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Tém tit

Thong qua cac cong thirc tinh toan lién quan dén cac thong sd nhiét vat 1y cia
nudc & trang thai bio hoa trong vung nhiét d6 tir 0°C dén 150°C, bai bao thuc hién
viéc nghién ctru sy tac dong cuia nhiét do va ap suét voi cac thong sb nay. Bai bdo chi
ra tdc dong cua nhié¢t do 1én sy thay ddi cua ap suit bdo hoa, khoi lugng riéng, hé )
gidn no nhiét, thé tich riéng ciia hoi nudc bio hoa, entanpi, nhiét dung riéng dang ap,
an nhiét hoa hoi, hé s6 dan nhiét, do nhét dong luc hoc, tri s6 Prandtl, d6 gian nd bé
mit ctia nudc bio hoa. Bai bao cling tim thdy sy anh hudng cua ap suit dén khdi
lugng riéng, entanpi va h¢ s6 nhot dong luc hoc cia nudce bao hoa.

Tir khéa: théng sé nhiét vt 1y ciia nuwde bao hoa, khéi lwong riéng, entanpi, hé
s0 ddn nhiét, do nhot dong luc hoc, tri so Prandle...

Abstract

Through the calculation formulas related to thermophysical properties of
saturated water in the temperature range from 0°C to 150°C, the paper conducts
research on the impact of temperature and pressure on this parameter. The paper
shows the effect of temperature on changes in saturation pressure, density, volumetric
thermal expansion coefficient, specific volume of saturated vapor, specific enthalpy,
specific heat at constant pressure, latent heat of vaporization, thermal conductivity,
dynamic viscosity, Prandtl number, surface tension. The paper also found the effect
of pressure on density, specific enthalpy and dynamic viscosity of saturated water.

Keywords: thermophysical properties of saturated water, density, enthalpy,
specific heat at constant pressure, thermal conductivity, dynamic viscosity, Prandtl
number ...

1. Gi6i thi¢u
Céc thong sd nhiét vat 1y ctia nude bio hoa co anh hudng 16n dén cic bai toan
truyén nhiét va vi¢c thiét ké cac bd trao do1 nhiét cling nhu cac h¢ thong nhi¢t. Hoc
sinh, sinh vién khoéi nganh k¥ thudt nhiét ctia cac truong dai hoc, cao dang thuong
bict t&i cac thong so nhiét vat 1y cua nudce bao hoa thong qua céc bang tra. Viéc tra
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bang dé tim cac thong s6 nhiét vat 1y tiéu ton kha nhiéu thoi gian khi giai cac bai toan
vé truyén nhiét va cang kho khan hon khi 14p trinh cac hé thdng nhiét. Do d6, st dung
cac cong thirc tinh todn cac thong sd nhiét vat 1y ctia nude bio hoa khién viée giai
quyét cac bai toan vé truyén nhiét va 1ap trinh cic hé théng nhiét trén cic ngdn ngit
1ap trinh phd bién nhu Matlab, C™, Fortran 90...tr& nén d& dang hon hodc khi giai
cac bai tap trén cong cu phd bién nhu Excel.

HAu hét cac tinh toan lién quan dén nuée bio hoa thue hién trong vung nhiét d
tor 0°C dén 150°C va dai ap suat tir 0 dén 10 bar, do d6 trong bai b4do nay chi dé cap
dén cac thong s6 cua nude bao hoa trong vung nhiét do tir 0°C dén 150°C. Cu thé, bai
bao trinh bay 11 thong s6 nhiét vat 1y cia nudc bao hoa, cac thong s6 nay rat hiru ich
cho vi¢c tinh toan thiét ké cac bd trao doi nhiét va hé thong nhiét cling nhu cac ting
dung cong nghé lién quan. Ngoai ra bai bao cling chi ra sy anh hudng ctia ap suat dén
khoi lugng riéng, entanpi va h¢ s6 nhot dong hoc cua nudce bao hoa.

