963 432,03 1,7326 70 9,934 426,99 1,6982
70 14,403 436,59 1,7460 75 10,341 432,20 1,7132
75 14,829 441,11 1,7591 80 10,727 437,28 1,7277
80 15,242 445,60 1,7719 85 11,095 442,25 1,7417
85 15,645 450,05 1,7844 90 11,448 447,14 1,7552
90 16,038 454,48 1,7967 95 11,789 451,96 1,7684
95 16,422 458,89 1,8087 100 12,119 456,72 1,7813
100 16,798 463,28 1,8206 105 12,440 461,44 1,7938
105 17,167 467,66 1,8323 110 12,752 466,11 1,8061
110 17,529 472,03 1,8437 115 13,056 470,76 1,8182
115 17,885 476,40 1,8551 120 13,353 475,38 1,8300
120 18,236 480,75 1,8662 125 13,645 479,97 1,8416
125 18,581 485,11 1,8772 130 13,930 484,55 1,8530
50 19,327 135 14,211 489,11 1,8643
50 11,704 416,11 1,6811 140 14,487 493,66 1,8753
55 12,204 421,04 1,6962 65 26,873
60 12,678 425,86 1,7108 65 7,919 415,40 1,6570
65 13,131 430,58 1,7249 70 8,380 421,49 1,6749
70 13,565 435,24 1,7385 75 8,800 427,24 1,6915
75 13,984 439,85 1,7519 80 9,190 432,74 1,7072
80 14,390 444,40 1,7649 85 9,557 438,07 1,7222
85 14,784 448,92 1,7776 90 9,905 443,25 1,7365
90 15,168 453,41 1,7900 95 10,237 448,33 1,7504
95 15,543 457,88 1,8022 100 10,557 453,32 1,7639
100 15,909 462,32 1,8142 105 10,865 458,23 1,7770
105 16,268 466,75 1,8260 110 11,163 463,09 1,7897
110 16,620 471,16 1,8376 115 11,452 467,89 1,8022
115 16,966 475,56 1,8490 120 11,734 472,66 1,8144
120 17,306 479,96 1,8603 125 12,009 477,39 1,8263
125 17,641 484,34 1,8713 130 12,278 482,09 1,8381
130 17,971 488,73 1,8823 135 12,541 486,76 1,8496
55 21,635 140 12,799 491,42 1,8609
55 10,286 416,20 1,6736 145 13,053 496,05 1,8721
60 10,767 421,44 1,6894 70 29,832
65 11,218 426,52 1,7046 70 6,918 414,35 1,6475
70 11,645 431,48 1,7191 75 7,381 421,04 1,6668
75 12,053 436,33 1,7332 80 7,793 427,22 1,6845
80 12,445 441,11 1,7468 85 8,171 433,07 1,7009
85 12,823 445,83 1,7600 90 8,522 438,68 1,7165
90 13,189 450,49 1,7730 95 8,852 444,10 1,7313
95 13,544 455,11 1,7856 100 9,167 449,39 1,7456
100 13,890 459,70 1,7980 105 9,467 454,56 1,7593
105 14,227 464,25 1,8101 110 9,756 459,64 1,7727
110 14,557 468,79 1,8220 115 10,034 464,65 1,7857
115 14,880 473,30 1,8337 120 10,304 469,59 1,7983
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125 10,566 474,48 1,8107 125 7,1121 463,16 1,7594
130 10,821 479,33 1,8228 130 7,3439 468,69 1,7732
135 11,070 484,14 1,8346 135 7,5664 474,10 1,7866
140 11,313 488,91 1,8463 140 7,7807 479,42 1,7995
145 11,551 493,66 1,8577 145 7,9880 484,66 1,8122
150 11,785 498,39 1,8689 150 8,1890 489,84 1,8245

75 33,042 155 8,3845 494,95 1,8365
75 6,010 412,67 1,6366 160 8,5751 500,02 1,8482
80 6,485 420,18 1,6580 165 8,7611 505,05 1,8598
85 6,895 426,91 1,6770 44,374
90 7,263 433,17 1,6943 90 3,5860 399,75 1,5855
95 7,602 439,10 1,7105 95 4,2638 413,92 1,6241
100 7,918 44479 1,7259 100 4,7103 423,56 1,6502
105 8,216 450,31 1,7406 105 5,0731 431,66 1,6717
110 8,500 455,68 1,7547 110 5,3889 438,94 1,6908
115 8,771 460,94 1,7683 115 5,6735 445,68 1,7083
120 9,032 466,11 1,7816 120 5,9355 452,06 1,7247
125 9,285 471,20 1,7944 125 6,1801 458,17 1,7401
130 9,529 476,22 1,8070 130 6,4108 464,07 1,7548
135 9,766 481,19 1,8192 135 6,6301 469,79 1,7689
140 9,997 486,12 1,8312 140 6,8398 475,39 1,7826
145 10,223 491,00 1,8430 145 7,0413 480,87 1,7958
150 10,444 495,85 1,8545 150 7,2357 486,26 1,8086
155 10,659 500,67 1,8658 155 7,4239 491,27 1,8210

80 36,520 160 7,6065 496,81 1,8332
80 5,173 410,12 1,6238 165 7,7842 501,99 1,8451
85 5,676 418,81 1,6482 170 7,9575 507,13 1,8568
90 6,090 426,24 1,6689 48,801
95 6,452 432,99 1,6873 95 2,5992 384,72 1,5405
100 6,781 439,30 1,7043 100 3,6423 410,00 1,6089
105 7,085 44530 1,7203 105 4,1194 421,42 1,6393

110 4,4866 430,45 1,6630

110 7,369 451,07 1,7355 115 4,7984 438,34 1,6834
115 7,638 456,66 1,7500 120 5,0753 445,54 1,7019
120 7,895 462,12 1,7639 125 5,3277 452,27 1,7189
125 8,140 467,46 1,7774 130 5,5618 458,67 1,7349
130 8,377 472,70 1,7905 135 5,7814 464,82 1,7500
135 8,605 477,87 1,8033 140 5,9892 470,76 1,7645
140 8,827 482,97 1,8157 145 6,1873 476,55 1,7784
145 9,042 488,02 1,8278 150 6,3771 482,21 1,7919
150 9,252 493,01 1,8397 155 6,5598 487,75 1,8049
155 9,457 497,97 1,8514 160 6,7362 493,20 1,8176
160 9,657 502,89 1,8628 165 6,9070 498,58 1,8299

85 40,289 170 7,0731 503,88 1,8419
85 4,3804 406,22 1,6078 175 7,2347 509,13 1,8537
90 4,9397 416,79 1,6371
95 5,3650 425,15 1,6600
100 5,7260 432,50 1,6798
105 6,0472 439,25 1,6978
110 6,3405 445,60 1,7145
115 6,6131 451,66 1,7302
120 6,8692 457,50 1,7451
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BANG 7: BANG HOI BAO HOA R134a

T p \4 V" h' h" r s' s"

