W.O. Miller Convection Coefficient for Two Phase Flow with C3F8 at -25C LBNL-ATLAS
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Solve for convective film coefficient using: Principles of Heat Transfer by Kreith
-3 -6
kJ := 1000J mbar := 10 “bar pPa:=10 Pa
T; = (273.15- 25)K T;=248.15K  p, :=10.28uPa-s Wiig = 267.5uPa:s
: — kg — kg
Cliq = 1019+ Pliq = 1565 — py =1639—
m m
ky = 0.00Qﬂ Klig == 0.053£ o :=.014— surface tension at 247K
m-K q m-K m
kJ kJ kJ
hjiq = 173.7— hy = 275.6 — Ah = hy, = hy; Ah =1019-—  X:= Ah
q k kg q kg
Q = 240W L1 :=2m
-3k
X; = 0.05 Xo = 0.85 mdot=— 2 mdot = 2,044 x 10 >
(Xo - xi)-x s
Tube dimensions t:=.012in wall thickness
dg = 4.9mm dj:=dg-2t Ag = Z-di round tube
Dp, = d; Dy, = 4.29-mm Ap=Ag Pc =Dy, L1 =2m
mdot k
61 .= M4 Gl = 203.63979
At m2.s
= 240W h = 8.903 x 103-ﬂ Teqt = T; Teqt = 248.15K fluid saturation
flux flux sat i sat
PeL1 m2 temperature
W . . .
K,y := 200—— aluminum tube wall for Tgg; = 238K the saturation pressure is 1.67bar
w m-K
Hig Cl
P:=167lbar P =1671x10 Pa Prlig = —— Prliq = 5143
Kiig
kqu -8 m2
QUjg = ———— Qg = 3.323x10 — thermal diffusivity
Plig Cliq
Condition for nucleate boiling to occur
0.5
8-0-Nejyx Tsat . o .
ATp=|——7 AT, = 1672K any differential film temp above this
X pyKiig
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Reference: Kreith 3 really method by Chen
i==0.6 X=|5 this a linear change flow quality along the tube length
6
N
.85
0.498
0.976
0.9 0.5 0.1 3.29
) X Plig My
Xttinverse; = - P N Xttinverse = | 7-094
i 1-Xj Py Hlig
10.161
15.122
33.607
1.829
2.67
5.913
Fttj := 2'35'(xttinverse- + 0.213)0'736 Ftt = | 10.116
|
13.146
17.528
convective cooling 621.748
31.372 869.2
0.8
G1-(1-xi)-Dy, 0.4 Kiig 1574.413
-— 0.023- P -Ftt; w
hCi :=0.023 g P lig Fttj he = | 2057.898 —
2236.976 | M K
2369.489
2435.767

h. is the cooling from forced convection. The next step is to calculate the cooling from
evaporation.

Solving for evaporation requires assuming a temperature difference between the tube wall and the
saturation temperature of the fluid. After calculating this contribution we can solve for this temperature
difference through the combination of both cooling mechanisms. If the end result agrees with the
assumption, the process stops otherwise the process is repeated with a new assumed ATgg;

G1l-(1-x)-D B
Retp. = ( ) h-(Ftti)l'25~1O 4 needed to calculate Sy
' Hiq
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0.66 0.993
1.003 0.989
2.108 0.976
114] 91 .
Retp = (2946 |  Sttj:= [1 + 0.12~(Re-|—p_) } Stt = | 0.966 | essentially constant over
1
397 0.963 the tube length
3514 0.96
3.637 0.959

For the assumed AT g4 (wall temp-fluid saturation temp) we calculate the value of APgg for C3F8. This

value is the change in saturation pressure corresponding to the change in fluid temperature. At -25C the
change in saturation pressure per degree C is 6800Pa, or for 5C ATg4;, the change is 34000Pa

ATgy = 52K temperature difference between wall and fluid, assumed to start the process.