2. Co sé ly thuyét
2.1. Ap suit biio hoa

Cong thirc tinh 4p suit bdo hoa ciia nudc duoc cong bd 1an dau bai Saul va
Wagner [4] sau do dugc stra chita va hoan chinh bo1 Wagner va Pruss [5]:

T,
D, = D,.€Xp {{m}(al.r +a,t” +a,. 0 +a, 7 a1t va )} (bar) (1)

O day:
- P = 220,64 bar: ap suit toi han cta nudc
- Te=647,096 [K]: nhiét d0 to1 han cua nudc
- £=1-(273,15+¢,)/ T, [K]: nhiét d6 quy doi
- a1 =-7,85951783, a; = 1,84408259, a3 = -11,7866497, as = 22,6807411, as = -
15,9618719, as = 1,80122502 1a hang s6 khong d6i.

Cong thuc (1) ¢6 sai sb trong khoang +0,025% so voi két qua thuc nghiém cia Sato
va cong su [1].

2.2. Khéi lwong riéng
Khéi lugng riéng ciia nude bao hoa duge tinh toan theo Wagner va Pruss [5]:
p.=p,(1+b,.2" +b, 77" + b +b, 7" + b7 + b ) (kg /m’) (2)
O day:
- p. =332 kg /m*: khoi lugng riéng t&i han cia nude

- b1 =1,99274064, by = 1,09965342, bs = -0,510839303, bs = -1,75493479, bs =
-45,5170352, bs = -6,74694450.10° 14 nhitng hang s6 khong doi.



Phuong trinh (2) ¢6 sai s tir £0,001% dén +0,003% so v&i két qua thuc nghiém
cua Sato va cong su [1].

Trong dai nhiét do tur 0°C dén 150°C, phuong trinh trén co thé duoc rat gon lai nhu
sau:

p,=a+bt, +ctl +dt2’ +et), (kg/m’) (3)

O day a=999,79684, b = 0,068317355, ¢ = -0,010740248, d = 0,00082140905, ¢ = -
2,3030988.1075 13 nhirng hang sé khong doi. Phuwong trinh (3) ¢6 sai s tir +0,002%
dén +0,004% so Vo1 két qua thyc nghiém cua Sato va cong sy [1].

Tai ap suat cao hon ap suat bao hoa, khoi lugng riéng cia nude co6 thé duoc tinh tonas
theo cong thurc:

pT/p:psI:1+kp(pnc_ps):| (kg/m3) (4)
O day:
- pne 12 &p suét tai thoi diém khao sat (bar)

- ps la ap suat bao hoa (bar)
- kp 12 hé s6 nén cho khéi lugng riéng (1/bar)

Hé sb nén kp dugc Kell [11-6] tim ra, c6 gia tri:

B (a +c.tnc) ’
= {(1 +bit, +dt,) ©®)

O day a=0,007131672, b =0,011230766, ¢ = 5,369263.10%, d = -3,3768472.10"° 1a
hang s6 khong d6i. Phuong trinh (5) c6 gia tri trong dai nhiét do tir 0°C dén 150°C va
ap suat < 25 bar voi sai s6 cong thirc nhé hon 0,2.10°8 (1/bar)

2.3. H@ s6 gian né nhiét

Theo dinh nghia vé hé sé gidn né nhiét ta c6 phuong trinh:

Vi vs 1a thé tich riéng cia nude bao hoa (m?/kg), ta thdy phuong trinh trén c6 lién
quan mat thiét v6i phuong trinh (3), ta xac dinh dug [3]:

pB=a+bt, +ct’+drt. (1 /° C) (6)

O day a = -6,8785895.10°, b = 2,1687942.10°, ¢ = -2,1236686.10°, d =
7,7200882.10° 13 hing s khong doi trong diéu kién nhiét d6 tir 0°C dén 150°C. Véi
nhiét d6 trén 20°C, sai s cua 3 giam tir +0, 5%dén khoang +0,01% khi nhiét do
dat 150°C.