°C bar m’/kg | m'/kg | klkg | klkg kl/kg | kJ/(kg.°C) | kJ/(kg.°C)
-100 0,0057 0,0006 |25 77,3 337,2 2599 0,4448 1,946
-99 0,0063 0,0006 | 22,7273 | 78,4 337,8 259.4 0,4514 1,9407
-98 0,007 0,0006 | 20,4082 | 79,6 3384 258,8 0,4581 1,9356
-97 0,0077 0,0006 18,5185 | 80,7 339 258,2 0,4646 1,9306
-96 0,0086 0,0006 16,9492 | 81,9 339,6 257,7 0,4711 1,9257
-95 0,0095 0,0006 15,3846 | 83 340,1 257,1 0,4776 1,9209
-94 0,0104 0,0006 13,8889 | 84,2 340,7 256,6 0,4841 1,9161
-93 0,0115 0,0006 12,6582 | 85,3 3413 256 0,4905 1,9115
-92 0,0127 0,0006 11,6279 | 86,5 3419 255,4 0,4968 1,907
91 0,014 0,0006 10,6383 | 87,6 342.5 2549 0,5032 1,9025
-90 0,0153 0,0006 | 9,7087 88,8 343,1 2543 0,5095 1,8982
-89 0,0168 0,0006 | 8,9286 89,9 343,7 253,8 0,5158 1,8939
-88 0,0184 0,0006 8,1967 91,1 3443 2532 0,522 1,8898
-87 0,0202 0,0006 | 7,5188 92,3 3449 252,7 0,5282 1,8857
-86 0,022 0,0006 | 6,8966 93,4 345.,5 252,1 0,5344 1,8817
-85 0,0241 0,0006 | 6,3291 94,6 346,2 251,6 0,5406 1,8778
-84 0,0263 0,0007 | 5,848 95,7 346,8 251 0,5467 1,8739
-83 0,0286 0,0007 | 5,4054 96,9 3474 250,5 0,5528 1,8702
-82 0,0311 0,0007 | 4,9751 98 348 249.9 0,5589 1,8665
-81 0,0339 0,0007 | 4,6083 99,2 348.6 249.,4 0,565 1,8629
-80 0,0368 0,0007 | 4,2553 100,4 3492 248,8 0,571 1,8594
-79 0,0399 0,0007 | 3,9526 101,5 349,8 248,3 0,577 1,8559
-78 0,0433 0,0007 | 3,663 102,7 3504 247,7 0,583 1,8525
=77 0,0469 0,0007 | 3,3898 103,9 351,1 247.2 0,589 1,8492
-76 0,0507 0,0007 | 3,1546 105 351,7 246,6 0,5949 1,846
-75 0,0548 0,0007 | 2,9326 106,2 3523 246,1 0,6009 1,8428
-74 0,0592 0,0007 | 2,7248 107,4 3529 245.5 0,6068 1,8397
-73 0,0639 0,0007 | 2,5381 108,6 353,5 245 0,6126 1,8366
=72 0,0689 0,0007 | 2,3641 109,7 3542 244.4 0,6185 1,8336
-71 0,0742 0,0007 | 2,2075 110,9 354,8 2439 0,6243 1,8307
-70 0,0798 0,0007 | 2,0576 112,1 355,4 2433 0,6302 1,8279
-69 0,0858 0,0007 1,9231 113,3 356 2428 0,636 1,8251
-68 0,0922 0,0007 1,7986 114,5 356,6 2422 0,6417 1,8223
-67 0,0989 0,0007 1,6835 115,6 357,3 241,6 0,6475 1,8196
-66 0,1061 0,0007 1,5773 116,8 357.9 241,1 0,6532 1,817
-65 0,1137 0,0007 1,4771 118 358,5 240,5 0,659 1,8144
-64 0,1218 0,0007 1,385 119,2 359,2 2399 0,6647 1,8119
-63 0,1303 0,0007 1,3004 120,4 359.8 239.,4 0,6704 1,8095
-62 0,1393 0,0007 1,221 121,6 360,4 238.,8 0,676 1,8071
-61 0,1488 0,0007 1,1481 122,8 361 238,2 0,6817 1,8047
-60 0,1589 0,0007 1,0799 124 361,7 237,7 0,6873 1,8024
-59 0,1695 0,0007 1,0163 125,2 362,3 237,1 0,6929 1,8001
-58 0,1807 0,0007 | 0,9579 126,4 362,9 236,5 0,6985 1,7979
-57 0,1925 0,0007 | 0,9025 127,6 363,6 236 0,7041 1,7958
-56 0,2049 0,0007 | 0,8511 128,8 364,2 2354 0,7097 1,7937
-55 0,218 0,0007 | 0,8032 130 364,8 2348 0,7152 1,7916
-54 0,2317 0,0007 | 0,7587 131,2 365.4 2342 0,7208 1,7896
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-53 0,2467 |0,0007 | 0,7168 | 1324 366,1 233,6 0,7263 1,7876
-52 0,2614 | 0,0007 | 0,6775 133,7 366,7 233,1 0,7318 1,7857
-51 0,2773 | 0,0007 | 0,641 134,9 367,3 232,5 0,7373 1,7838
-50 0,2941 0,0007 | 0,6068 | 136,1 368 231,9 0,7428 1,7819
-49 0,3116 | 0,0007 | 0,5747 | 1373 368,6 231,3 0,7482 1,7801
-48 0,33 0,0007 | 0,5447 | 138,5 368,7 230,7 0,7537 1,7783
-47 0,3493 | 0,0007 | 0,5165 | 139,8 368,9 230,1 0,7591 1,7766
-46 0,3695 | 0,0007 |0,4907 | 141 370,5 229,5 0,7645 1,7749
-45 0,3906 | 0,0007 | 0,4653 142,2 371,1 228,9 0,7699 1,7732
-44 0,4127 10,0007 | 0,4419 |143,5 371,8 228,3 0,7753 1,7716
-43 0,4358 10,0007 | 0,4198 144,7 372,4 227,17 0,7806 1,77
-42 0,4599 | 0,0007 | 0,3992 | 145,9 373 227,1 0,786 1,7685
-41 0,4851 0,0007 | 0,3798 | 147,2 373,7 226,5 0,7913 1,767
-40 0,5114 | 0,0007 | 0,3614 | 1484 374,3 225,9 0,7967 1,7655
-39 0,5388 | 0,0007 | 0,3441 149,6 374,9 225,3 0,802 1,7641
-38 0,5674 | 0,0007 | 0,3279 | 150,9 375,5 2247 0,8073 1,7627
-37 0,5972 | 0,0007 | 0,3125 152,1 376,2 224 0,8126 1,7613
-36 0,6483 | 0,0007 | 0,298 153,4 376,8 2234 0,8178 1,7599
-35 0,6607 | 0,0007 | 0,2843 154,6 3774 222,8 0,8231 1,7586
-34 0,6943 | 0,0007 | 0,2713 155,9 378,1 2222 0,8283 1,7573
-33 0,7293 10,0007 | 0,259 157,1 378,7 221,5 0,8336 1,7561
-32 0,7658 | 0,0007 | 0,2474 | 1584 379.3 220,9 0,8388 1,7548
-31 0,8036 | 0,0007 | 0,2365 159,7 379,9 220,3 0,844 1,7536
-30 0,8429 | 0,0007 | 0,226 160,9 380,6 219,6 0,8492 1,7525
-29 0,8837 | 0,0007 | 0,2162 | 162,2 381,2 219 0,8544 1,7513
-28 0,9261 0,0007 | 0,2069 | 163,5 381,8 218,3 0,8595 1,7502
-27 0,9702 | 0,0007 | 0,1981 164,7 3824 217,7 0,8647 1,7491
-26 1,0158 10,0007 | 0,189 | 166 383,1 217,1 0,8698 1,7481
-25 1,0632 | 0,0007 |0,1817 |167,3 383,7 216,4 0,875 1,747
-24 1,1122 10,0007 | 0,1741 168,6 3844 215,7 0,8801 1,746
-23 1,1631 0,0007 | 0,1669 | 169,8 384.,9 215,1 0,8852 1,745
-22 1,2157 | 0,0007 | 0,1601 171,1 385,5 214,4 0,8903 1,744
-21 1,2702 | 0,0007 | 0,1536 | 1724 386,2 213,7 0,8954 1,743
-20 1,3267 | 0,0007 | 0,1474 | 173,7 386,8 213,1 0,9005 1,7422
-19 1,385 0,0007 | 0,1415 175 387,4 212,4 0,9055 1,7413
-18 1,4454 | 0,0007 | 0,1359 | 176,3 388 211,7 0,9106 1,7404
-17 1,5078 | 0,0007 | 0,1306 |177,6 388,6 211 0,9157 1,7395
-16 1,5723 10,0007 | 0,1255 178,9 389,2 210,4 0,9207 1,7387
-15 1,639 0,0007 |0,1207 | 180,2 389,8 209,7 0,9257 1,7379
-14 1,7078 10,0007 | 0,116 181,5 390,4 209 0,9307 1,7371
-13 1,7789 10,0007 |0,1116 |182,8 391,1 208,3 0,9357 1,7363
-12 1,8522 10,0008 | 0,1074 | 184,1 391,7 207,6 0,9407 1,7356
-11 1,9279 | 0,0008 | 0,1034 | 1854 392,3 206,9 0,9457 1,7348
-10 2,006 0,0008 | 0,0996 | 186,7 392,9 206,2 0,9507 1,7341
-9 2,0865 | 0,0008 | 0,0959 | 188 393,5 205,4 0,9557 1,7334
-8 2,1695 | 0,0008 | 0,0924 | 189,3 394,1 204,7 0,9606 1,7327
-7 2,255 0,0008 | 0,089 190,7 394,7 204 0,9656 1,7321
-6 2,3432 | 0,0008 | 0,0858 | 192 395,3 203,3 0,9705 1,7314
-5 2,4339 10,0008 | 0,0828 193,3 395,9 202,5 0,9755 1,7308
-4 2,5274 10,0008 | 0,0798 | 194,6 396,4 201,8 0,9804 1,7302
-3 2,6236 | 0,0008 | 0,077 196 397 201,1 0,9853 1,7295
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-2 2,7226 | 0,0008 | 0,0743 197,3 397,6 200,3 0,9902 1,729
-1 2,8245 | 0,0008 | 0,0718 198,7 398,2 199,5 0,9951 1,7284
0 2,9293 | 0,0008 | 0,0693 | 200 398,8 198,8 1 1,7278
1 3,037 0,0008 | 0,0669 | 201,3 3994 198 1,0049 1,7273
2 3,1477 | 0,0008 | 0,0646 |202,7 400 197,3 1,0098 1,7267
3 3,2616 | 0,0008 | 0,0624 | 204 400,5 196,5 1,0146 1,7262
4 3,3785 | 0,0008 | 0,0604 | 205,44 401,1 195,7 1,0195 1,7257
5 3,4987 10,0008 | 0,0583 |206,8 401,7 194,9 1,0244 1,7252
6 3,6221 0,0008 |0,0564 | 208,1 402,3 194,2 1,0292 1,7247
7 3,7488 10,0008 | 0,0546 |209,5 402,8 193,4 1,034 1,7242
8 3,8788 10,0008 | 0,0528 |210,8 403,4 192,6 1,0389 1,7238
9 4,0123 | 0,0008 | 0,0511 |212,2 404 191,8 1,0437 1,7233
10 4,1492 | 0,0008 | 0,0494 | 213,6 404,5 190,9 1,0485 1,7229
11 4,2897 | 0,0008 | 0,0478 | 215 405,1 190,1 1,0533 1,7224
12 4,4337 | 0,0008 |0,0463 |216,4 405,6 189,3 1,0582 1,722
13 4,5811 0,0008 | 0,0448 | 217,7 406,2 188,5 1,063 1,7216
14 4,7325 | 0,0008 | 0,0434 |219,1 406,8 187,6 1,0678 1,7212
15 4,8878 | 0,0008 | 0,0421 | 220,5 407,3 186,8 1,0726 1,7208
16 5,0468 | 0,0008 | 0,0408 |221,9 407,8 185,9 1,0773 1,7204
17 5,2098 | 0,0008 | 0,0395 |2233 408,4 185,1 1,0821 1,72
18 5,3767 10,0008 | 0,0383 |224,7 408,9 184,2 1,0869 1,7196
19 5,5476 | 0,0008 | 0,0371 | 226,1 409,5 183,3 1,0917 1,7192
20 5,7225 | 0,0008 | 0,036 227,5 410 182,5 1,0964 1,7189
21 5,9016 | 0,0008 | 0,0349 | 2289 410,5 181,6 1,1012 1,7185
22 6,0849 | 0,0008 | 0,0338 | 230,4 411 180,7 1,106 1,7182
23 6,2725 | 0,0008 | 0,0328 | 231,8 411,6 179,8 1,1107 1,7178
24 6,4644 | 0,0008 | 0,0318 | 233,2 412,1 178,9 1,1155 1,7175
25 6,6606 | 0,0008 | 0,0309 |234,6 412,6 178 1,1202 1,7171
26 6,8613 | 0,0008 | 0,03 236,1 413,1 177 1,125 1,7168
27 7,0666 | 0,0008 | 0,0291 |237,5 413,6 176,1 1,1297 1,7165
28 7,2764 | 0,0008 | 0,0283 | 2389 414,1 175,2 1,1345 1,7161
29 7,4904 | 0,0008 | 0,0274 |2404 414,6 174,2 1,1392 1,7158
30 7,7102 | 0,0008 | 0,0266 | 241,8 415,1 173,3 1,1439 1,7155
31 7,9343 | 0,0008 | 0,0259 | 2433 415,6 172,3 1,1487 1,7151
32 8,1628 | 0,0008 | 0,0251 |244,8 416,1 171,3 1,1534 1,7148
33 8,3966 | 0,0009 | 0,0244 | 246,2 416,6 170,3 1,1581 1,7145
34 8,6353 | 0,0009 | 0,0237 | 2477 417 169,3 1,1628 1,7142
35 8,8791 0,0009 | 0,023 249,2 417,5 168,3 1,1676 1,7138
36 9,128 0,0009 |0,0224 | 250,6 418 167,3 1,1723 1,7135
37 9,382 0,0009 | 0,0218 |252,1 418,4 166,3 1,177 1,7132
38 9,6414 10,0009 |0,0211 |253,6 418,9 165,3 1,1817 1,7129
39 9,906 0,0009 | 0,0205 | 255,1 419,3 164,2 1,1864 1,7125
40 10,1761 | 0,0009 | 0,02 256,6 419,8 163,2 1,1912 1,7122
41 10,4516 | 0,0009 | 0,0194 | 258,1 420,2 162,1 1,1959 1,7119
42 10,7326 | 0,0009 | 0,0189 | 259,6 420,6 161 1,2006 1,7115
43 11,0193 | 0,0009 | 0,0184 |261,1 421,1 159,9 1,2053 1,7112
44 11,3116 | 0,0009 | 0,0178 | 262,7 421,5 158,8 1,2101 1,7108
45 11,6101 | 0,0009 | 0,0174 | 264,2 421,9 157,7 1,2148 1,7105
46 11,9141 | 0,0009 | 0,0169 | 265,7 4223 156,6 1,2195 1,7101
47 12,2241 | 0,0009 | 0,0164 | 267,3 422,7 155,4 1,2242 1,7097
48 12,5395 10,0009 | 0,016 268,8 423,1 154,3 1,229 1,7093
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49 12,8617 | 0,0009 | 0,0155 |270,4 423,5 153,1 1,2337 1,709
50 13,19 0,0009 | 0,0151 |271,9 423,8 151,9 1,2384 1,7086
51 13,5244 | 0,0009 | 0,0147 | 273,5 424,2 150,7 1,2432 1,7082
52 13,8652 | 0,0009 | 0,0143 | 275,1 424,6 149,5 1,2479 1,7077
53 14,2123 | 0,0009 | 0,0139 | 276,6 4249 148,3 1,2527 1,7073
54 14,5658 | 0,0009 | 0,0135 | 278,2 425,3 147 1,2574 1,7069
55 14,9259 | 0,0009 | 0,0132 | 279,8 425,6 145,8 1,2622 1,7064
56 15,2926 | 0,0009 | 0,0128 | 2814 4259 144,5 1,267 1,7059
57 15,6661 | 0,0009 | 0,0124 | 283 426,2 143,2 1,2717 1,7055
58 16,0463 | 0,0009 | 0,0121 | 284,6 426,5 141,9 1,2765 1,705
59 16,4335 | 0,0009 | 0,0118 | 286,3 426,8 140,5 1,2813 1,7044
60 16,8276 | 0,001 0,0115 | 287,9 427,1 139,2 1,2861 1,7039
61 17,2288 | 0,001 0,0111 | 289,5 4274 137,8 1,2909 1,7033
62 17,6372 | 0,001 0,0108 | 291,2 427,6 136,4 1,2957 1,7028
63 18,0528 | 0,001 0,0105 |292,9 427,9 1350 1,3006 1,7021
64 18,4747 | 0,001 0,0103 | 294,5 428,1 133,6 1,3054 1,7015
65 18,9054 | 0,001 0,01 296,2 428,3 132 1,3102 1,7009
66 19,3436 | 0,001 0,0097 12979 428,5 130,6 1,3151 1,7002
67 19,7894 | 0,001 0,0094 |299,6 428,7 129,1 1,32 1,6995
68 20,2428 | 0,001 0,0092 |301,3 428,8 127,5 1,3249 1,6987
69 20,7042 | 0,001 0,0089 | 303 429 126 1,3298 1,6979
70 21,1734 | 0,001 0,0087 | 304,8 429,1 1244 1,3347 1,6971
71 21,6508 | 0,001 0,0084 | 306,5 429,2 122,7 1,3397 1,6963
72 22,1363 | 0,001 0,0082 | 308,3 429,3 121,1 1,3446 1,6954
73 22,6301 | 0,001 0,0079 | 310,1 429.,4 119,4 1,3496 1,6945
74 23,1323 | 0,001 0,0077 | 311,8 429,5 117,6 1,3547 1,6935
75 23,6431 | 0,001 0,0075 | 313,7 429,5 115,8 1,3597 1,6924
76 24,1625 | 0,001 0,0073 | 315,5 429,5 114 1,3648 1,6913
77 24,6908 | 0,0011 | 0,0071 |317,3 429,5 112,2 1,3699 1,6902
78 25,2279 10,0011 | 0,0069 |319,2 429,4 110,3 1,375 1,689
79 25,7742 10,0011 | 0,0067 | 321 429,3 108,3 1,3801 1,6877
80 26,3297 | 0,0011 | 0,0065 | 322,9 429,2 106,3 1,3854 1,6863
81 26,8946 | 0,0011 | 0,0063 | 324,9 429,1 104,2 1,3906 1,6849
82 27,469 | 0,0011 | 0,0061 |326,8 4289 102,1 1,3959 1,6834
83 28,0531 | 0,0011 | 0,0059 | 328,8 428,7 99,9 1,4012 1,6818
84 28,647 | 0,0011 | 0,0057 | 330,7 428,4 97,7 1,4066 1,68
85 29,2511 | 0,0011 | 0,0055 | 332,8 428,1 95,3 1,4121 1,6782
86 29,8654 | 0,0011 | 0,0053 | 334,88 427,7 92,9 1,4176 1,6762
87 30,4901 | 0,0012 | 0,0051 | 336,9 427,3 90,4 1,4232 1,6741
88 31,1255 10,0012 | 0,005 339 426,8 87,7 1,4289 1,6719
89 31,771 0,0012 | 0,0048 | 341,2 426,2 85 1,4347 1,6694
90 32,4287 | 0,0012 | 0,0046 | 343,44 425,5 82,1 1,4406 1,6668
91 33,0978 | 0,0012 | 0,0044 | 345,7 4248 79,1 1,4466 1,6639
92 33,7785 | 0,0012 | 0,0043 | 348 423,9 75,9 1,4528 1,6607
93 34,4713 | 0,0012 | 0,0041 | 350,4 422,9 72,5 1,4592 1,6572
94 35,1765 | 0,0013 | 0,0039 | 353 421,8 68,9 1,4658 1,6533
95 35,8944 | 0,0013 | 0,0037 | 355,6 420,5 64,9 1,4727 1,6489
96 36,6257 | 0,0013 | 0,0035 | 358,44 418,9 60,5 1,4799 1,6439
97 37,3709 | 0,0014 | 0,0034 |361,3 417 55,7 1,4877 1,6391
98 38,1308 | 0,0014 | 0,0032 | 364,6 414,6 50 1,4968 1,6311
99 38,9064 | 0,0015 | 0,0029 | 3684 411,5 43,2 1,5061 1,6221
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100 39,6994 | 0,0015 | 0,0027 |373,2 407 33,8 1,5187 1,6092
101 40,5135 | 0,0018 | 0,0022 | 383 396 13 1,5447 1,5794
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t % h S

(°C) (m’/kg) (kI/kg) (kJ/(kg.°K))
[p] = bar

66,85  0,1000
-66,85 1,06667 3574 1,819
65 1,68067  358,6  1,8252
60 1,72414  362,0  1,8413
55 1,76678 3654  1,8572
50 1,80832  368,9  1,8730
45 1,84843 3724  1,8886
40 1,89036  376,0  1,9040
35 1,93050  379,6  1,9193
30 1,97239  383,3  1,9345
25 2,01207  387,0  1,9496
20 2,05339  390,7  1,9646
15 2,09644 3945  1,9794
210 2,13675  398,3  1,9941
-5 2,17865 4022 2,0087
0 221729 4062  2,0233
5 226244  410,1  2,0377
10 230415 4141  2,0520
15 234192 4182  2,0662
20 238095 4223  2,0803
25 242718 4265 - 2,0944
30 2,46305  430,7  2,1083
35 250527 4349  2,1222
40  2,54453 4392  2,1360
45 259067  443,5  2,1497
50  2,63458 4479  2,1633
55 2,67380 4523  2,1768
60 271003  456,7  2,1903
65  2,75482 4612  2,2037
70 279330  461,8  2,2170
75 2,83286  470,3  2,2302
80  2,87356 4749 22434
85  2,95450  479,6  2,2465

56,39 0,2000
56,39 0,87032 3639  1,7945
55 087642 364,9  1,7989
50 0,89767 3684 1,819
45 091912 372,0  1,8306
40 093985 3756  1,8462
35 0,96061 3792 1,8617
30 098232 3829  1,8770
25 1,00301  386,6  1,8921
20 1,02354  390,4  1,9072
215 1,04493 3942 1,9221
210 1,06496  398,1  1,9369
0 1,10619 4059 1,966l
5 1,12740 4099  1,9806

BANG 8: BANG HOI QUA NHIET R134a

10 1,14811 413,9 1,9950
15 1,16822  418,0  2,0092
20 1,18906  422,1 2,0234
25 1,20919  426,3  2,0375
30 1,23001 430,5 2,0514
35 1,25156 4347  2,0653
40 1,27226  439,0  2,0791
45 1,29199 4433 2,0929
50 1,31234 447,77  2,1065
55 1,33333  452,1 2,1200
60 1,35318  456,6  2,1335
65 1,37363  461,1 2,1469
70 1,39470  465,6  2,1603
-49,66 00,3000

-49,66  0,59559 3682 1,7813
-45 0,60901 371,5 1,7961
-40  0,62344 3752 1,8118
-35 0,63735 378,8 1,8274
-30  0,65189  382,6 1,8428
-25 0,66578  386,3 1,8581
-20  0,67981 390,1 1,8732
-15 0,69396  393,9 1,8882
-10  0,70771 397.8 1,9031
-5 0,72202  401,7 1,9178
0 0,73584  405,7 1,9324

