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Prediction methods for two-phase flow frictional pressure drop of FC-72 in parallel

micro-channels
Yong-Seok Choi® - Tae-Woo Lim' - Sam-Sang You?
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Abstract: In this study, an experimental study was performed to predict the two-phase frictional pressure drop
of FC-72 in parallel micro-channels. The parallel micro-channels consist of 15 channels with depth 0.2 mm,
width 0.45 mm and length 60 mm. And tests were performed in the ranges of mass fluxes from 152.2 to
584.2 kg/m’s and heat fluxes from 7.5 to 28.3 kI¥/m?. The experimental data was compared and analyzed
with existing correlations to predict the pressure drop. The existing methods to predict the pressure drop used
the homogeneous model and the separated model. In this study, the new correlation was proposed by modi-
fied existing correlation using the separated model, and the new correlation predicted consequently with the
experimental data within MAE of 9.6%.
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Figure 1: Schematic of experimental setup

Figure 2= AlEH-5 e, nlo]a 2 2]
Zlol9F & Z+ZF 0.2 mm, 045 mmolH, JiFE
15702 AT Ade] F4ol= 60 mmeolH,

ot ZA 7R 40 mmolt), mlo]l AR A de] )
= T3] siels AESH7E FAEol AR A
A TH GAE T AT dFS T @
oh. AF A9 T FAE 0-50ve} 0~3A9] A
I A7 M WA =dEH, I3 °17}E]
= A ARE SAsE] ATl AaE e
Fe A doh sda dE5E *}0101]
T-type EA0 /s At 225 A3,
AELE A A8 s BESIH sHel
= GEAE AAsITh g s3] el A
oMo fres A4 #EE F dxs SR
vlo]ER A#bgk Fg AWE FAsiinh g
FHEUO|E AW yiels ZF AdR dde
% Rl 9% My Eut 2480
Differential pressure r outiet
‘\ Copper heat sink
W\ Film heater

\
WA

.\-__...I
'\\\ \ I.'q— Polycarbonate
LAY
\\'\.n‘li—hsulating layer

| —— Polycarbonate

Figure 2: Test section

N
NS
=
oQt

T
It

822



1‘
)

ool

ol
e

He wpo]a R APl FC-729 24 frs wHE 4E B

u

AHE A A37] Aol oF 1AZF <t Al=" L= oy el ofal 4 (3)3 ol ALt
o] AEEAS I OEA oE7)SF AR il av 7| FES YERY, 7] FES Zivi[g] &
23 HEZ 38 FeHAZS 71t Ao WA S AREske] A (4)3 ol Altakitt
2 7}2A7 (degassing) 2QS A

AEgA = flel s 45, B el _hi[.i—cp(nat Tm)] )
A AERAL] fEke 7.7-294 mifmin ©]H, o] ot
A4 1522-584.2 kg/misoll S2ae), AR A71A by, TS JEE, g 8EA
A4 7.5-28.3 kWim?o]H, ol o] -2} g o Al dgE 92S Jepd,
df&oAe E71% He= 0~0.890]t}

AEfAel g7 LR Type SAUE A ez (\5]

&ate] SAslon, et AAE AR o= |1+ — 71) (4)
sto S35t AEelA S8 #ES dolE

3 #x|(Data  Acquisition Equipment; Ao A dojxl F dEAdstlA A7 AES
YOKOGAWA, GP-10)Z o]&3lo] =3 #4313 o|&ate] 24 fF vk o4 AstE ALttt
ot S4E g5 ESAHAAS Y gEAee YRkA o0 2 Thro| gt ofe sk whE oy
A9 2t & A Lol £3%, +0.25%0] T} HE3 Zstel vste] 22 ks 7iHH, Ad g F
25 FA49 EFAAL +03CoH, a5 & 4 A3t AEsHA dS5st7] flek v
23|gd 7te Aty AFE Axksiglon, o g FatE dSshe 3lo] AFA ol