2.4. Thé tich riéng ciia hoi bio hoa
Theo Wagner va Pruss [5], thé tich riéng cta hoi bdo hoa dugc tinh nhu sau:

1 1/3 2/3 4/3 3 37/6 71/6 m3
v‘wz[— exp(cl.r +C,. 777 +C. T +C, T+ e T +Ce.T ) (7)

P. kg
O day c1 =2,03150240, c2 = 2,68302940, c; = 5,38626492, ¢4 = 17,2991605, cs =
44,7586581, cs = 63,9201063 14 hing s6 khong dbi. Sai sé cua phuong trinh (7) so
v6i1 bang thuc nghiém cua Sato va cong su 1la +0,073% v61 ing dung nhiét do tur
0°C dén 150°C.

2.5. Entanpi

Entanpi ciia nudc bdo hoa c6 thé duoc tinh toan theo Wagner va Pruss [5] hodc theo
cong thirc don gian hon cua Kostyrko va Pluciennik [3]:

h =d, +d,t, +d,t. +d,t. +d,t +d,.t. (kJ/kg) (8)

4" nc 5%nc 6 “nc

O day di = -2,844699.102, dy = 4,211925, d5 =-1,017034.103, ds = 1,311054.10°%,
ds = -6,756469.10°%, ds = 1,724481.10°'° 1a hang s6 khong d6i. Phuong trinh (8) ¢
gia tri khi nhiét d6 dao dong tir 0,01°C dén 150°C, sai s6 khong vuot qua +0,057%

Khi ¢ diém 3 thé, ndi nang uy va entrolpy sy cua nudce bang 0, entanpi cua nudce tai

diém 3 thé c6 gia tri:

+ L —0,000611786 (kJ / kg)
Py

h =u

S tr

Trong do:

- pe=611,657 Pa: 4p suit tai diém 3 thé cuia nudc
- pe=999,789 kg/m?: khdi luong riéng ctia nude tai diém 3 thé

Tai ap suat cao hon ap suat bao hoa, entanpi cia nudc dugce xac dinh bang cong
thirc:

hy, =h 1+ k(P —p,)] (K 1kg)  (9)
O day kn 14 hé s6 nén cho entanpi (1/bar), dugc xac dinh boi Kostyrko va Pluciennik
[31]:

k,=a+b.t]'+c.t> (10)

Trong d6 a=-5,832449.105, b= 0,0235696, ¢ = -5,384306.107 12 hing s6 khong ddi.
Phuong trinh (10) c6 gia tri trong khoang nhiét do tir 0°C dén 150°C va &p suat tir 1
dén 25 bar. Sai s6 ctia phuong trinh (9) va (10) 13 +0,24% tai 5°C va +0,08% tai
150°C.



2.6. Nhiét dung riéng ding ap

Cong thirc tinh toan nhiét dung riéng déng ap dugc thé hién nhu sau:
c,,=a+bt, +cT>+dT, +el.” (kJ/kg’C) (11)

Trong d6 a=4,2174356, b =-0,0056181625, ¢ = 0,0012992528, d = -

0,00011535353, ¢ = 4,14964.10° 14 hang s khong d6i. Sai s6 ctia phuong trinh
(11) 1a +0,04% [3]

2.7. An nhiét h6a hoi
An nhiét hoa hoi ctia nude duoc tinh toan v6i phuong trinh:

h, =h,—h, (kJ/kg)

Trong do hsy 1a entanpi ctia hot va hs 1a entanpi cta long.
Cong thure xac dinh an nhiét hoa hoi ctia nudc duge sd hoa nhu sau [3]:

h

Jg
Trong d6 a = 2500,304, b =-2,2521025, ¢ = -0,021465847,d = 3,1750136.10* va e

=-2,8607959.10°5 12 hiang s6 khong ddi. Sai sb ctia phwong trinh (11) so véi bang
thyc nghi¢ém cua Sato va cong sy [1] vao khoang +0,09% .