5 0,74963  409,7 1,9470
10 0,76336  413,7 1,9614
15 0,77760  417,8 1,9757
20 0,79114  421,9 1,9899
25 0,80515  426,1 2,0040
30  0,81900  430,3 2,0180
35 0,83264  434,6  2,0319
40  0,84502 4389  2,0457
45 0,85985 4422  2,0595
50 087413  447,6  2,0731
55 0,88731 452,0  2,0967
60 090171 458,5  2,1002
65 0,91491 461,0  2,1136
70 0,92851 465,5  2,1270
75 0,94251 470,1 2,1432
80  0,95602  474,7  2,1514
85 0,96993 4794  2,1665
90 098328  484,1 2,1796
95 0,99701 488,8  2,1926
100 1,01112  493,6  2,2054
105 1,02459 4984  2,2183
-44,57  0,4000
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-44,57  0,45496 3714 1,7725 50  0,52274 4473 2,0309
-40  0,46490  374,8 1,7871 55 0,53107  451,7  2,0445
-35 0,47574  378.,5 1,8028 60 053937  456,2  2,0580
30 0,48662 3822 1,8183 65 0,54765  460,7  2,0715
-25 0,49727  386,0 1,8336 70 0,55586 465,33  2,0848
20 0,50787  389,8 1,8489 75 0,56402  469,9  2,0981
-15 0,51867  393,6 1,8639 80  0,57241 474,5 2,1113
-10  0,52910  397,5 1,8789 85 0,58072  479,2  2,1245
-5 0,53967  401,5 1,8937 90  0,58893  483,9  2,1375
0 055036 4054 1,9083 95 0,59737  488,6  2,1505
5 0,56085  409,4 1,9229 100  0,60533 4934  2,1635
10 0,57110  413,5 1,9374 105 0,61387  498,3  2,1763
15 0,58173  417,6 1,9517 110 0,62189  503,1 2,1891
20 0,59207  421,7 1,9659 -36,91 0,6000
25 0,60241 4259 1,9801 -36,91 0,31114  376,2 1,7611
30  0,61312 430,11 1,9941 -35 0,31397 377,77 1,7672
35 0,62344 4344  2,0081 -30  0,32134  381,6 1,7830
40  0,63371 438,77  2,0219 -25 0,32873 3853 1,7986
45 0,64392  443,0  2,0357 -20  0,33591 389,2 1,8140
50  0,65445 4474  2,0491 -15 0,34317  393,0 1,8292
55 0,66489 4519  2,0630 -10  0,35039 3970 1,8443
60  0,67522  456,3 2,0765 -5 0,35753 400,9 1,8592
65 0,68540  460,8  2,0899 0 036470  404,9 1,8740
70 0,69589 4654  2,1033 5 0,37189  409,0 1,8887
75 0,70621 470,0  2,1466 10 0,37893  413,1 1,9032
80  0,71633  474,6  2,1497 15 0,38595  417,2 1,9176
85 0,72674  479,3  2,1529 20 0,39308  421,3 1,9319
90  0,73692  484,0  2,1559 25 0,40000  425,5 1,9461
95 0,74738  488,7  2,1689 30  0,40700 429,88 1,9602
100 0,75758  493,5  2,1818 35 0,41408  434,1 1,9742
105 0,76805  498.,3 2,1947 40  0,42105 4384 1,9881
110 0,77821 503,7  2,2074 45 0,42808 442,77  2,0020
-40,43 0,5000 50  0,43497  447,1 2,0157
-40,43 0,36914  374,0 1,7661 55 0,44189  451,6  2,0293
-40  0,36982 3743 1,7675 60  0,44883  456,1 2,0429
-35 0,37864  378,1 1,7833 65 0,45579  460,6  2,0563
-30  0,38745 381,8 1,7990 70 0,46275  465,1 2,0697
-25 0,39604  385,6 1,8144 75 0,46970  469,7  2,0830
-20  0,40469  389,5 1,8297 80 047642 4744  2,0962
-15 0,41339 3933 1,8449 85 0,48356  479,1 2,1094
-10  0,42194 3973 1,8599 90  0,49020  483,8  2,1225
-5 0,43048  401,2 1,8748 95 0,49727  488,5 2,1355
0 043898 4052 1,8895 100  0,50403 4933 2,1484
5 0,44743  409,2 1,9041 105 0,51099  498,2  2,1613
10 0,45579 4133 1,9186 110  0,51787  503,0  2,1741
15 0,46425 4174 1,9330 115 0,52466  507,9  2,1868
20 0,47259 4215 1,9473 -33,83  0,7000
25 0,48100  425,7 1,9614 -33,83 0,26918 378,2 1,7571
30 0,48948  430,0 1,9755 -30  0,27412  381,1 1,7693
35 0,49776  434,2 1,9895 -25 0,28050  385,0 1,7850
40  0,50607  438,5 2,0034 20 0,28678  388.,8 1,8004
45 0,51440 4429  2,0172 -15 0,29308  392,7 1,8158
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-10  0,29931 396,7 1,8309 85 0,36179 478,8 2,0855
-5 0,30553 400,7 1,8459 90 0,36697 483,6 2,0986
0 0,31172 404,7 1,8608 95 0,37216 488,3 2,1116
5 0,31786 408,8 1,8755 100  0,37736  493,1 2,1246
10 0,32394 412,9 1,8901 105 0,38256  498,0  2,1375
15 0,33003 417,0 1,9045 110  0,38775 502,8  2,1503
20 0,33613 421,2 1,9189 115 0,39293 507,8 2,1630
25 0,34211 4254 1,9331 120  0,39809 512,77 2,1757
30 0,34819 429,6 1,9473 -28,61 0,9000
35 0,35423 433,9 1,9613 -28,61 0,21254 381,4 1,7509
40 0,36023 438,2 1,9752 -25 0,21622 384,3 1,7624
45 0,36630 442,6 1,9890 -20  0,22129 388,2 1,7780
50 0,37230 447,0 2,0028 -15 0,22624  392,1 1,7935
55 0,37821 451,44 2,0164 -10  0,23121 396,1 1,8088
60 0,38417 4559 2,0300 -5 0,23613 400,2 1,8240
65 0,39017 460,5 2,0435 0 0,24102 4042 1,8389
70 0,39620 465,0 2,0569 5 0,24589  408,3 1,8538
75 0,40209 469,6 2,0702 10 0,25059 4124 1,8684
80 0,40800 474,3 2,0834 15 0,25519  416,6 1,8830
85 0,41391 478,9 2,0966 20 0,26028  420,8 1,8974
90 0,41982 483,7 2,1097 25 0,26504  425.0 1,9117
95 0,42589 488,4 2,1227 30 0,26976 4293 1,9259
100 0,43178 493,2 2,1357 35 0,27450  433,6 1,9400
105 0,43764 498,1 2,1485 40  0,27925 437,9 1,9540
110 0,44346 502,9 2,1613 45 0,28393 4423 1,9679
115 0,44944 507,8 2,1741 50  0,28860  446,7 1,9816
120 0,45537 512,8 2,1867 55 0,29334  451,2 1,9953

-31,09 0,8000 60  0,29797 455,77  2,0089
-31,09 0,23747 379,9 1,7538 65 0,30266  460,2  2,0225
-30 0,23872 380,7 1,7572 70 0,30731 464,8 2,0359
-25 0,24438 384,6 1,7730 75 0,31201 469,4  2,0492
-20 0,24994 388,5 1,7886 80 031666 4740  2,0625
-15 0,25549 3924 1,8040 85 0,32123 478,77  2,0757
-10 0,26103 396,4 1,8192 90  0,32595 483,5 2,0888
-5 0,26645 400,4 1,8343 95 0,33058  488,2  2,1018
0 0,27196 404,5 1,8492 100  0,33523 493,0  2,1148
5 0,27732 408,5 1,8640 105 0,33979  497,9  2,1277
10 0,28273 412,6 1,8786 110  0,34447 502,8  2,1405
15 0,28810 416,8 1,8931 115 0,34904 507,7  2,1533
20 0,29343 421,0 1,9075 120 0,35351 512,6  2,1659
25 0,29878 425,2 1,9218 125 0,35817 517,6  2,1786
30 0,30404 429,4 1,9359 -26,34 1,0000
35 0,30941 433,7 1,9500 -26,34  0,19246 382,8 1,7484
40 0,31466 438,1 1,9640 -25 0,19372 383.9 1,7527
45 0,32000 442.,4 1,9778 -20  0,19829 387,9 1,7685
50 0,32520 446,9 1,9916 -15 0,20284  391,8 1,7840
55 0,33047 451,3 2,0053 -10 0,20734 3958 1,7994
60 0,33568 455,8 2,0188 -5 0,21182 399.9 1,8146
65 0,34095 460,3 2,0323 0 0,21626  404,0 1,8297
70 0,34614 464.,9 2,0457 5 0,22065 408,1 1,8445
75 0,35137 469,5 2,0591 10 0,22502 4122 1,8593
80 0,35663 474,2 2,0723 15 0,22941 416,4 1,8739
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20 0,23370 420,6 1,8883 115 0,30969 507,6 2,1434
25 0,23804 424 8 1,9027 120 0,31377 512,5 2,1561
30 0,24231 4291 1,9169 125 0,31797 517,5 2,1687
35 0,24661 4334 1,9310 -24.25 1,10
40 0,25088 4377 1,9450 -24.25 0,17593 384,1 1,7462
45 0,25517 4421 1,9589 -20 0,17953 387,5 1,7597
50 0,25940 446,6 1,9727 -15 0,18369 391,5 1,7754
55 0,26364 451,0 1,9864 -10 0,18783 395,6 1,7908
60 0,26788 455,5 2,0001 -5 0,19194 399,6 1,8061
65 0,27203 460,1 2,0136 0 0,19600 403,7 1,8212
70 0,27624 464,7 2,0270 5 0,20004 407,8 1,8361
75 0,28043 469,3 2,0404 10 0,20404 412,0 1,8509
80 0,28466 4739 2,0537 15 0,20803 416,2 1,8656
85 0,28885 478.,6 2,0669 20 0,21200 4204 1,8801
90 0,29300 4834 2,0800 25 0,21598 424.6 1,8945
95 0,29718 488,1 2,0930 30 0,21988 428.9 1,9087
100 0,30139 492.9 2,1060 35 0,22376 4332 1,9228
105 0,30553 497 8 2,1189 40 0,22769 437.6 1,9369
110 0,30969 502,7 2,1318 45 0,23154 442.0 1,9503
115 0,31387 507,6 2,1445 50 0,23546 4464 1,9646
120 0,31797 512,5 2,1572 55 0,23929 450,9 1,9784
125 0,32216 517,5 2,1698 60 0,24313 455.,4 1,9920

-26,06 1,01325 65 0,24697 4599 2,0055
-26,06 0,19011 383,0 1,7481 70 0,25088 464,5 2,0190
-25 0,19106 383,9 1,7515 75 0,25465 469,2 2,0324
-20 0,19562 387,81 1,7673 80 0,25853 473,8 2,0457
-15 0,20012 391,8 1,7829 85 0,26233 478,5 2,0589
-10 0,20454 395,8 1,7982 90 0,26610 483,2 2,0720
-5 0,20894 3999 1,8135 95 0,26998 488.0 2,0851
0 0,21336 403,9 1,8285 100 0,27375 4928 2,0981
5 0,21768 408.,0 1,8434 105 0,27755 497.7 2,1110
10 0,22202 4122 1,8581 110 0,28129 502,6 2,1238
15 0,22630 416,3 1,8727 115 0,28514 507,5 2,1366
20 0,23057 420,5 1,8872 120 0,28893 512,5 2,1493
25 0,23485 424.8 1,9015 125 0,29265 517,5 2,1619
30 0,23906 429,1 1,9158 130 0,29647 522,5 2,1745
35 0,24331 4334 1,9299 -22,29 1,2000
40 0,24759 4377 1,9439 -22.29 0,16207 385,4 1,7443
45 0,25176 4421 1,9578 -20 0,16385 387,2 1,7516
50 0,25595 446,5 1,9716 -15 0,16773 391,2 1,7674
55 0,26015 451,0 1,9853 -10 0,17156 395,3 1,7829
60 0,26427 455.5 1,9989 -5 0,17535 3993 1,7983
65 0,26846 460,1 2,0175 0 0,17912 403,5 1,8134
70 0,27263 464,0 2,0259 5 0,18285 407,6 1,8284
75 0,27678 468,3 2,0392 10 0,18657 411,7 1,8432
80 0,28090 4739 2,0526 15 0,19022 415,9 1,8579
85 0,28506 478.6 2,0658 20 0,19387 420,2 1,8725
90 0,28918 483,3 2,0789 25 0,19751 424 .4 1,8869
95 0,29326 488,1 2,0919 30 0,20113 4287 1,9012
100 0,29735 4929 2,1049 35 0,20475 433,1 1,9153
105 0,30157 4978 2,1178 40 0,20833 437.4 1,9294
110 0,30562 502,6 2,1306 45 0,21191 441.8 1,9434
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50  0,21552 4463  1,9572 15 0,14263  390,6  1,7530
55 0,21906  450,7 19710 10 0,14599 3947  1,7687
60  0,22262 4553  1,9846 5 0,14930 3988  1,7842
65  0,22614 4598  1,9982 0 0,15258  402,9  1,7995
70 0,22967 4644  2.0117 5 0,15584  407,1 128146
75 0,23321  469,0  2,0251 10 0,15906 4113  1,8295
80 023669 473,77  2,0384 15 0,16224 4155  1,8443
85 024021 4784 20516 20 0,16543 4198  1,8589
90  0,24372  483,1  2,0647 25  0,16858 4241  1,8734
95 0,24722 4879  2,0778 30 0,17173 4284 18877
100 025069 4927  2,0908 35 0,17486 432,77  1,9020
105 025419 4976  2,1037 40  0,17794  437,1 19161
110 025767 5025 2,1165 45 0,18106  441,5  1,9301
115 026116 5074  2,1293 50  0,18413  446,0  1,9440
120 026462 5124  2,1420 55 0,18720 4505  1,9578
125 026810 5174  2,1547 60  0,19026 4550 19715
130 027152 5224  2,1672 65  0,19331  459,6  1,9851
20,17 1,30 70 0,19635 4642  1,9986
20,17 0,15026  386,5  1,7426 75 0,19936  468,8  2,0120
20 0,15060 386,99  1,7441 80 020243 4735  2,0253
15 0,15423  390,9  1,7600 85 020547 4782  2,0386
210 0,15780 3950  1,7756 90  0,20851 4829  2,0517
5016134 399,1  1,7910 95 021146 4877  2,0648
0 016483 4032  1,8062 100 021450 4925  2,0778
5 016829 4073  1,8212 105 021753 4974  2,0808
10 017173  411,5  1,8361 110 022051 5023  2,1036
15 0117516 415,77  1,8509 115 022351 5072  2,1154
20 0,17857  420,0  1,8654 120 022650 5122 2,1291
25 0,18195 4242  1,8799 125 0022946 5172 2,1418
30 0,18529 4285  1,8942 130 023245 5222  2,1544
35 0,18864 4329  1,9084 135 023546 5273 2,1669
40  0,19198 4373 19225 17,12 1,5000
45 0,19531  441,7  1,9365 17,12 0,13123  388,5  1,7397
50  0,19861  446,1  1,9504 15 0,13259 3903  1,7464
55 0,20190  450,6  1,9641 10 0,13576 3944  1,7622
60  0,20521 4551 19778 5 0,13889 3985  1,7778
65  0,20846 4597  1,9914 0 0114196 402,7 1,7931
70 021173 4643  2,0049 5 014503 4069  1,8083
75 0,21501  468,9  2,0183 10 0,14806  411,1  1,8233
80 021825 4736  2,0316 15  0,15106 4153  1,8381
85 022148 4783  2,0448 20 0,15404 4196  1,8528
90  0,22477  483,0  2,0580 25 0,15701 4239 18673
95 0,22800 4878  2,0711 30 0,15995 4282  1,8817
100 023116 492,66  2,0841 35 0,16289 4325  1,8959
105 023447 4975  2,0970 40  0,16581  436,9  1,9101
110 023764 5024  2,1098 45 0,16869 4414  1,9241
115 024091 5073  2,1226 50 0,17156 4458  1,9380
120 024414 5123  2,1353 55 0,17449 4503  1,9518
125 024728 5173  2,1480 60  0,17734 4549  1,9656
130 025050 5223  2,1606 65  0,18018 4594  1,9792
18,75  1,4000 70 0,18305  464,0  1,9927
18,75  0,14010  387,5  1,7411 75 0,18587  468,7  2,0061