) Pa pressure difference for temperature
Apgat = ATsat'ﬁsoof Apggy = 353.6-mbar difference

79 4 0.49

5
"Plig 0.24 0.75
2 ATgat "Apggt  -Stto Chen

0.24 0.2
PN Py

0. 0.
Kiig Cliq

0.5 0.29
.Mliq .

hy, := .00122.
0 (ep

w w
hy, = 1114744 —— ho = hy, + N, ho = 1736 x 10> ——
0 m -K 0 0 m K

hqux
Atbo = ho

Atbo =5.127K AT assumed was 5.2C

For the next quality 0.1

Alsat= 475K temperature difference between wall and fluid, assumed to start the process.

Pa pressure difference for temperature
& Psat, = ATsat'ﬁsoof Apgat = 323-mbar difference
K 0.79 c 0.45 0 0.49
lig  ““ig Plig 0.24 0.75
h, :=.00122. AT A -Stt Chen
by 05 029 024 024a|° ' sat Psat 1
Mg N Py
w W
hp, = 1014.96 —— h = hy + N, h1 = 1884 10" ——
1 m K 1 1 m -K
hqux
Atbl = - Atbl = 4,725K AT assumed was 4.75C
1
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For the next quality 0.3
Alsat= 3.75K temperature difference between wall and fluid, assumed to start the process.

Pa pressure difference for temperature
Psat = ATsat'ﬁsoof Apggq = 255-mbar difference

0.45 0.49

(070 045 0.

liq  Clig  Plig 0.24 0.75

05 029,024 024 ‘ATsat  APggr  -St2 Chen
Wig Ny

hy, = 00122

w w
hp, = 792507 —— hy = hy, + N, hy = 2.367x 10" ——
2 m -K 2 2 m K

B hqux
= -

Atb2 : Atb2 = 3.761K AT assumed was 3.75C

For the next quality 0.5

Alsat= 3.25K  temperature difference between wall and fluid, assumed to start the process.

Pa pressure difference for temperature
& Psat, = ATsat'ﬁsoof Apgat = 221-mbar difference
K 0.79 c 0.45 0 0.49
lig  ““ig Plig 0.24 0.75
h, :=.00122. AT A -Stt Chen
bs 05 029 024 024a|° ' sat Psat 3
O' .Mliq .>\ .pv
w W
hp, = 681183 —— hg = hy,_ + N, hg = 2739 10" ——
3 m K 3 3 m -K
hqux
Atb = Atb = 3.25K AT assumed was 3.25C
3 h3 3
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For the next quality 0.6
Alsari= 3.07K  temperature difference between wall and fluid, assumed to start the process.

) Pa pressure difference for temperature
Psat = ATsat'ﬁsoof Apgyq = 208.76-mbar difference
K 0.79 c 0.45 0 0.49
lig "“lig Plig 0.24 0.75
AT A -Stt
05 029,024 024" st Psat 4
Wig NPy

hy :=.00122-
by

w 3 W
hy, = 6415—— hg = by, +hg, hg = 2.878x 10° ——

m K m -K

B hqux

Atb4 : ha

Atb4 = 3.093K AT assumed was 3.07C

For the next quality 0.7

Alsat= 297K temperature difference between wall and fluid, assumed to start the process.

Pa pressure difference for temperature
MPsat = ATsat'ﬁsoof Apggg = 201.96-mbar difference

K 0.79 c 0.45 0 0.49
lig  Clig Pli . :
q q q | AT 0% Ap 075 sts

0.5 0.29 >\0.24 0.2
Mg Ny

hy_ = .00122-
b

w w
hp, = 619155 —— hs = hy,_+ N, hs = 2.989 x 10— —
S m~-K S S m-K

Pflux
hs
For the next quality 0.85

Atb5 = Atb5 = 2.979K AT assumed was 2.97C

Alsat= 2.92K temperature difference between wall and fluid, assumed to start the process.

Pa pressure difference for temperature
MPsat = ATsat'ﬁsoof Apgy; = 198.56-mbar difference
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K 0.79 0.45 0.49
lig “Clig Plig
'ATsat
0.5 0.29 . 0.24 0.24
o Mg N Py

h = 00122 024 Apgy "> sttg

W W
Py, = 608.024—— he = h, -+ N, hg = 3,044 x 10—
6 m K 6 6 m K
hqux
Atb = Atb = 2.925K AT assumed was 2.92C
6 hg 6
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