o] B3-S 2-4%2] WHelol ATH3]. AsH 32 24 S o1 Ztat Do

A FC-729] BEAAE AZAF 3MARN A AllF

2.1 #Z& =2 H(Homogeneous model)
dd wae F Ao 2 £

4 mge e &Rz

2 A% 9 w2 AUtz g, 5 24 #5744 22

BAAE AT W fAe FEoR AT

31 9t Zts} o S o] &9k v b Ak 4 (5)= o
FRlel 24 fEolA F oo Fate 4 HE T AT

dz D,
e o |
dz total dz f dz acc
frp= Re for Re <2000
TP
() ot () = 2ot vhar el Aeiot 2
' Fap= 00792 for Re > 2000
FrE Al 7EERAl ol obe AetE yEhith 7k
oA elg qEFs= o 8 AHeste] AlEsl - GD, (5)
€ rp—
oH71 T e
—1
dp) o d | T (1—2)? _|z 1—1’)
(dz ace dz | ap, (1—a)p 2) ", P
714 B vk 1 A7k 7)1t g o MTP:(1+ 1—r)”
ngth G AEAE, o v %S vERe, 1 v M

Gautd A yol g a3 A Al 389 Al 7%(2014. 9) 823



o714 HA TPE 24 fES 8k, D&
FEAAS ety 2 ATlA AEE g
22742 0.277 mmo]t},

322 =2|F ZE!(Separated flow model)

225 e Lockhart and Martinelli[9]oll <] 3}
Aorso] FANAE £ AFREH L o, FA
Rad) g BT 7S wElEA 2 ALt

R

A}
(ol B A o7 JERYH, 1

) _ ofdp

( Z)f_¢l(dz)z

dp) . 26'2(1—17)2

— | =f— 6
( 2/ Ji Dyp, ©)
¢f:1+70(+ 12

Lockhart and Martinelli= W<~ CE A3} 74
o] el wE AR Aot A 7
A EF URY 9o caks 20, B TRY W
S W R el = 12 2gal i

N Sl 713l A= 1082 Aljte)

dp
)
%)
dz ], (7)

( dp ) _; 26"
dZ v ! dp’u

Mishima and Hibiki= #2749 J3S 3123}
WMz CE 2 (8)F ol Altsigit

—

p
p

32

C=21(1—¢0319) (8)

Hwang and Kim2 27 0.244-0.792 mme] w}o]
A= FHAA R-1345 ZEHAZ ASsE] AE
skgitt. 2 23} Mishima and Hibiki$} #FzH714] &2

o] vhol a2 AWe] fEelA Fas o

=]

Gautd A yol g a3 A Al 389 Al 7%(2014. 9)

& AL AR ugtov], ER Re 5 A F
3 A

Feldz mastel 4 @ v Auas A

C= 0.227R62;452Xf0,321\70.82

con f
T 9
~Valo—»,)
anf - Dh,

SHHA} lo= AA frFe]l A frEFoleta 7+
gohe A 9ngih

Li and WU[10][11] &A] = F(Bd)¢} Hols=
F7F whelA R Aol HE e Avste

F8 FAYFRE Basgith 2 e xWdy
of tigh AA e nj= Agojun, o] FHA%
o] FolgW NS 7x= 4L, 1
o] At fres Awiste Fa Qo] dArkar Bt
Aok B AN dHolex , E= Y
F(We)E ©]-83F4 Hwang and Kim J34S o5
I} 3ol FA 3T
— 0.49 v—0.49 .71 —0.35
C=031Re) O X "B We,, "%
2
By (P P)9D;
o (10)
D,G?
€l = po
33 ZuEA
80,
L 3 ,Q éolr;:,%:of;o“; "
E 60} R O . S T
g 0®2% 282" Joim ma LY
=, I PR L . o8 o %
= 50 s g ® oo
¥ a0t
g 40 %af*‘fr:” b o8 #ong,

5o 200 250 300 350 400 450 500 550 600
Massflux [kg;'mzs]

Figure 3: Pressure drop with respect to mass flux
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Table 1: Mean absolute error

Correlation MAE (%)
Homogenous model 37.6
Lockhart and Martinelli 189.5
Mishima and Hibiki 255
Hwang and Kim 115
Modified Hwang and Kim 9.6
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Figure 5: Comparison of experimental and
predicted two-phase frictional multiplier
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