Thu vien DH SPKT TP. HCM A Btkp://www.thuvienspkt.edu.vn



Truong DH SPKT TP. HCM Ky thudt lanh http://www.hcmute.edu.vn

80  0,18875 4734  2,0195 15 0,13263 4149 1,8268
85 0,19157  478,1 2,0327 20 0,13528  419,2 1,8415
90  0,19440  482,8  2,0459 25 0,13793 4235 1,8561
95 0,19720  487,6  2,0590 30  0,14055 4278 1,8706
100 0,20000 4924  2,0720 35 0,14316 4322 1,8849
105 0,20284  497,3 2,0850 40  0,14577  436.,6 1,8991
110  0,20563 502,2  2,0978 45 0,14835  441,1 1,9132
115 0,20846  507,1 2,1106 50  0,15092 4455 1,9272
120 0,21124  512,1 2,1234 55 0,15347  450,0 1,9410
125 0,21404  517,1 2,1360 60  0,15603  454,6 1,9548
130 0,21683 5222 2,1486 65 0,15858  459,2 1,9684
135 0,21964  527,2 2,1611 70 0,16108  463,8 1,9820
-15,58 1,600 75 0,16364 4684 1,9954
-15,58  0,12344  389,5 1,7384 80  0,16617  473,1 2,0088
-15 0,12379  390,0 1,7402 85 0,16863 4779  2,0221
-10  0,12679  394,1 1,7561 9  0,17117  482,6  2,0353
-5 0,12975 398.3 1,7717 95 0,17367 4874  2,0484
0 0,13269 4024 1,7872 100  0,17618 4922  2,0614
5 0,13556  406,6 1,8024 105 0,17867  497,1 2,0744
10 0,13843  410,8 1,8174 110  0,18113 502,0  2,0873
15 0,14126  415,1 1,8323 115 0,18362 507,0  2,1001
20 0,14407 4194 1,8470 120  0,18612  511,9  2,1128
25 0,14686 4237 1,8616 125 0,18857  516,9  2,1255
30 0,14966  428,0 1,8760 130  0,19106  522,0 2,138l
35 0,15242 4324 1,8903 135 0,19354  527,1 2,1506
40  0,15516  436,8 1,9044 140  0,19600 5322  2,1631
45 0,15790  441,2 1,9185 -12,71 1,8000
50  0,16059 4457 1,9324 -12,71 0,11039  391,2 1,7361
55 0,16329  450,2 1,9463 -10 0,11186  393,5 1,7448
60  0,16600 4547 1,9600 -5 0,11453 397,7 1,7666
65 0,16869  459,3 1,9736 0 011718 4019 1,7761
70 0,17141 463,9 1,9872 5 0,11979  406,1 1,7915
75 0,17406  468,6  2,0006 10 0,12237  410,4 1,8066
80  0,17674  473,2  2,0140 15 0,12494  414,7 1,8216
85 0,17940  478,0  2,0272 20 0,12747  419,0 1,8364
90  0,18205 482,77  2,0404 25 0,12999 4233 1,8510
95 0,18471 487,5  2,0535 30 0,13247  427,6 1,8655
100  0,18734 4923 2,0666 35 0,13495  432,0 1,8798
105 0,19001 497,2  2,0795 40  0,13742 4364 1,8941
110  0,19260  502,1 2,0924 45 0,13989  440,9 1,9082
115 0,19524  507,0  2,1052 50  0,14231 445.,4 1,9222
120 0,19790  512,0  2,1179 55 0,14474 4499 1,9360
125 0,20052  517,0  2,1306 60  0,14717 4545 1,9498
130 0,20313 522,1 2,1432 65 0,14957  459,0 1,9635
135 0,20576  527,2  2,1557 70 0,15195  463,7 1,9770
-14,11 1,7000 75 0,15434 4683 1,9905
-14,11 0,11655 390,4 1,7372 80  0,15674  473,0  2,0039
-10  0,11889  393,8 1,7503 85 0,15911 477,77  2,0172
-5 0,12170  398,0 1,7660 90  0,16150 4825 2,0304
0 0,12447  402,2 1,7815 95 0,16385  487,3  2,0435
5 0,12721 406,4 1,7968 100  0,16622  492,1 2,0566
10 0,12994  410,6 1,8119 105 0,16858  497,0  2,0696
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110 0,17094  501,9  2,0825 40 0,12324  436,1  1,8847
115 0,17328 5069  2,0953 45 0,12547  440,6  1,8989
120  0,17562  511,8  2,1080 50 012767 4451 19129
125 0,17797 5169  2,1202 55 0,12989  449.6  1,9268
130 0,18031 5219  2,1333 60  0,13207 4542  1,9406
135  0,18265 5270  2,1458 65  0,13425 4588  1,9543
140  0,18498  532,1  2,1583 70 0,13643 4634  1,9679
11,37 1,9000 75 0,13860  468,1 19814
11,37 0,10484 3920  1,7351 80  0,14075 4728  1,9948
10 0,10556 3932  1,7395 85  0,14290 4775  2,0082
5 0,10812 3974  1,7554 90  0,14505 4823  2,0214
0 011066 401,6 1,7710 95 0,14719  487,1  2,0345
5 0111315 4059  1,7864 100 0,14932 4919  2,0476
10 011562  410,1  1,8016 105  0,15145 4968  2,0606
15 011805 4144  1,8166 110 0,15359  501,7  2,0735
20 0,12047  418,7 18314 115 0,15571  506,7  2,0864
25 0,12287  423,1  1,8461 120 0,15781  511,7  2,0991
30 0,12525 4275 1,8606 125 0,15989  516,7 2,1118
35 0,12760 4319  1,8750 130 0,16207 521,8  2,1214
40 0,12995 4363  1,8893 135  0,16418 5268  2,1370
45 0,13229  440,7  1,9034 140  0,16628 5320  2,1495
50  0,13461 4452 19174 8,84 12,1000
55 0,13693 4498 19313 8,84 0,09531 3936  1,7333
60  0,13922 4543  1,9451 5009713 3968  1,7456
65  0,14152 4589  1,9588 0 009945 401,1 1,7613
70 0,14380  463,5 19724 5 0110175 4054  1,7769
75 0,14607 4682  1,9859 10 0,10401  409,7  1,7922
80  0,14832 4729  1,9993 15 0,10626 4140  1,8073
85  0,15060 4776  2,0126 20 0,10847 4183  1,8222
90  0,15284 4824  2,0258 25 0,11067 422,77 18370
95 0,15509 4872  2,0389 30 011284  427,1  1,8516
100 0,15733  492,0  2,0520 35 0,11501 4315  1,8660
105 0,15957 4969  2,0650 40 0,11715 4359  1,8803
110  0,16181  501,8  2,0779 45 0,11927 4404  1,8945
115  0,16404  506,8  2,0907 50  0,12139 4449  1,9086
120 0,16625 511,8  2,1034 55 0,12350 4495 19225
125 0,16849 5168  2,1161 60  0,12560 4540 19363
130 0,17071  521,8  2,1288 65  0,12768 4586  1,9501
135 0,17292 5269  2,1413 70 0,12975 4633  1,9637
140  0,17516  532,0  2,1538 75 0,13184 4680 19772
10,08 2,0000 80  0,13390  472,7  1,9906
10,08 0,09985 3928  1,7342 85  0,13596 4774  2,0040
210 0,09989 3929  1,7344 90  0,13799 4822  2,0172
5 0,10235  397,1  1,7504 95 0,14004  487,0  2,0304
0 010478 4014  1,7661 100 0,14209  491,8  2,0434
5 0110717 4056  1,7815 105 0,14413  496,7  2,0564
10 0,10953  409,9  1,7968 110  0,14616  501,6  2,0694
15 011186 4142 18118 115 0,14819  506,6  2,0822
20 0,11417 4185  1,8267 120 0,15020 511,6  2,0950
25  0,11647 4229  1,8414 125 0,15223  516,6  2,1077
30 0,11874 4273  1,8560 130 0,15423  521,7  2,1203
35 0,12099  431,7  1,8704 135 0,15623 5268  2,1329
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140  0,15825  531,9  2,1454 70 0,11818  463,1 19557
145 0,16028  537,1  2,1578 75 0,12008  467,7  1,9693
7,64 22000 80  0,12198 4724  1,9827
7,64 009117 3943  1,7325 85  0,12387 4772  1,9961
5009237 3965  1,7410 90  0,12574  482,0  2,0094
0 009462 4008  1,7568 95 0,12763  486,8  2,0225
5 009683 4051 1,7724 100 0,12950  491,6  2,0356
10 0,09901 4094  1,7878 105 0,13135  496,5  2,0487
15 0110116 413,8  1,8029 110 0,13323  501,5 2,0616
20 0,10330  418,1 18179 115 0,13508 5064  2,0745
25 0,10540 4225 18327 120 0,13693 5114  2,0872
30 0,10749 4269  1,8473 125 0,13879 5164  2,1001
35 0,10957 4313  1,8618 130 0,14063  521,5  2,1126
40  0,11162 4358 18762 135 0,14247 526,66  2,1252
45 0,11365 4403  1,8884 140  0,14430  531,7  2,1377
50  0,11569 4448  1,9044 145 0,14616 5369  2,1501
55 0,11772 4493 19184 537 2,4000
60  0,11970 4539 19322 537  0,08389 3956  1,73111
65  0,12171 4585  1,9460 5 0,08405 3960  1,7322
70 0,12370 4632  1,9596 0 008615 4003  1,7482
75 0,12569 4678 19732 5 008821 4046  1,7639
80  0,12765 472,6  1,9866 10 0,09024  409,0  1,7794
85  0,12962 4773  1,9999 15009224 4133  1,7947
90  0,13158  482,1  2,0132 20 0,09422  417,7  1,8097
95 0,13355  486,9  2,0264 25 0,09618 4221  1,8246
100 0,13550  491,7  2,0395 30 0,09812 426,55  1,8393
105 0,13746  496,6  2,0525 35 0,10004 431,0  1,8539
110 0,13939  501,6  2,0654 40  0,10194 4354  1,8683
115  0,14132 506,55  2,0782 45 0,10383 4399  1,8825
120 0,14327  511,5  2,0910 50  0,10571 4445  1,8967
125 0,14520 516,55  2,1037 55 0,10757 4490 19107
130 0,14712  521,6 2,164 60  0,10942  453,6  1,9245
135 0,14905 526,7  2,1269 65 0,11127 4583  1,9383
140 0,15099  531,8  2,1414 70 011311 4629  1,9520
145 0,15288 5370  2,1538 75 0,11494 4676  1,9656
6,19 2,3000 80 011675 4723  1,9791)
6,19 008737 3950 1,7217 85  0,11857 4771  1,9924
5 008803 3963  1,7365 90  0,12038  481,9  2,0057
0 009020 400,5 1,7521 95 0,12219  486,7  2,0189
5 009234 4049  1,7681 100 0,12398 4915  2,0320
10 0,09444 4092  1,7885 105 0,12577 4964  2,0450
15 0,09651  413,6  1,7987 110 0,12755 5014  2,0579
20 0,09856 4179 18137 115 0,12935 5063  2,0708
25 0,10059 4223 18286 120 0,13111  511,3  2,0836
30 0,10260  426,7  1,8433 125 0,13291 5164  2,0963
35 0,10459 4312  1,8678 130 0,13466 5214  2,1090
40  0,10656 4356  1,8721 135 0,13646  526,5  2,1216
45 0,10853  440,1  1,8864 140  0,13824  531,7  2,1341
50 0,11047 4446  1,9005 145 0,13998 5368  2,1465
55 0,11242 4492 19145 429 2,5000
60  0,11435 4538  1,9283 429 0,08067 3963  1,7303
65  0,11627 4584  1,9421 0 008241 4000 1,7441
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5 0,08442 4044  1,7599 100 0,11425 4913  2,0251
10 0,08638  408,7 1,7714 105 0,11590 4962  2,0381
15 0,08832  413,1  1,7908 110 0,11755 5012  2,0511
20 0,09023 4175  1,8059 115 0,11922  506,1  2,0640
25 0,09212 4219  1,8208 120 0,12086 5112  2,0769
30 0,09399 4263  1,8355 125 0,12249 5162  2,0895
35 0,09584  430.8  1,8501 130 0,12416  521,3  2,1022
40  0,09768 4353  1,8645 135 0,12579 5264  2,1147
45 0,09951 4398  1,8788 140  0,12744 5315  2,1273
50 0,10131 4443  1,8930 145  0,12907  536,7  2,1397
55 0,10310 4489  1,9070 150  0,13068  541,9  2,1521
60  0,10489 4535  1,9209 2,23 2,7000
65  0,10668 4581  1,9347 223 0,07493 3975  1,7291
70 0,10845 4628  1,9484 0 007578  399,5 1,7363
75 0,11019 4675  1,9620 5 0,07766  403,8  1,7522
80  0,11197 4722 19755 10 0,07951 4082  1,7679
85 011371 4770  1,9888 15 0,08133  412,6  1,7833
90  0,11545  481,8  2,0021 20 0,08313  417,1  1,7985
95 0,11718  486,6  2,0153 25 0,08490  421,5 18135
100 0,11891 4914  2,0285 30 0,08666  426,0  1,8283
105  0,12064 4963  2,0415 35 0,08839 4304  1,8430
110 0,12235  501,3  2,0544 40 0,09011 4349  1,8575
115 0,12407 5062  2,0673 45°0,09181 4395  1,8718
120 0,12579 5112  2,0801 50  0,09350 4440  1,8860
125 012750 5163  2,0928 55 0,09517 448,66  1,9001
130 0,12920  521,3  2,1055 60  0,09685 4532  1,9140
135  0,13092 5264  2,1181 65  0,09851 4579  1,9279
140  0,13261  531,6  2,1306 70 0,10016 4625  1,9416
145  0,13432  536,8  2,1430 75 0,10180 4672  1,9552
150  0,13600  542,0  2,1554 80  0,10342 4720  1,9687
324 2,6000 85  0,10505  476,7 19821
324 0,07769 3969  1,7297 90  0,10668  481,5  1,9954
0 0,07897 399,7  1,7401 95 0,10830 4864  2,0087
5 0,08091  404,1  1,7560 100 0,10990 4912  2,0218
10 0,08282  408,5 1,7716 105 0,11151  496,1  2,0348
15 0,08469 4129  1,7870 110  0,11311  501,1  2,0478
20 0,08654 4173  1,8021 115 0,11471  506,1  2,0607
25 0,08837 421,7  1,8171 120 0,11629  511,1  2,0735
30 0,09018  426,1  1,8319 125 01178  516,1  2,0863
35 0,09197  430,6  1,8465 130 0,11946 5212  2,0989
40 0,09375 4351  1,8610 135 0,12105 5263  2,1115
45 0,09550  439.6  1,8753 140  0,12264 5314  2,1241
50  0,09725 4442  1,8894 145  0,12422 5366  2,1365
55 0,09899 4487  1,9035 150  0,12577  541,8  2,1489
60  0,10073 4534  1,9174 124 2,80
65  0,10243 4580  1,9312 1,24 0,07235  398,1  1,7285
70 0,10414  462,7  1,9449 0 0,07281 3992 17325
75 0,10583 4674  1,9585 5 0,07464  403,6  1,7485
80  0,10753  472,1  1,9720 10 0,07645  408,0  1,7643
85 010921 4768  1,9854 15 007822 4124  1,7797
90  0,11089  481,6  1,9987 20 0,07996 416,99  1,7950
95 0,11256  486,5  2,0119 25 0,08168 4213  1,8100
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30 0,08338 425,88 1,8249 125 0,10960 5159  2,0801
35 0,08506  430,3 1,8396 130  0,11107  521,0  2,0928
40  0,08672  434,8 1,8541 135 0,11256  526,1 2,1054
45 0,08837  439,3 1,8586 140  0,11404 5313 2,1180
50  0,09001 4439 1,8827 145 0,11550  536,5  2,1304
55 0,09163 4485 1,8968 150  0,11697  541,7  2,1428
60  0,09325  453,1 1,9108 0,66  3,0000
65 0,09485  457,7 1,9246 0,66  0,06770  399,2 1,7275
70 0,09645 4624 1,9383 5 0,06921 403,1 1,7415
75 0,09804  467,1 1,9520 10 0,07092  407,5 1,7573
80  0,09962 471,88 1,9655 15 0,07260  412,0 1,7729
85 0,10118  476,6 1,9789 20 0,07424 4164 1,7883
90  0,10275  481,4 1,9922 25 0,07587  420,9 1,8034
95 0,10432  486,3  2,0055 30 0,07748 4254 1,8183
100 0,10588  491,1 2,0186 35 0,07906  429,9 1,8331
105 0,10743  496,1 2,0317 40  0,08063 4344 1,8477
110  0,10897  501,0  2,0447 45 0,08219  439,0 1,8621
115 0,11052  506,0  2,0576 50  0,08372  443,6 1,8764
120 0,11206  511,0  2,0704 55 0,08525  448,2 1,8905
125 0,11358 516,0  2,0831 60  0,08678 4528 1,9045
130  0,11511 521,1 2,0958 65 0,08829  457.,5 1,9184
135 0,11665 526,2  2,1084 70 0,08978  462,1 1,9322
140  0,11818 5314 2,1209 75 0,09128  466,9 1,9458
145 0,11969  536,5  2,1334 80  0,09276  471,6 1,9594
150  0,12121 541,7  2,1458 85 0,09424  476,4 1,9728
-0,29 22,9000 90  0,09571 481,2 1,9862
-0,29  0,06995 398,6 1,7280 95 0,09718  486,1 1,9994
0 0,07005 398,9 1,7289 100 0,09863  490,9  2,0126
5 0,07183  403,3 1,7449 105 0,10009 4959  2,0257
10 0,07359  407,8 1,7607 110 0,10153 500,8  2,0387
15 0,07531 412,2 1,7763 115 0,10299  505,8  2,0516
20 0,07701 416,6 1,7916 120  0,10444  510,8  2,0645
25 0,07867  421,1 1,8067 125 0,10585 5159  2,0772
30 0,08033  425,6 1,8216 130 0,10730  520,9  2,0899
35 0,08196  430,1 1,8363 135 0,10873 526,1 2,1025
40  0,08358  434,6 1,8508 140  0,11017  531,2  2,1152
45 0,08517  439,1 1,8652 145 0,11158 536,4  2,1275
50  0,08676 4437 1,8795 150  0,11301 541,6  2,1399
55 0,08835  448,3 1,8936 155 0,11442 546,9  2,1523
60  0,08990  452,9 1,9076 1,57 3,10
65 0,09145  457,6 1,9215 1,57  0,06559  399,7 1,7270
70 0,09301 462,3 1,9352 5 0,06676  402,8 1,7381
75 0,09455  467,0 1,9489 10 0,06842  407,3 1,7540
80  0,09606  471,7 1,9624 15 0,07006  411,7 1,7696
85 0,09760  476,5 1,9758 20 0,07166  416,2 1,7850
90  0,09911 481,3 1,9892 25 0,07325  420,7 1,8002
95 0,10062  486,2  2,0024 30  0,07481 425,2 1,8152
100  0,10213  491,0  2,0156 35 0,07635  429,7 1,8300
105 0,10363  496,0  2,0286 40  0,07788 4343 1,8446
110  0,10512  500,9  2,0416 45 0,07939 4388 1,8590
115 0,10663 505,9  2,0546 50  0,08090 4434 1,8734
120 0,10812  510,9  2,0674 55 0,08239  448,0 1,8875
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60  0,08385 4527 1,9015 155 0,10717  546,7  2,1468
65 0,08532 4573 1,9154 3,33 3,3000
70 0,08678  462,0 1,9292 3,33 0,06174  400,7 1,7260
75 0,08821 466,7 1,9429 5 0,06229  402,2 1,7315
80  0,08967  471,5 1,9565 10 0,06388  406,8 1,7475
85 0,09111 476,3 1,9699 15 0,06544  411,3 1,7633
90  0,09253  481,1 1,9833 20 0,06697  415,8 1,7788
95 0,09395  486,0 1,9966 25 0,06848  420,3 1,7941
100  0,09536  490,8  2,0097 30 0,06996 4248 1,8091
105 0,09678  495,8  2,0228 35 0,07143  429,3 1,8240
110 0,09818 500,7  2,0359 40  0,07288 4339 1,8387
115 0,09958 505,7  2,0488 45 0,07432  438,5 1,8532
120 0,10098 510,7  2,0616 50  0,07574  443,1 1,8675
125 0,10236  515,8  2,0744 55 0,07715  447,7 1,8818
130  0,10376  520,9  2,0871 60  0,07854 4524 1,8958
135 0,10514  526,0  2,0997 65 0,07993  457,0 1,9098
140  0,10654  531,1 2,1122 70 0,08131 461,8 1,9236
145 0,10791 536,3 2,1247 75 0,08267  466,5 1,9373
150  0,10929  541,5 2,1371 80  0,08403 4713 1,9509
155 0,11067  546,8  2,1495 85 0,08538  476,1 1,9644
2,46 3,2000 90  0,08675 480,9 1,9778
2,46  0,06351 400,2 1,7265 95 0,08807  485,7 1,9910
5 0,06445  402,5 1,7347 100 0,08941 490,6  2,0042
10 0,06608  407,0 1,7507 105 0,00074  495,6  2,0174
15 0,06769  411,5 1,7664 110 0,09208 500,5  2,0304
20 0,06924  416.,0 1,7819 115 0,09339  505,5 2,0433
25 0,07079  420,5 1,7971 120 0,09471 510,5 2,0562
30 0,07231 425,0 1,8121 125 0,09603 515,6  2,0690
35 0,07382  429,5 1,8269 130 0,09735 520,7  2,0817
40  0,07530  434,1 1,8416 135 0,09864  525,8  2,0943
45 0,07678  438,7 1,8561 140 0,09995 531,0  2,1069
50 0,07824 4432 1,8704 145 0,10126  536,2  2,1194
55 0,07967 4479 1,8846 150  0,10255 5414  2,1318
60  0,08112 4525 1,8986 155 0,10384  546,6  2,1441
65 0,08254  457,2 1,9120 4,18 3,40
70 0,08396  461,9 1,9264 4,18 0,05998  401,2 1,7256
75 0,08537  466,6 1,9401 5 0,06024  402,0 1,7283
80  0,08676 4714 1,9536 10 0,06183  406,5 1,7444
85 0,08816  476,2 1,9671 15 0,06333  411,0 1,7602
90  0,08953  481,0 1,9805 20 0,06483  415,5 1,7758
95 0,09092  485,9 1,9938 25 0,06630  420,1 1,7911
100 0,09229  490,7  2,0070 30  0,06776  424,6 1,8062
105 0,09366  495,7  2,0201 35 0,06919  429,2 1,8211
110 0,09504  500,6  2,0331 40  0,07060 4337 1,8358
115 0,09639  505,6  2,0460 45 0,07200  438,3 1,8504
120 0,09775 510,6  2,0589 50  0,07339 4429 1,8648
125 0,09910  515,7  2,0716 55 0,07476  447,6 1,8790
130  0,10046  520,8  2,0843 60  0,07612  452,2 1,8931
135 0,10180  525,9  2,0970 65 0,07747  456,9 1,9070
140  0,10316  531,0  2,1095 70 0,07880  461,6 1,9209
145 0,10448 536,2  2,1220 75 0,08013  466,4 1,9346
150  0,10582  541,5  2,1344 80  0,08146  471,1 1,9482
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85 0,08280  475,9 1,9617 20 0,06090  415,1 1,7700
90  0,08410  480,8 1,9751 25 0,06231 419,7 1,7854
95 0,08540  485,6 1,9884 30 0,06370 4242 1,8006
100 0,08669  490,5  2,0016 35 0,06507  428,8 1,8156
105 0,08800  495,5 2,0147 40  0,06641 4334 1,8303
110 0,08929 5004  2,0278 45 0,06775  438,0 1,8449
115 0,09058 5054  2,0407 50  0,06907  442,6 1,8594
120 0,09184 5104  2,0536 55 0,07037 4473 1,8736
125 0,09314  515.,5 2,0664 60  0,07167  451,9 1,8878
130 0,09440  520,6  2,0791 65 0,07296  456,6 1,9018
135 0,09568 525,7  2,0917 70 0,07423 461,44 1,9156
140  0,09696  530,9  2,1043 75 0,07551 466,1 1,9294
145 0,09822 536,1 2,1168 80  0,07676 4709 1,9430
150  0,09948 5413 2,1297 85 0,07800  475,7 1,9566
155 0,10974  546,6  2,1416 90  0,07925  480,6 1,9700
5,01 3,50 95 0,08050  485,4 1,9833
5,01 0,05832  401,7 1,7252 100  0,08173  490,3 1,9966
10 0,05985  406,2 1,7414 105 0,08295 4953  2,0087
15 0,06134  410,8 1,7572 110  0,08418 500,2  2,0228
20 0,06281 415,3 1,7729 115 0,08540  505,2  2,0357
25 0,06425  419,9 1,7882 120 0,08663 510,3  2,0486
30 0,06567 4244 1,8034 125 0,08783 5153  2,0614
35 0,06706  429,0 1,8183 130 0,08904  520,4  2,0741
40  0,06845  433,6 1,8330 135 0,09024  525,6  2,0868
45 0,06981 438,2 1,8476 140  0,09146  530,7  2,0994
50  0,07116 4428 1,8620 145 0,09264 5359  2,1119
55 0,07250 4474 1,8763 150  0,09385 541,2  2,1243
60  0,07383  452,1 1,8904 155 0,09504  546,4  2,1367
65 0,07515  456,8 1,9044 160  0,09623 551,7  2,1490
70 0,07645  461,5 1,9182 6,62  3,7000
75 0,07775  466,2 1,9320 6,62  0,05526  402,6 1,7244
80  0,07904  471,0 1,9456 10 0,05625  405,7 1,7354
85 0,08033  475,8 1,9591 15 0,05769  410,3 1,7514
90  0,08161 480,7 1,9725 20 0,05909 4149 1,7672
95 0,08287  485,5 1,9858 25 0,06047  419,4 1,7820
100 0,08414 4904 1,9991 30 0,06184  424,0 1,7979
105 0,08541 4954  2,0122 35 0,06317  428,6 1,8129
110 0,08666  500,3 2,0252 40  0,06449 4332 1,8277
115 0,08790  505,3  2,0382 45 0,06580  437,8 1,8423
120  0,08916 5104  2,0511 50  0,06708 4425 1,8568
125 0,09041 5154 2,0639 55 0,06836  447,1 1,8711
130 0,09165 520,5  2,0766 60  0,06962  451,8 1,8852
135 0,09289  525,6  2,0892 65 0,07088  456,5 1,8992
140 0,09413 530,8  2,1018 70 0,07213  461,2 1,9131
145 0,09536  536,0  2,1143 75 0,07336  466,0 1,9269
150  0,09658 5412 2,1267 80  0,07459  470,8 1,9406
155 0,09781 546,5  2,1391 85 0,07582  475,6 1,9541
160  0,09904  551,8  2,1514 90  0,07702  480,4 1,9675
5,82 3,6000 95 0,07824 4853 1,9809
5,82 0,05675  402,2 1,7248 100 0,07945  490,2 1,9941
10 0,05800  406,0 1,7384 105 0,08065  495,2  2,0073
15 0,05946  410,5 1,7543 110 0,08184  500,1 2,0203