=a+bt, +ct +d .t +et), (kJ/kg) (12)

2.8. He¢ s din nhiét
Cong thire xac dinh hé s dan nhiét duoc cong bd boi Sengers va Watson [2]:

A =a+bt, +ct?¥+d.t2 +et)? (W/m.°C) (13)

nc nc

O day a = 0,5650285, b = 0,0026363895, ¢ = -0,00012516934, d =-1,5154918.10,
e =-0,0009412945 1 hang s6 khong ddi dé tinh toan cho ving nhiét do tir 0°C dén
150°C.

2.9. Do nhot dong lue hoc

Theo Sengers va Watson [2] cong thirc xac dinh d0 nhot dong luc hoc duogc
xac dinh:

1 kg
_ 14
M= +bt, +c.tl +d.t, [msj (14

O day a = 577,82468, b = 19,408782, ¢ = 0,1360459, d = -3,1160832.10"* 13
hang s6 khong doi dugc xac dinh trong dai nhiét do tir 0°C dén 150°C véi sai s6
khoang +1%. Tai ap suét 16n hon ap suét bdo hoa, do nhot dong lyc hoc ctia nude
c6 thé tinh toan theo Kostyrko va Pluciennik [18-6] nhu sau:

try, =1 [ 14k, (p—p,)] (kg/ms) (15

Trong do k,1a hé s6 nén cho do nhét dong luc hoc
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k, =a+bt, +c.t’ +d.t +etl  (16)

nc

O day a =-0,0001335, b=15,57128.10, ¢ =-6,1077357.10%, d = 3,633062.10"
10 & =-8,179944.10°"3 14 nhitng hing s6 khong d6i cho pham vi nhiét do tir 0°C dén
150°C va ap sudt tir 1 dén 25 bar, sai s so v6i bang thong sb clia Sengers va
Watson [2] khoang +0,018% .

D06 nh6t dong luc hoce cua nude tai 20°C, 1 bar 1a z,,,, =1002.10° kg /m.s

1a gia tri dugc Kestin [3] tim ra, con sb nay dugc coi la gia tri tham chiéu dién hinh.
2.10. Tri s6 Prandtl

Tri s6 Prandtl dugc tinh theo cong thic truyén thong:

_ He,

A

Pr

Su dung cac cong thire tinh z,¢,, 4 & trén ta thiét 1ap duoc phuong trinh tinh toan

cho tri s6 Prandtl:

1
Pr, = 17
' a+bt, +ctl +d.t), 17

O day a =0,074763403, b =0,0029020983, ¢ = 2,8606181.10°, d = -8,1395537.10°®.
Sai s6 ciia phuong trinh (17) vao khoang +2,3%][3]

2.11. Sirc ciing bé mit

Stic ciang bé mat cua nude duge cong bd boi Vargaftik va cong sy [7]:

oc=a+bt, +ct’ +d.t;, (N/m) (18)

o) day a = 0,075652711, b = -0,00013936956, ¢ = -3,0842103.107, d =
2,7588435.10710 ¢6 gia tri trong khoang nhiét do tir 0°C dén 150°C. Sai sb ctia phuong
trinh (18) khoang +0,5%.

3. Két qua va phan tich

Qua 11 thong s6 nhiét vat 1y trinh bay ¢ trén, bai bao thuc hién phan tich sy tac
dong cua nhiét do va ap suét t6i cac thong $6 nay. Hinh 1 thé hién sy tac dong cua
nhiét do dén 4p suét bio hoa, biéu d6 cho thiy ap suit ting tuyén tinh v4i su gia ting
nhiét d6 nhung ap suat tang nhe trong khoang nhiét do tir 0°C dén khoang 100°C, khi
nhiét do 16n hon 100°C ap suit c6 xu hudng ting rat nhanh.



Biéu do nhiet do va ap suat bao hoa

2.0

0 20 40 60 g0 100 120 140
Nhiet do (°C)

Hinh 1: Biéu do thé hién su tdc dong cua nhiét do dén ap sudt béo hoa

Hinh 2 cho théy su tdc dong cua nhiét do dén khéi lugng riéng cua nudc bao
hoa, nhin chung khoi lugng riéng giam khi nhiét 6 ting nhung khi xét trong khoang
nhiét d6 nho hon tir 0°C dén 15°C nhu biéu dién trén hinh 3 ta thay rang tir 0°C dén
3,8°C khdi luong riéng tang va dat dinh tai 3,8°C sau d6 giam dan khi nhiét do tang
dan.