Thu vien DH SPKT TP. HCM 4 Bfp://www.thuvienspkt.edu.vn



Truong DH SPKT TP. HCM Ky thudt lanh http://www.hcmute.edu.vn

115 0,08304  505,1 2,0333 45 0,06219  437,5 1,8372
120 0,08420  510,2  2,0462 50  0,06342  442,1 1,8517
125 0,08540 5153  2,0590 55 0,06465  446,8 1,8661
130  0,08657 5204  2,0718 60  0,06586  451,5 1,8803
135 0,08776  525,5 2,0844 65 0,06706  456,2 1,8944
140  0,08891 530,7  2,0970 70 0,06825  461,0 1,9083
145 0,09009 5359  2,1095 75 0,06942  465,7 1,9221
150  0,09126  541,1 2,1219 80  0,07061 470,5 1,9358
155 0,09241 546,4  2,1343 85 0,07177  475,4 1,9494
160 0,09358 551,7 2,1466 90  0,07293  480,2 1,9628
7,4 3,8000 95 0,07407  485,1 1,9762
7,4 0,05384 4031 1,7240 100 0,07523  490,0 1,9894
10 0,05459  405,5 1,7325 105 0,07637  495,0  2,0026
15 0,05600  410,1 1,7486 110 0,07750  500,0  2,0157
20 0,05738  414,6 1,7644 115 0,07865 505,0  2,0287
25 0,05874  419,2 1,7799 120 0,07978 510,0  2,0416
30  0,06007 423,88 1,7952 125 0,08089  515,1 2,0544,
35 0,06138 4284 1,8102 130 0,08202  520,2  2,0672
40  0,06267  433,0 1,8251 135 0,08314  525,3  2,0798
45 0,06395 4377 1,8397 140  0,08425 530,5 2,0924
50  0,06521 4423 1,8542 145 0,08536 535,7  2,1049
55 0,06645 4470 1,8686 150  0,08648 5409  2,1174
60  0,06769  451,7 1,8827 155 0,08757  546,2  2,1298
65 0,06892  456,4 1,8968 160  0,08868 551,5 2,1421
70 0,07014  461,1 1,9107 8,91 4,0000
75 0,07135  465,9 1,9245 8,91 0,05122  403,9 1,7234
80  0,07254  470,7 1,9381 10 0,05152  404,9 1,7269
85 0,07374  475,5 1,9517 15 0,05288  409,6 1,7432
90  0,07492  480,3 1,9652 20 0,05421 414,2 1,7590
95 0,07611 485,2 1,9785 25 0,05552  418,8 1,7747
100 0,07729 490 1,9918 30 0,05680 4234 1,7900
105 0,07846 495 2,0049 35 0,05806  428,0 1,8051
110 0,07962 500  2,0180 40  0,05930 4327 1,8201
115 0,08078 505 2,0310 45 0,06052 4373 1,8348
120 0,08193 510 2,0439 50  0,06172  442,0 1,8493
125 0,08308 5152 2,0567 55 0,06293  446,7 1,8637
130 0,08423 520,3  2,0694 60  0,06411 451,4 1,8779
135 0,08538 5254  2,0821 65 0,06529  456,1 1,8920
140  0,08653 530,6  2,0947 70 0,06645  460,8 1,9059
145 0,08767  535,8  2,1072 75 0,06761 465,6 1,9198
150  0,08881 541,0  2,1196 80  0,06876 470,44 1,9335
155 0,08994  546,3  2,1320 85 0,06989  475,3 1,9471
160  0,09107  551,6  2,1443 9  0,07102  480,1 1,9605
8,16  3,9000 95 0,07215  485,0 1,9739
816  0,05250  403,5 1,7237 100  0,07328  489,9 1,9872
10 0,05302  405,2 1,7297 105 0,07440 4949  2,0004
15 0,05440  409,8 1,7459 110 0,07551 499,9  2,0134
20 0,05576 4144 1,7617 115 0,07601 5049  2,0264
25 0,05708  419,0 1,7773 120 0,07772  509,9  2,0394
30 0,05839  423,6 1,7926 125 0,07881 5150 2,0522
35 0,05968 4282 1,8077 130 0,07991 520,1 2,0649
40  0,06094 4328 1,8225 135 0,08101 525,2  2,0776
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140  0,08210 5304  2,0902 75 0,05971 465,0 1,9088
145 0,08318 535,6  2,1028 80  0,06075  469,8 1,9226
150  0,08426  540,9  2,1152 85 0,06178 474,77 1,9363
155 0,08535 546,1 2,1276 90  0,06279  479,6 1,9498
160  0,08642 5514  2,1399 95 0,06381 484,5 1,9632
10,72 4,2500 100 0,06482 4894 1,9766
10,72 0,04827  404,9 1,7226 105 0,06583 4944 1,9898
15 0,04939  408,9 1,7366 110 0,06683 4994  2,0029
20 0,05067  413,6 1,7526 115 0,06782 5044  2,0160
25 0,05192  418,3 1,7683 120 0,06882  509,5 2,0289
30  0,05314 4229 1,7838 125 0,06979  514,6  2,0418
35 0,05434  427,6 1,7990 130 0,07078 519,7  2,0546
40  0,05553 4322 1,8140 135 0,07176 ~ 524,8  2,0678
45 0,05669  436,9 1,8288 140  0,07274  530,0  2,0799
50  0,05785  441,6 1,8434 145 0,07371 535,2  2,0825
55 0,05899  446,3 1,8579 150  0,07458 540,5  2,1050
60  0,06010  451,0 1,8722 155 0,07565 545,8  2,1174
65 0,06123 4557 1,8863 160  0,07662  551,1 2,1297
70 0,06233  460,5 1,9003 165 0,07757  556,4  2,1420
75 0,06343  465,3 1,9142 14,11 4,7500
80  0,06452  470,1 1,9279 14,11 0,04327  406,8 1,7211
85 0,06559  475,0 1,9415 15 0,04349  407,7 1,7241
90  0,06668  479,8 1,9550 20 0,04468 4124 1,7404
95 0,06774  484,7 1,9684 25 0,04584  417,2 1,7565
100  0,06880  489,7 1,9817 30  0,04697  421,9 1,7722
105 0,06986  494,0 1,9949 35 0,04808  426,6 1,7876
110 0,07092  499,0  2,0081 40  0,04917  431,3 1,8028
115 0,07196  504,0  2,0211 45 0,05024  436,0 1,8177
120 0,07300  509,7  2,0340 50  0,05130 440,88 1,8325
125 0,07404  514,8  2,0469 55 0,05234  445,5 1,8471
130 0,07508 519,9  2,0596 60  0,05336  450,3 1,8615
135 0,07611 525,0  2,0723 65 0,05438  455,0 1,8757
140  0,07714  530,2  2,0849 70 0,05539 4598 1,8898
145 0,07817 5354  2,0975 75 0,05639  464,7 1,9038
150  0,07920  540,7  2,1099 80  0,05737  469,5 1,9176
155 0,08021 546,0  2,1223 85 0,05836 4744 1,9313
160  0,08123 551,3  2,1347 90  0,05934 4793 1,9448
165 0,08224  556,6  2,1469 95 0,06030  484,2 1,9583
12,45 4,500 100 0,06126  489,2 1,9717
12,45 0,04554  405,9 1,7218 105 0,06221 494,1 1,9849
15 0,04578  408,3 1,7302 110  0,06317  499,1 1,9984
20 0,04751 413,0 1,7404 115 0,06411 504,2  2,0111
25 0,04871 417,7 1,7623 120 0,06506  509,3 2,0241
30 0,04989 4224 1,7779 125 0,06600 5143  2,0370
35 0,05104  427,1 1,7932 130 0,06694  519,5  2,0498
40  0,05217  431,8 1,8083 135 0,06787  524,6  2,0625
45 0,05329  436,5 1,8232 140  0,06880  529.8  2,0752
50  0,05439  441,2 1,8379 145 0,06972  535,1 2,0877
55 0,05548 4459 1,8524 150  0,07065 540,3 2,1002
60  0,05655  450,0 1,8607 155 0,07157  545,6  2,1127
65 0,05761 455.,4 1,8809 160  0,07249  550,9  2,1250
70 0,05807  460,2 1,8949 165 0,07341 556,3 2,1373
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15,71 5,0000 105 0,05603  493,6 1,9758
15,71 0,04114  407,7 1,7205 110 0,05691 498,7 1,9890
20 0,04218  411,8 1,7347 115 0,05777  503,7  2,0021
25 0,04325  416,6 1,7508 120 0,05864  508,8  2,0151
30 0,04434 4213 1,7667 125 0,05950  513,9  2,0281
35 0,04541 426,1 1,7822 130 0,06035 519,1 2,0409
40  0,04646  430,8 1,7975 135 0,06120 5242  2,0536
45 0,04749  435,6 1,8125 140  0,06205 529,4  2,0663
50  0,04851 440,4 1,8274 145 0,06289  534,7  2,0789
55 0,04951 445,1 1,8420 150  0,06373 539,9  2,0914
60  0,05050 4499 1,8565 155 0,06457  545,2  2,1039
65 0,05147 4547 1,8708 160  0,06541 550,6  2,1163
70 0,05244 4595 1,8849 165 0,06624 5559  2,1286
75 0,05339  464,3 1,8989 170 0,06707  561,3 2,1409
80  0,05434  469,2 1,9128 18,72 5,5000
85 0,05528  474,1 1,9265 18,72 0,03743 409,3 1,7193
90  0,05621 479,0 1,9401 20 0,03771 410,6 1,7236
95 0,05713 4839 1,9536 25 0,03877  415,4 1,7401
100 0,05806 4889 1,9670 30 0,03980  420,3 1,7562
105 0,05898  493,9 1,9803 35 0,04080  425,1 1,7720
110 0,05989 4989 1,9934 40  0,04178 4299 1,7874
115 0,06078 503,9  2,0065 45 0,04274 4347 1,80027
120 0,06169  509,0  2,0195 50 0,04369 4395 1,8177
125 0,06258 514,1 2,0324 55 0,04462 4443 1,8324
130  0,06348 519,3 2,0452 60  0,04554  449,2 1,8470
135 0,06437 5244  2,0580 65 0,04644  454,0 1,8614
140  0,06525 529,6  2,0707 70 0,04733  458,8 1,8757
145 0,06613 534,9  2,0832 75 0,04822  463,7 1,8898
150  0,06702 540,1 2,0957 80  0,04909  468.,6 1,9037
155 0,06780 5454  2,1082 85 0,04996  473,5 1,9175
160  0,06877  550,7  2,1205 90  0,05082 4784 1,9312
165 0,06964  556,1 2,1328 95 0,05167  483,4 1,9447
170 0,07052  561,5  2,1450 100  0,05252 4884 1,9582

17,21 5,25 105 0,05336 4934 1,9715
17,21 0,03920  408,5 1,7199 110 0,05419 4984 1,9847
20 0,03982  411,2 1,7291 115 0,05503 503,5 1,9979
25 0,04090  416,0 1,7454 120 0,05585 508,6  2,0109
30 0,04196  420,8 1,7613 125 0,05668 513,7  2,0239
35 0,04300  425,6 1,7770 130 0,05749  518,8  2,0367
40  0,04401 430,4 1,7924 135 0,05832 524,0  2,0495
45 0,04501 435,2 1,8075 140  0,05913 5292 2,0622
50  0,04599 4399 1,8224 145 0,05994 5345 2,0748
55 0,04695 4447 1,8371 150  0,06074  539,8  2,0873
60  0,04790  449,5 1,8517 155 0,06155 545,1 2,0998
65 0,04884 4543 1,8660 160  0,06235 5504  2,1122
70 0,04976  459,2 1,8802 165 0,06315 555,8  2,1245
75 0,05068  464.,0 1,8942 170 0,06395 561,2  2,1367
80  0,05159 4689 1,9041 20,15 5,75
85 0,05250  473,8 1,9219 20,15 0,03581 410,1 1,7188
90  0,05338  478,7 1,9355 25 0,03681 414,8 1,7349
95 0,05428  483,7 1,9491 30  0,03781 419,7 1,7512
100 0,05516  488,6 1,9625 35 0,03879  424.,6 1,7671
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40  0,03974 4294 1,7827 135 0,05327  523,6  2,0417
45 0,04068 4343 1,7980 140  0,05402  528,8  2,0544
50  0,04159  439,1 1,8131 145 0,05477  534,1 2,0670
55 0,04249 4439 1,8279 150  0,05552 5394  2,0796
60  0,04338  448,8 1,8426 155 0,05626 544,77  2,0921
65 0,04425  453,6 1,8570 160  0,05700  550,0  2,1045
70 0,04511 458,5 1,8713 165 0,05774 5554  2,1168
75 0,04597 4634 1,8854 170 0,05848 560,8  2,1291
80  0,04681 468,3 1,8994 175 0,05921 565,3  2,1413
85 0,04765  473,2 1,9133 22,88 6,25
90  0,04847  478,1 1,9270 22,88 0,03295  411,5 1,7179
95 0,04930  483,1 1,9406 25 0,03336  413,6 1,7250
100 0,05011 488,1 1,9540 30 0,03432  418,6 1,7415
105 0,05092  493,1 1,9674 35 0,03525 4235 1,7577
110 0,05172 4982 1,9806 40  0,03615 4284 1,7735
115 0,05253 503,2 1,9938 45 0,03703  433,3 1,7890
120 0,05332  508,3  2,0069 50  0,03790  438,2 1,8042
125 0,05412 5135 2,019 55 0,03874  443,1 1,8192
130 0,05490  518,6  2,0327 60  0,03957  448,0 1,8340
135 0,05568 523,8  2,0455 65 0,04040 4529 1,8486
140  0,05647  529,0  2,0582 70 0,04121 457,8 1,8630
145 0,05724 5343 2,0708 75 0,04200 4627 1,8772
150  0,05801 539,6  2,0834 80 0,04279  467,7 1,8913
155 0,05879 5449  2,0958 85 0,04357  472,6 1,9052
160  0,05956  550,2  2,1082 90  0,04434  477,6 1,9190
165 0,06032 555,6 2,1206 95 0,04511 482,6 1,9327
170 0,06109  561,0  2,1328 100 0,04587  487,6 1,9462
175 0,06185 566,4  2,1450 105 0,04663  492,6 1,9596
21,54 6 110 0,04738  497,7 1,9729
21,54  0,03432  410,8 1,7183 115 0,04812 502,8 1,9861
25 0,03502  414,2 1,7299 120 0,04886  507,9 1,9992
30 0,03600  419,2 1,7463 125 0,04959  513,0  2,0122
35 0,03695  424,1 1,7623 130  0,05033 518,2  2,0251
40  0,03787 4289 1,7780 135 0,05105 5234 2,0380
45 0,03878  433,8 1,7934 140  0,05177  528,6  2,0507
50  0,03907  438,7 1,8086 145 0,05250  533,9  2,0633
55 0,04054  443,5 1,8235 150  0,05321 539,2  2,0759
60  0,04140 4484 1,8382 155 0,05393 544,5  2,0884
65 0,04224 4533 1,8527 160 0,05465 549,9  2,1008
70 0,04308  458,1 1,8671 165 0,05536  555,2  2,1132
75 0,04390  463,0 1,8813 170 0,05607  560,7  2,1255
80  0,04472  468,0 1,8953 175 0,05678 566,1 2,1377
85 0,04552  472,9 1,9092 24,18 6,50
90  0,04633 4779 1,9229 24,18 0,03167  412,2 1,7174
95 0,04712  482,8 1,9365 25 0,03183  413,0 1,7202
100 0,04790  487.8 1,9500 30 0,03277  418,0 1,7369
105 0,04868 4929 1,9634 35 0,03367  423,0 1,7532
110 0,04945 4979 1,9707 40  0,03456  428,0 1,7691
115 0,05023 503,0 1,9899 45 0,03542 4329 1,7847
120 0,05100  508,1 2,0030 50  0,03626  437.8 1,8000
125 0,05175 5133 2,0159 55 0,03708 4427 1,8151
130  0,05252 5184  2,0288 60  0,03789  447,6 1,8300
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65 0,03869 4525 1,8446 160  0,05046  549,5 2,0940
70 0,03948  457.5 1,8591 165 0,05112 5549  2,1063
75 0,04025 4624 1,8733 170 0,05178 560,3 2,11
80  0,04102 4673 1,8874 175 0,05244  565,8  2,1309
85 0,04177  472,3 1,9014 180  0,05310  571,2  2,1430
90  0,04252 4773 1,9152 26,68 7
95 0,04326 4823 1,9289 26,68 0,02939 4135 1,7166
100 0,04399 4873 1,9425 30 0,02999 416,88 1,7278
105 0,04472 4924 1,9559 35 0,03086  421,9 1,7444
110 0,04545 4974 1,9693 40  0,03171 426,9 1,7606
115 0,04617  502,5 1,9825 45 0,03253 4319 1,7764
120 0,04688 507,7 1,9956 50  0,03333  436,9 1,7919
125 0,04760  512,8  2,0086 55 0,03412 4419 1,8071
130  0,04830  518,0  2,0215 60  0,03488  446,8 1,8221
135 0,04900  523,2  2,0344 65 0,03564  451,8 1,8369
140  0,04970 5284  2,0471 70 0,03638  456,7 1,8515
145 0,05040  533,7  2,0598 75 0,03711 461,7 1,8658
150  0,05109  539,0  2,0724 80  0,03784  466,7 1,8801
155 0,05178 544,3 2,0849 85 0,03855  471,7 1,8941
160  0,05247  549,7  2,0973 90  0,03925  476,7 1,9080
165 0,05316  555,1 2,1097 95 0,03995  481.,7 1,9217
170 0,05384  560,5 2,1220 100 0,04064  486,8 1,9354
175 0,05453 5659  2,1342 105 0,04133  491,9 1,9489
180  0,05520 5714  2,1464 110 0,04201 496,9 1,9622
25,45 6,75 115 0,04269  502,1 1,9755
25,45 0,03049  412,8 17170 120 0,04336  507,2 1,9887
30  0,03133 4174 1,7323 125 0,04402 5124 2,0018
35 0,03222  422,5 1,7487 130 0,04468 517,6  2,0147
40  0,03308 4274 1,7648 135 0,04535 522,8  2,0276
45 0,03392 4324 1,7805 140  0,04600  528,0  2,0404
50  0,03474 4374 1,7959 145 0,04665 533,3  2,0531
55 0,03555 4423 1,8111 150  0,04730  538,6  2,0657
60  0,03633 4472 1,8260 155 0,04795 544,0  2,0782
65 0,03711 452,2 1,8407 160 0,04859  549,3  2,0907
70 0,03787  457,1 1,8552 165 0,04923 554,7  2,1031
75 0,03862  462,1 1,8695 170 0,04987  560,2  2,1154
80  0,03937  467,0 1,8837 175 0,05051 565,6  2,1276
85 0,04010  472,0 1,8977 180  0,05114  571,1 2,1398
90  0,04083  477,0 1,9116 27,88 7,25
95 0,04155  482,0 1,9253 27,88 0,02836  414,1 1,7162
100  0,04226  487,0 1,9389 30 0,02874  416,2 1,7234
105 0,04296  492,1 1,9523 35 0,02960  421,4 1,7401
110 0,04367 4972 1,9657 40  0,03043 4264 1,7564
115 0,04437  502,3 1,9780 45 0,03123  431,5 1,7724
120 0,04505 507,4 1,9921 50  0,03202  436,5 1,7880
125 0,04574  512,6  2,0051 55 0,03278 4414 1,8033
130 0,04642  517,8  2,0181 60  0,03353  446,4 1,8184
135 0,04711 523,0  2,0309 65 0,03427  451,4 1,8332
140  0,04778 5282  2,0437 70 0,03500  456,4 1,8478
145 0,04845 533,5 2,0564 75 0,03571 461,44 1,8623
150  0,04913 538,8  2,0690 80  0,03641 466,4 1,8765
155 0,04979  544,2  2,0815 85 0,03711 471,4 1,8906
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90  0,03779  476,4 1,9045 31,29 8,0000
95 0,03847  481,5 1,9183 31,29 0,02565  415,7 1,7150
100  0,03914  486,5 1,9320 35 0,02626  419,6 1,7278
105 0,03981 491,6 1,9455 40  0,02705  424,8 1,7445
110 0,04047  496,7 1,9589 45 0,02782  430,0 1,7608
115 0,04112 501,8 1,9722 50  0,02856  435,1 1,7767
120 0,04172  507,0 1,9854 55 0,02928  440,2 1,7923
125 0,04243 512,2 1,9985 60  0,02998 4452 1,8076
130  0,04307 5174  2,0115 65 0,03067  450,3 1,8226
135 0,04371 522,6  2,0244 70 0,03135 4553 1,8374
140  0,04434  527,8  2,0372 75 0,03202 4604 1,8520
145 0,04497  533,1 2,0499 80  0,03267 4654 1,8664
150  0,04560 5384  2,0625 85 0,03331 470,5 1,8806
155 0,04622  543,8  2,0751 90  0,03395  475,5 1,8947
160  0,04685 549,2  2,0875 95 0,03457  480,6 1,9086
165 0,04747  554,6  2,0999 100 0,03520  485,7 1,9223
170 0,04809  560,0  2,1122 105 0,03581 490,8 1,9360
175 0,04871 565,4  2,1245 110 0,03642 4959 1,9494
180  0,04932 570,9  2,1367 115 0,03703 501,1 1,9628
29,04 7,50 120 0,03763 506,3 1,9761
29,04  0,02740  414,6 1,7158 125 0,03822 5115 1,9892
30 0,02757  415,6 1,7191 130 0,03881 516,7  2,0023
35 0,02841 420,8 1,7360 135 0,03940  522,0  2,0152
40  0,02923 4259 1,7524 140  0,03998 527,2  2,0281
45 0,03002  431,0 1,7684 145 0,04050  532,5  2,0408
50  0,03079  436,0 1,7842 150  0,04114 5379  2,0535
55 0,03154  441,0 1,7996 155 0,04171 543,2  2,0661
60  0,03227  446,0 1,8147 160 0,04229  548,6  2,0786
65 0,03299  451,0 1,8296 165 0,04285 554,0  2,0910
70 0,03370  456,0 1,8443 170 0,04342 559,5 2,1034
75 0,03439  461,0 1,8588 175 0,04398 5650  2,1157
80  0,03508  466,1 1,8731 180  0,04455 570,5  2,1279
85 0,03576  471,1 1,8872 185 0,04511 576,0  2,1400
90  0,03643  476,1 1,9012 33,44 8,50
95 0,03708  481,2 1,9150 33,44 0,02410  416,8 1,7143
100 0,03774  486,2 1,9287 35 0,02435 4184 1,7198
105 0,03839  491,3 1,9422 40  0,02512 4237 1,7368
110 0,03903 4964 1,9557 45 0,02586  429,0 1,7534
115 0,03966  501,6 1,9690 50  0,02658  434,1 1,7695
120 0,04030  506,7 1,9822 55 0,02728  439,3 1,7853
125 0,04093 511,9 1,9953 60  0,02796 4444 1,8008
130 0,04155 517,1 2,0083 65 0,02862  449,5 1,8159
135 0,04217 5224  2,0212 70 0,02927  454,6 1,8309
140  0,04279  527,6  2,0341 75 0,02991 459,7 1,8456
145 0,04340 5329  2,0468 80  0,03053  464,7 1,8601
150  0,04401 5383  2,0594 85 0,03115  469,8 1,8744
155 0,04462  543,6  2,0720 90  0,03176  474,9 1,8885
160  0,04523 549,0  2,0845 95 0,03236  480,0 1,9025
165 0,04583 554,4  2,0969 100  0,03295  485,1 1,9163
170 0,04643 558,8  2,1092 105 0,03353  490,3 1,9300
175 0,04703 565,3 2,1215 110 0,03412 4954 1,9435
180  0,04762  570,8  2,1336 115 0,03469  500,6 1,9569
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120 0,03526  505.,8 1,9703 55 0,02390 4374 1,7720
125 0,03582  511,0 1,9834 60  0,02454 4427 1,7878
130 0,03639  516,3 1,9965 65 0,02516 4479 1,8033
135 0,03695 521,5  2,0095 70 0,02577  453,1 1,8185
140  0,03750  526,8  2,0224 75 0,02636 4582 1,8334
145 0,03805 532,2  2,0352 80  0,02694 4634 1,8481
150  0,03860  537,5  2,0479 85 0,02751 468,5 1,8620
155 0,03914  542,9  2,0605 90  0,02807  473,7 1,8769
160  0,03969 5483 2,0731 95 0,02852 4789 1,8911
165 0,04023 553,7  2,0855 100 0,02917  484.,0 1,9050
170 0,04076  559,1 2,0979 105 0,02971 489,2 1,9188
175 0,04130  564,6  2,1102 110 0,03023 4944 1,9325
180  0,04183 570,1 2,1224 115 0,03076  499,0 1,9400
185 0,04236  575,7  2,1346 120 0,03128 504.,9 1,9594
35,49 9 125 0,03180  510,1 1,9727
35,49 0,02271 417,7 1,7137 130 0,03231 5154 1,9858
40  0,02340  422,6 1,7293 135 0,03282  520,7 1,9989
45 0,02412 4279 1,7462 140  0,03333 526,0  2,0119
50  0,02482 4332 1,7625 145 0,03383 5314  2,0247
55 0,02550  438,4 1,7785 150  0,03432  536,7  2,0375
60  0,02616  443.5 1,7942 155 0,03482 542,1 2,0502
65 0,02680  448,7 1,8095 160 0,03531 547,5  2,0628
70 0,02743 453,88 1,8246 165 0,03580  553,0  2,0753
75 0,02803  458,9 1,8394 170 0,03629  558.,5 2,0877
80  0,02864  464,1 1,8540 175 0,03677  564,0  2,1000
85 0,02923  469,2 1,8684 180  0,03725 569,5 2,1123
90  0,02981 474,3 1,8826 185 0,03774  575,0  2,1245
95 0,03039 4794 1,8967 190  0,03821 580,6  2,1366
100  0,03096  484,6 1,9106 39,35 10,00
105 0,03151 489,8 1,9243 39,35 0,02034  419,5 1,7124
110 0,03207 4949 1,9379 40  0,02044  420,2 1,7147
115 0,03262 500,1 1,9514 45 0,02114  425,7 1,7322
120 0,03316  505,3 1,9647 50  0,02181 431,2 1,7491
125 0,03370  510,6 1,9779 55 0,02246  436,8 1,7655
130  0,03423 515,8 1,9911 60  0,02308  441,6 1,7816
135 0,03477  521,1 2,0041 65 0,02368  447,1 1,7972
140  0,03530 5264  2,0170 70 0,02427 4523 1,8126
145 0,03582 531,8  2,0298 75 0,02485  457,5 1,8277
150  0,03634 537,11 2,0426 80  0,02541 462,7 1,8425
155 0,03686  542,5  2,0552 85 0,02596 4679 1,8571
160  0,03737 5479  2,0678 90  0,02650  473,1 1,8715
165 0,03789  553,3  2,0803 95 0,02703 4783 1,8857
170 0,03840  558,8  2,0927 100  0,02756  483,5 1,8987
175 0,03890  564,3 2,1050 105 0,02807  488,7 1,9136
180  0,03941 569,8  2,1172 110 0,02859 4939 1,9273
185 0,03992 5754  2,1294 115 0,02909  499,1 1,9409
190  0,04042  580,9  2,1415 120 0,02959 5044 1,9543
37,45 9,50 125 0,03008 509,7 1,9676
37,45 0,02147  418,6 1,7130 130  0,03058 515,0 1,9809
40  0,02184 4214 1,7220 135 0,03106  520,3 1,9940
45 0,02256  426,8 1,7391 140  0,03155 525,6  2,0070
50  0,02324 4322 1,7558 145 0,03203 530,9  2,0193
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150  0,03250 5363  2,0326 90  0,02151  470,5 18513
155 0,03298  541,0  2,0453 95 0,02199 4758  1,8659
160  0,03345 5472 2,0579 100 0,02245 4812  1,8802
165  0,03392  552,6  2,0705 105 0,02290 4865  1,8944
170 0,03438  558,1  2,0829 110 0,02335  491,8  1,9083
175  0,03485  563,6  2,0953 115 0,02379 4971  1,9221
180  0,03531 5692  2,1076 120 0,02423  502,5  1,9358
185 0,03577 5747  2,1798 125 0,02466 5078  1,9493
190  0,03623 5803  2,1819 130 0,02508 5132  1,9627
4293 11,00 135 0,02550 5185  1,9760
42,93  0,01839  421,0 1,7112 140  0,02592 5239  1,9891
45 0,01867 4234  1,7186 145 0,02633 5294  2,0021
50 0,01932 4290 1,7362 150  0,02675 5348  2,0150
55 0,01995 4345  1,7531 155 0,02715 5402  2,0279
60  0,02054  440,0  1,7696 160 0,02756 5457  2,0406
65  0,02112 4454  1,7856 165  0,02796 5512  2,0532
70 0,02168  450,7  1,8013 170 0,02836 5568  2,0657
75 0,02223 4560 18166 175 0,02875 5623  2,0782
80  0,02275 4613  1,8317 180  0,02915 5672  2,0906
85  0,02327  466,6  1,8465 185 0,02954 5735  2,1029
90  0,02378 4718  1,8611 190  0,02993  579.1  2,1151
95 0,02428  477,1 18755 195  0,03032  584,7  2,1272
100  0,02477 4823  1,8897 200 0,03070 5904  2,1393
105 0,02525 4876  1,9037 49,42 13,00
110 0,02573 4929 19175 4942  0,01534  423,6  1,7088
115 0,02620  498,1 11,9312 50 001542 4243 11,7110
120 0,02666 5034  1,9447 55 0,01602 4303  1,7292
125 0,02713  508,7  1,9582 60  0,01660  436,1  1,7468
130 0,02758 5141 19715 65 0,01714 4418  1,7637
135 0,02803 5194  1,9846 70 0,01767 4473  1,7801
140  0,02848 5248  1,9977 75 0,01817 4529  1,7961
145 0,02892 5302  2,0106 80  0,01865 4584 18117
150  0,02936 5356  2,0235 85  0,01912 4638  1,8270
155 0,02980  541,0  2,0363 90  0,01959 4692  1,8420
160  0,03023 546,55  2,0489 95  0,02003 4746  1,8568
165  0,03067 551,9  2,0615 100 0,02047  480,0 1,8713
170 0,03110 5574  2,0740 105  0,02091 4853  1,8836
175 0,03152  563,0  2,0864 110 0,02133  490,7  1,8997
180  0,03194 5685  2,0987 115 0,02175  496,1 19136
185 0,03237 5741  2,1110 120 0,02216  501,5  1,9274
190  0,03279 579,7  2,1231 125 0,02257 5069  1,9410
195  0,03321 5853  2,1353 130 0,02297 5123  1,9545
46,26 12,00 135 0,02336  517,7 1,9678
46,28 0,01674 4224  1,7100 140  0,02375  523,1  1,9810
50 0,01722 4268  1,7235 145 0,02414 5285  1,9941
55 0,01783 4325  1,7411 150  0,02453 5340  2,0071
60  0,01842 4381  1,7580 155 0,02491 5395  2,0200
65 0,01897 4436  1,7745 160  0,02529 5450  2,0328
70 0,01951 4491  1,7905 165  0,02566 5505  2,0455
75 0,02003 4545  1,8062 170 0,02604  556,1  2,0581
80  0,02054 4598  1,8215 175 0,02641  561,6  2,0706
85  0,02103 4652  1,8365 180  0,02677 5672  2,0830
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185 0,02714  572,8  2,0953 125 0,01921 504.,9 1,9257
190  0,02751 578,5 2,1075 130 0,01958 5104 1,9394
195 0,02787  584,1 2,1197 135 0,01993 5159 1,9529
200  0,02823 589,8  2,1318 140  0,02028 5214 1,9663
52,39 14,0000 145 0,02063 526,9 1,9795
52,39 0,01413 424,7 1,7076 150  0,02098 5324 1,9926
55 0,01445 4279 1,7174 155 0,02132 5379  2,0056
60  0,01502  434,0 1,7357 160  0,02166  543,5  2,0185
65 0,01556  439,8 1,7531 165 0,02199  549,1 2,0313
70 0,01607  445,6 1,7700 170 0,02233 554,7  2,0440
75 0,01656  451,2 1,7864 175 0,02265 560,3 2,0566
80  0,01703  456,8 1,8023 180  0,02298 5659  2,0691
85 0,01749  462,3 1,8179 185 0,02331 571,6  2,0815
90  0,01793 467,88 1,8331 190  0,02363 577,2  2,0939
95 0,01836 4733 1,8481 195 0,02395 582,9  2,1061
100  0,01878  478,8 1,8628 200  0,02427  588,7  2,1183
105 0,01919  484,2 1,8772 205 0,02459 594,44  2,1303
110 0,01960  489,6 1,8915 210 0,02491 600,2  2,1424
115 0,01999  495,0 1,9055 57,88 16,00
120 0,02038 500,5 1,9194 57,88 0,01215  426.,5 1,7050
125 0,02077  505.,9 1,9332 60  0,01239 4293 1,7134
130  0,02115 5113 1,9467 65 0,01294 435,6 1,7323
135 0,02153 516,8 1,9602 70.0,01344  441,7 1,7503
140  0,02189 5222 1,9734 75 0,01392  447,7 1,7675
145 0,02226  527,7 1,9866 80  0,01437  453,0 1,7842
150  0,02263 533,2 1,9997 85 0,01480  459,3 1,8004
155 0,02299  538,7  2,0126 90  0,01522  465,0 1,8162
160  0,02334  544,2  2,0255 95 0,01562  470,6 1,8316
165 0,02370  549,8  2,0382 100  0,01602  476,2 1,8467
170 0,02405 5554  2,0508 105 0,01640  481,8 1,8616
175 0,02440  561,0  2,0634 110 0,01677 4874 1,8761
180  0,02475 566,6  2,0758 115 0,01714  492,9 1,8905
185 0,02509  572,2  2,0882 120 0,01750 4984 1,9046
190  0,02543 577,9  2,1005 125 0,01785 503.,9 1,9186
195 0,02577  583,5 2,1127 130  0,01820  509,5 1,9323
200  0,02611 589,3  2,1248 135 0,01854  515,0 1,9460
205 0,02645 595,0  2,1369 140  0,01887  520,5 1,9594
55,2 15,00 145 0,01921 526,0 1,9728
55,2 0,01308 4257 1,7063 150  0,01954  531,6 1,9860
60  0,01363  431,7 1,7246 155 0,01986  537,2 1,9990
65 0,01417  437,8 1,7427 160  0,02018 542,77  2,0120
70 0,01468 4437 1,7601 165 0,02050  548,4  2,0248
75 0,01516  449,5 1,7769 170 0,02082 554,0  2,0376
80  0,01562  455,2 1,7932 175 0,02113 559,6  2,0502
85 0,01606  460,9 1,8090 180  0,02144  565,2  2,0627
90  0,01649  466,4 1,8245 185 0,02175 570,9  2,0752
95 0,01690  472,0 1,8397 190  0,02206  576,6  2,0876
100  0,01731 471,5 1,8546 195 0,02230  582,3  2,0998
105 0,01770  483,0 1,8692 200  0,02267  588,1 2,1121
110 0,01809  488.,5 1,8837 205 0,02297  593,8  2,1242
115 0,01847  494,0 1,8978 210  0,02327  599,6  2,1362
120 0,01885 4994 1,9119 60,43 17,0000
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60,43 0,01132 4272 1,7037 155 0,01742  535,6 1,9866
65 0,01183  433,3 1,7217 160  0,01772  541,2 1,9997
70 0,01234  439,7 1,7405 165 0,01801 546,9  2,0127
75 0,01281 445,8 1,7583 170 0,01830 5525 2,0256
80  0,01326  451,8 1,7754 175 0,01859  558,2  2,0383
85 0,01369  457,7 1,7920 180  0,01887  563,9  2,0509
90  0,01410  463,5 1,8081 185 0,01915 569,6  2,0635
95 0,01449  469,3 1,8238 190  0,01943 5754  2,0759
100  0,01487 4749 1,8391 195 0,01971 581,1 2,0883
105 0,01525  480,6 1,8541 200  0,01998 586,9  2,1005
110 0,01561 486,2 1,8689 205 0,02026  592,7  2,1127
115 0,01596  491,8 1,8834 210  0,02053 598,5  2,1248
120 0,01631 497,4 1,8976 215 0,02080  604,3 2,1369
125 0,01665 502,9 1,9117 65,22 19,00