Biéu do nhi€t do va kho1 luong riéng
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Hinh 2: Biéu do thé hién su anh hwong cua nhiét do dén khoi luwong riéng



Bieu do nhiet do va khoi luvong riéng
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Hinh 3: Biéu do thé hién s anh hwong cua nhiét do dén khoi lwong riéng (Nhiét do
tir 0°C dén 15°C)

Su tdc dong cua nhi¢t do va ap suét dén khdi lugng riéng dugc mo ta trén biéu
d6 hinh 4 trong khoang nhiét d6 khao sat tir 0°C dén 15°C va & 7 mirc ap sudt: ap sut
bdo hoa, 1 bar, 5 bar, 10 bar, 15 bar, 20 bar va 25 bar. Két qua cho thay 4p suit cang
tang khdi luong riéng cang 16n va & bat ky murc ap suat khao sat nao, khéi luong riéng
déu gia tang tir 0°C va dat dinh tai 3,86°C sau d6 giam dan khi nhiét do ting dan.

Bieu do nhiet do, ap suat va khoi Iuwong riéng
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Hinh 4: Biéu do thé hién su anh hwong cua nhiét do va ap sudt den khoi lwong
riéng (Nhiét dg tir 0°C dén 15°C)
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Anh huong cua nhi¢t do dén hé sd gian nd nhiét duoc thé hién trén hinh 5,
biéu do cho thay h¢ s6 gidn nd nhiét tang khi nhiét dJ tang.

Biéu do nhiét do6 va hé so gian no nhiét
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Hinh 5: Biéu do thé hién su anh hwong cua nhiét do dén hé so gian no nhiét

Anh hudng cia nhi¢t do dén thé tich riéng cua hoi nudc dugc thé hién trén hinh
6, nhin chung thé tich riéng cua hoi nudc gidm khi nhiét @6 tang, gidm manh khi nhiét
do tang tir 0°C dén 35°C sau d6 gidm chdm dan tir nhi¢t o 35°C dén 150°C.

Biéu d6 nhiét do va thé tich riéng cua ho1 nuwdc
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Hinh 6: Biéu do thé hién sy anh huong cua nhiét do dén thé tich riéng cua hoi nuoc

Hinh 7 thé hién mdi lién quan giita nhiét do va entanpi, entanpi c6 xu hudng
tang dan déu khi nhiét do tang.



Biéu do nhiét d6 va entanpi
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Hinh 7: Biéu do thé hién s anh hwong cua nhiét do dén entanpi

Hinh 8 thé hién sy anh huong cua ap suét va nhiét d6 dén do chénh entanpi
gitra ¢ ap suat khao sat va ap suat bao hoa (n).

_h—h

3, =100 (%)

S

Véi h 12 entanpi ¢ ap sudt khao sat. O ddy ta khao sat & 6 muc ap suat: 1 bar, 5
bar, 10 bar, 20 bar, 40 bar, 60 bar; hs 1a entanpi ¢ ap suat bio hoa theo nhiét do,
nhiét d6 khao sat tir 20°C dén 150°C.

Tur biéu do hinh 8 ta thay rang, & nhiét &6 nhé hon 60°C, nhin chung vdi bat ky
ap suat khao sat nao déu c6 do chénh entanpi, nhung & ap suat nhé hon 5 bar d6 chénh
entapi twong d6i nho, 16n nhat khoang 0,56%, khi 4p suat cang hon, d6 chénh entanpi
cang cao, & ap suat khao sat 60 bar, dd chénh c6 thé dat téi 6,6% va con 16n hon nita
néu xét & nhiét dé nhoé hon 20°C. O ving nhiét d6 16n hon 60°C su anh huong cia
nhiét 46 va ap suat 1a khong nhiéu dén .
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Biéu do6 ap suat, nhiét do va oh
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Hinh 8: Biéu do thé hién sy tac dong cua nhiét do, ap sudt dén on
Biéu dd nhiét do va nhiét dung riéng déng ap
432
43
428
426
424
422