130 0,01698 508,5 1,9256 65,22 0,00991 428,3 1,7007
135 0,01730  514,1 1,9393 70 0,01043  435,1 1,7205
140  0,01763 519,6 1,9529 75 0,01092  441,7 1,7398
145 0,01795 525,2 1,9663 80  0,01137  448,1 1,7580
150  0,01826  530,8 1,9796 85 0,01179 4543 1,7755
155 0,01857  536,4 1,9927 9  0,01219  460,4 1,7923
160  0,01888 542,0  2,0057 95 0,01257  466,4 1,8086
165 0,01918 547,6  2,0186 100  0,01294 4722 1,8244
170 0,01949  553,2  2,0314 105 0,01329  478,0 1,8399
175 0,01978 558,9  2,0441 110  0,01364  483.,8 1,8550
180  0,02008 564,6  2,0567 115 0,01397  489,5 1,8698
185 0,02037  570,3 2,0692 120 0,01429 4952 1,8844
190  0,02066  576,0  2,0816 125 0,01461 500,9 1,8987
195 0,02096  581,7  2,0939 130 0,01492  506,5 1,9129
200  0,02124  587,5  2,1062 135 0,01523 512,2 1,9268
205 0,02153 5932  2,1183 140  0,01553 517,8 1,9405
210 0,02182  599,1 2,1304 145 0,01582 523,5 1,9541
215 0,02210  604,9  2,1424 150  0,01611 529,1 1,9676
62,87 18,0000 155 0,01640  534,8 1,9808
62,87 0,01058 4278 1,7022 160  0,01668 540,5 1,9940
65 0,01082  430,8 1,7110 165 0,01696  546,1 2,0070
70 0,01134 4374 1,7306 170 0,01724  551,8  2,0199
75 0,01182 4438 1,7491 79,41 26,00

80  0,01227  450,0 1,7667 79,41 0,00657 4293 1,6872
85 0,01269  456,1 1,7837 80  0,00664 4304 1,6904
90  0,01309  462,0 1,8001 85 0,00718  439,2 1,7151
95 0,01348  467,8 1,8161 90  0,00763  447,1 1,7369
100 0,01386  473,6 1,8317 95 0,00803 4544 1,7569
105 0,01422  479,3 1,8469 100  0,00839 4613 1,7756
110 0,01457  485,0 1,8618 105 0,00873  468,0 1,7933
115 0,01491 490,7 1,8765 110 0,00905  474,5 1,8103
120 0,01524  496,3 1,8909 115 0,00935  480,8 1,8268
125 0,01557  501,9 1,9051 120 0,00964  487,0 1,8427
130 0,01589  507,5 1,9191 125 0,00992 4932 1,8582
135 0,01621 513,1 1,9329 130 0,01018  499,2 1,8734
140  0,01652  518,7 1,9466 135 0,01044  505,2 1,8882
145 0,01682  525,8 1,9601 140  0,01069  511,2 1,9027
150  0,01713 530,0 1,9734 145 0,01094 517,22 1,9170
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150  0,01118  523,1  1,9311 90  0,00575  436,1  1,6992
155 0,01142 5290  1,9450 95 0,00624 4453  1,7245
160  0,01165 5349 19587 100 0,00665 4535  1,7466
165 0,01187 5408  1,9722 105 0,00701  461,1  1,7667
170 0,01210  546,6  1,9855 110 0,00733 4682  1,7855
175 0,01232 5525  1,9987 115 0,00764 4751  1,8034
180  0,01253 5584  2,0118 120 0,00792  481,8  1,8204
185  0,01275 5643  2,0247 125 0,00819 4883  1,8369
190  0,01296 5702  2,0375 130 0,00845 4947  1,8528
195  0,01317  576,1  2,0502 135 0,00869 501,0 1,8683
200 0,01338  582,0  2,0628 140  0,00893 5072  1,8835
205  0,01358  588,0  2,0753 145 0,00916 5133  1,8983
210  0,01379 5939  2,0876 150  0,00939 5194  1,9128
215 0,01399 5999  2,0999 155 0,00960 5255  1,9271
220 001419 6059  2,1121 160  0,00982 531,6  1,9411
225 0,01439  611,9  2,1242 165  0,01003 5376  1,9549
230 0,01458 6179  2,1362 170 0,01023 5436  1,9686
8291 28 175 0,01043 5496  1,9820
82,91 0,00589 4287  1,6819 180  0,01063 5556  1,9953
85  0,00614 4330  1,6941 185  0,01083  561,6  2,0085
90  0,00666 442,1  1,7193 190  0,01102  567.6  2,0215
95 0,00709 4502  1,7413 195  0,01121  573,6  2,0344
100  0,00747 4576  1,7614 200 0,01139  579,6  2,0471
105 0,00782  464,7  1,7802 205 001158 5856  2,0598
110 0,00814 4714  1,7980 210 001176  591,6  2,0723
115 0,00844  478,0  1,8150 215 001194 5976  2,0847
120 0,00872 4845  1,8315 220 001212  603,7  2,0970
125 0,00899 4908  1,8474 225 0,01230  609,7  2,1092
130 0,00925 4970  1,8630 230 0,01248 6158  2,1214
135 0,00951  503,1  1,8781 235 0,01265 6219  2,1334
140  0,00975 5092  1,8929 240  0,01283  628,0  2,1454
145 0,00999 5153  1,9075 8935 32

150  0,01022  521,3  1,9218 8935 0,00472 4260  1,6685
155 0,01045 5273  1,9358 90  0,00482 4279  1,6737
160  0,01067 5332  1,9497 95 0,00544 4395  1,7056
165  0,01088 5392  1,9634 100 0,00589 4488  1,7307
170 0,01110 5451  1,9769 105 0,00628  457,1  1,7527
175 001131  551,1  1,9902 110 0,00662  464,7  1,7728
180  0,01151  557,0  2,0034 115 0,00692  472,0 1,7916
185  0,01172 5629 2,0164 120 0,00721 4789  1,8094
190  0,01192 5689  2,0293 125 0,00748 4857  1,8264
195  0,01212 5748  2,0421 130 0,00773 4922  1,8428
200  0,01232 5808  2,0547 135  0,00798 4987  1,8587
205  0,01251 5868  2,0673 140  0,00821  505,1  1,8742
210  0,01270  592,8  2,0798 145 0,00844 5113  1,8893
215 0,01289 5988  2,0921 150  0,00865 5175  1,9041
220 0,01308 6048  2,1044 155 0,00887 523,7 1,9186
225 001327 6108  2,1165 160  0,00907 5298  1,9328
230 0,01346 6168  2,1286 165 0,00927 5359  1,9468
235 001364 6229  2,1406 170 0,00947  542,0  1,9606
86,22 30 175 0,00967  548,1  1,9742
86,22 0,00528 4276  1,6758 180  0,00986  554,1  1,9876
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185 0,01004  560,2  2,0009 125 0,00628  480,1 1,8055
190  0,01023 566,2  2,0140 130 0,00654  487,1 1,8230
195 0,01041 572,3  2,0270 135 0,00678  494,0 1,8399
200  0,01059  578,3  2,0390 140 0,00700  500,6 1,8561
205 0,01077 584,44  2,0526 145 0,00722 507,2 1,8719
210  0,01094  590,4  2,0652 150  0,00743 513,6 1,8873
215 0,01111 590,5  2,0776 155 0,00763 520,0 1,9022
220  0,01129  602,6  2,0900 160  0,00783 526,3 1,9169
225 0,01146  608,6  2,1023 165 0,00802  532,6 1,9313
230 001162 614,88  2,1145 170 0,00821 538,8 1,9454
235 0,01179  620,9  2,1266 175 0,00839  545,0 1,9594
240  0,01196  627,0  2,1386 180  0,00857  551,2 1,9731
92,32 34 185 0,00874 5574 1,9866
92,32 0,00420  423,6 1,6596 190  0,00891 563,5 1,9999
95 0,00463 4320 1,6825 195 0,00908 569,7  2,0131
100  0,00518 4434 1,7132 200  0,00925 575,8  2,026!
105 0,00561 452,7 1,7379 205 0,00941 581,9  2,0390
110 0,00597  461,0 1,7597 210 0,00957 5881 2,0518
115 0,00629  468,7 1,7796 215 0,00973 5942 2,0644
120 0,00658  475,9 1,7983 220 0,00989  600,3 2,0770
125 0,00685 4829 1,8160 225 0,01005 606,5  2,0894
130 0,00710  489,7 1,8329 230  0,01020  612,7  2,1017
135 0,00734  496,4 1,8493 235 0,01035 618,8  2,1139
140  0,00757 5029 1,8651 240  0,01050 6250  2,1260
145 0,00779  509,3 1,8805 245 0,01065 631,4  2,1380
150  0,00801 515.,6 1,8956 250  0,01080 6374  2,1500
155 0,00821 521,9 1,9103 97,83 38
160 0,00842 5281 1,9247 97,83 0,00319  415,1 1,6324
165 0,00861 534,3 1,9389 100 0,00374 4270 1,6645
170 0,00880  540,4 1,9529 105 0,00438  441,5 1,7031
175 0,00899  546,6 1,9667 110  0,00482  452,1 1,7309
180  0,00917  552,7 1,9802 115 0,00517  461,1 1,7543
185 0,00935 558.,8 1,9936 120 0,00549 4694 1,7754
190  0,00953 564,9  2,0068 125 0,00577  477,1 1,7948
195 0,00971 571,0  2,0199 130 0,00602 4844 1,8131
200  0,00988 577,1 2,0328 135 0,00626 4914 1,8306
205 0,01005 583,1 2,0457 140  0,00649 4983 1,8473
210  0,01022 589,2  2,0583 145 0,00671 505,0 1,8634
215 0,01038 595,3  2,0709 150  0,00691 511,6 1,8791
220  0,01055 601,5  2,0834 155 0,00711 518,1 1,8944
225 0,01071 607,6  2,0957 160  0,00731 524.,5 1,9093
230  0,01087  613,7  2,1080 165 0,00749  530,9 1,9239
235 0,01103 619,8  2,1201 170 0,00767  537,2 1,9382
240  0,01119  626,0  2,1322 175 0,00785 543.,5 1,9523
245 0,01134 6322  2,1441 180  0,00802  549,7 1,9661
95,15 36 185 0,00819  555,9 1,9798
95,15 0,00370  420,3 1,6483 190  0,00836  562,1 1,9932
100 0,00449  436,6 1,6924 195 0,00852  568,3  2,0065
105 0,00498  447,6 1,7216 200  0,00868 574,5 2,0197
110 0,00537  456,8 1,7458 205 0,00884  580,7  2,0326
115 0,00571 465,1 1,7672 210 0,00900  586,9  2,0455
120 0,00601 472,8 1,7870 215 0,00915 593,0  2,0582

Thu vien DH SPKT TP. HCM A Htilp://www.thuvienspkt.edu.vn



Truong DH SPKT TP. HCM Ky thudt lanh http://www.hcmute.edu.vn
220  0,00930 599,2  2,0708
225 0,00945 605,4  2,0833
230  0,00960  611,6  2,0957
235 0,00975 617,8  2,1079
240  0,00989  624,0  2,1201
245 0,01004  630,2 2,1322
250  0,01018 636,5 2,1441

100,37 40
100,37 0,00254  404,4 1,6022
105 0,00376  433,7 1,6804
110 0,00429  446,7 1,7143
115 0,00468  456,8 1,7406
120 0,00501 465,7 1,7634
125 0,00530  473,8 1,7840
130 0,00556  481,5 1,8031
135 0,00580  488.,8 1,8212
140  0,00603 495,9 1,8385
145 0,00624 502,8 1,8550
150  0,00645 509,5 1,8710
155 0,00664 516,2 1,8866
160  0,00683 522,7 1,9018
165 0,00702 529,2 1,9166
170 0,00719 535,6 1,9311
175 0,00737 541,9 1,9454
180  0,00753 548,2 1,9594
185 0,00770 554,5 1,9732
190  0,00786 560,8 1,9867
195 0,00802 567,0  2,0001
200  0,00817 573,2  2,0134
205 0,00833 579,4  2,0265
210 0,00848 585,7  2,0394
215 0,00863 591,9  2,0522
220  0,00877 598,1 2,0649
225 0,00892  604,3 2,0774
230  0,00906  610,5 2,0898
235 0,00920  616,8  2,1022
240  0,00934  623,0 2,1144
245 0,00948 629,3 2,1265
250  0,00962  635,5 2,1386
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BANG 9: CHON DAU CHO MAY NEN PISTON VOI CAC MOI CHAT KHAC NHAU.

Moi chat Amoniac R22 RI12 R502 R134a
) Nhiétdo | Gigi | Nhiét do bay hoi | Nhiét 36 bay hoi | Nhiét do bay hoi | Nhiét d§ bay hoi
Kihi¢u dau b;a Y hoAi thigu Thap Cao Thap Cao Thap Cao Thap Cao
tha;z (Ijlhat nhét nhét nhét nhét nhét nhét nhét nhét
°C °C °C °C °C °C °C °C
M46 -50 . -35 0 - - -25 -5 - -
M46-48 -50 . -35 +5 -45 0 -25 -5 - -
M68 -50 . -35 +10 -45 +5 -25 -5 - -
M100 -35 . -20 +10 -30 +10 - - - -
M150 - . -10 +15 -20 +15 - - - -
MA46 -50 ° -45 0 - - -35 -5 - -
MA46-48 -50 . -45 +5 -50 0 -35 -5 - -
MAG68 -50 . -45 +10 -45 +5 -35 -5 - -
MA100 -35 . -35 +10 -45 +10 - - - -
A46 -50 . -60 0 -50 +5 -60 -5 - -
A46-68 -50 . -60 +5 -50 +5 -60 -5 - -
A68 -50 . -60 +10 -50 0 -60 -5 - -
A100 -35 ° -60 +10 -50 +10 -60 -5 - -
A150 - . -60 +15 -50 +10 -60 -5 - -
AP46 50 | e | 45 | 410 | 550 | 0 v - - -
AP68 50 | A | 45 | 415 | 50 | 410 | -5 -5 - -
AP100 50 | e | 45 | 420 | =500 | +15 | - - - -
MP46 -50 ¢ - - - - - - - -
P68 50 | A | 20 | +15 | 30 | +10 | - : - -
P100 50 | e | 20 | 425 | 30 | +20 | - - - -
P150 0 R - - 10 | +25 - - - -
P220 +10 . - - -10 +35 - - - -
E46 ] ] ] _ 40 0
E68 - - | 40 0 -30 0
E100 - - | -40 | +10 Chua x4c dinh 30 | +20
E150 - ~ | <40 | +20 20 | 420
E220 - - - - 0 +35

Ghi chu: - Khong dung duoc; e Co thé dung duoc; ¢ Nén dung; A Rat nén ding
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BANG 10: CHON DAU CHO MAY NEN TRUC VIT VOI CAC MOI CHAT KHAC NHAU.

Mbi Amoniac R22 R12 R134a
chit
So t, | Nhi¢ | Gidi to Nhiét do dau to Nhiét d6 dau t, Nhiét @6 dau
hléu mi t thié max max max
dau n d‘é u mi | ma tx tx tx mi | ma tx tx tx mi ma tx tx tk
°C | dau n X n X n X
max °Cl°C|35°|45° | 55°[°C]|°C|40°|60°)80°|°C| °C]| 40°] 60° [ 80°
C C C C C C C C C

Ma6 501350 | e | - | - - -1 -1-1-1-1-1-1-1-"1-1-1-
Ma6- |50 50 | & |35 0 fas|as| - |- |- -|-|-1-|-1|-1-1-
48
M8 |50 50| & |35 5 |sofsof - |-|-1-|-|-1-|-1/|-1-1-
M100 [-35) 55| o |20l 10|50 50| 50305 50| - |- |-|-1|-1-1-
M5O | - | - | - [-10] 15|55 55| s50]|20{10]60] - | -|-|-|-1]-]-
MA46 |50 50 | o | - | - | - - -1-1-1-1-1-1-1-1-1-1-
MA46-|-50| 50 | & |45 0 [as|as| - | - |- -|-|-1|-|-1|-1-1-
48
MA68 |50 50 | o |45 5 |[sofso| - |-|-|-|-|-1-|-1|-1-1-
MAI0 [-35) 55 | o |35 10|55 55|50 45| 5|50 - | -|-|-|-1-1-
0
Ad6 501 50 [ e |- - -1 -1 -1-1-1-1-1-1-1-01-1-T°1-
Ad6- |50 50 | o |60l 0 as|as| - |-|-|-|-|-1-|-1-1-1-
68
A68 |50l 50| & |60l 5 |sofsof - |-|-|-|-|-~4-|-1|-1-1-
A100 |-35) 55| o |60 10|55 55|50 |-s0] 5|50l - - |-|-|-1-1-
A150 | - | - | - |-60] 15|75 75| 70 |-s0l10le60 | - | - |-|-|-|-]-
AP46 |60 | 50
AP68 |-60| 55 451065 60| 55|50l 5|50 - -|-|-1]-1-1-
AP100 [-50 [ 60 4s5(15f70 16560 [-50l10|55 - | -|-|-]-1-1-

[ )
A
.
MP46 |50 60 | o | - | - | - | - | - |-1-1-1-1-1-1-1-1-1-
A
*

P68 -60 | 60 201 10| 65 [ 65 | 60 [-30] 5 | 60 [ 55 - - - - - -
P100 |-50( 60 -201 20| 70 | 70 | 65 |-30] 15 ] 65 | 60 - - - - - -

P1so | - | - 102575757 [-10020]70 65|60 -|-]-1]-1-
P20 |- | - | - |o|2s| - |8 |8 |-10]35]8 |75|70]|-|-|-1-]-
P20 |- - | - |-|-|-|-|-lo|3]|-|s|]|-|-|-1-1-
paco | - | - | - |- - - -] -1o|3] -8 |so|-|-|-1]-]-
E46 -1 -1-1-1-1-71T- 401 0 [ 55 | 55 | -
E68 N R R I I I B 30 0|65| 60| -
E100 | - | - | - |-40|10] 50| 50]| - Chua xéc dinh 20[20] 70 | 65 | 60
E150 | - | - | - |-40]20] 50 | 50| - 2020 75| 70 | 65
E220 | - | - | - |40|25|55] 55| 55 0[35]8 | 75] 70
E320 | - | - | - |40|25| 65| 65| 65 0]35] - | 80|75

NI | & [a] & N
Ghi chu: - Khong ding dugc; e C6 thé dung dugc; ¢ Nén dung; A Rat nén dung.
a Nhiét do dau phu thudc dau day, cao hon nhiét d6 ngung tu t, 25°C.
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Nguyén buc Logi. Huong dan thiét ké hé théng lanh. Ha N6i: NXB khoa hoc va ky thuat,
1992. 354 tr.

Nguyén Duc Loi, Pham Van Tuy. Moi chét lanh. NXB gido duc, 1996. 312tr.

Nguyén Duc Loi, Pham Van Tuy. Tu lanh, may kem, may d4, may diéu hoa nhiét 6. Ha
Noi: NXB khoa hoc va k¥ thuat, 1990. 356 tr.

Nguyén Puc Loi, Pham Van Tuy. K§ thuat lanh co so. NXB gido duc, 1996. 328 tr.

Nguyén buc Loi, Pham Van Tuy, Dinh Van Thuan. Ky thuat lanh ing dung. NXB gido
duc, 1995. 372 tr.
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1992. 354 tr.
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Nguyén Puc Loi, Pham Vin Tuy. Tu lanh, may kem, may d4, may diéu hoa nhiét 6. Ha
Noi: NXB khoa hoc va k¥ thuat, 1990. 356 tr.

Nguyén DPirc Loi, Pham Van Tuy. K§ thuat lanh co sé. NXB gido duc, 1996. 328 tr.

. Nguyén Puc Loi, Pham Vin Tuy, Dinh Van Thuan. K¥ thuat lanh tmg dung. NXB gido

duc, 1995. 372 tr.
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tr.
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Lé Chi Hi¢p. Méy lanh hép thy trong k¥ thudt diéu hoa khong khi. NXB PHQG TP. HCM.
2004, 506 tr.

Lé Chi Hiép. K§ thuat diéu hoa khong khi. NXB KHKT 2001, 560 tr.

Dinh Van Thuan, V6 Chi Chinh. Hé théng may va thiét bi lanh. Ha Noi: NXB khoa hoc
va ky thuat, 2005, 496 tr.
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Ha No6i: NXB khoa hoc va k¥ thuat, 2003, 320 tr.

Trin Thanh Ky. M4y lanh. H6 Chi Minh, 1983. 614 tr.
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234 tr.
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k¥ thuat, 1985. 173 tr.
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166 tr.
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S6 tay str dung may nén lanh piston Mycom.
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30 tr.
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