4.2

Nhiét dung riéng ding ap (kJ/kg°C)

0 20 40 60 80 100 120 140 160

Nhiét dé (°C)

Hinh 9: Biéu do thé hién sw dnh huwong cia nhiét dé dén nhiét dung riéng dang dp

Nhin biéu d6 hinh 9, ta thiy nhiét dung riéng dang ap c6 xu hudéng giam dan
theo nhiét 6 va dat gia tri nho nhét tai 35°C sau d6 ting dan theo nhiét do. Biéu do
hinh 10 thé nhiét sy anh huéng ctia nhiét d téi an nhiét hoéa hoi, nhiét do cang ting,
an nhiét hoa hoi cang giam.
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Biéu do nhiét do va an nhiét hoa hoi
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Hinh 10: Biéu do thé hién su anh hwong cua nhiét do dén an nhiét héa hoi

Biéu do nhiét do va hé so dan nhiét
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Hinh 11: Biéu do thé hién sw anh hwdng ciia nhiét dj téi hé sé dan nhiét

Biéu d6 hinh 11 thé hién sy tac dong cua nhiét d6 t6i hé sé din nhiét cua nudce
bao hoa, két qua cho thay hé s6 dan nhiét tang khi nhiét d6 ting, hé s6 din nhiét tang
nhanh dan déu khi nhiét d6 tang tir 0°C dén 70°C va tang nhe dan cho dén khi dat gia
tri 1on nhéat & 135°C sau d6 giam nhé ¢ nhiét d6 16n hon 135°C.
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Hinh 12: Biéu do thé hién su anh hwong cua nhiét do toi do nhot dong luc hoc

Biéu d6 hinh 12 thé hién su anh hudng ctia nhiét d6 t6i do nhét dong luc hoc,
biéu d6 cho thdy d6 nhdt dong luc hoc giam manh khi nhiét do ting tir 0°C dén 60°C
sau d6 giam cham dan déu dén 150°C.
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Hinh 13: Biéu do thé hién su tdc dong ciia nhiét @, dp sudt dén Sy
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Hinh 13 thé hién su anh huong cua ap suét va nhiét do dén do chénh do nhét
dong luc hoc gitra & ap suat khao sat va ap suat bao hoa (5y).
s =27 100 (%)

7
A

Véi p 1 d6 nhot dong luc hoc & 4p suét khao sat. O day ta khao sat & 6 mirc ap
suét: 1 bar, 5 bar, 10 bar, 20 bar, 40 bar, 60 bar; Us 1a d6 nhét dong luc hoc ¢ ap suét
béo hoa theo nhiét do, nhiét do khao sat tir 0°C dén 150°C. Biéu db hinh 13 cho thay,
ap sudt cang 16n 3, cang 16n. Néu ap suat khao sat nho hon 10 bar, 5, khong vuot qua
+0,2%.

Biéu d6 hinh 14 va hinh 15 lan lugt thé hién sy anh hudng cua nhiét do dén tri
s6 Prandtl va suc cang bé mat. Tri sd Prandtl gidm manh khi nhiét do tang tir 0°C dén
40°C sau d6 giam dan déu khi nhiét do ting dan dén 150°C. Strc cing bé mit giam
dan déu khi nhiét do ting dan déu.

Biéu do6 nhiét do va tri s6 Prandtl
16
14

12

10

Tri s6 Prandtl
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Nhiét d6 (°C)
Hinh 14: Biéu do thé hién sw anh hwong cua nhiét do dén tri sé Prandle

Bicu do6 nhiét do va strc cang bé mat
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Hinh 15: Biéu do thé hién sw dnh huwong ciia nhiét do dén sitc cing bé mdt
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