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An Experimental Study of Flow Boiling in Water Flow

through Minichannels @ Effect of Pressure

Aun-FEur Hong

Department of Refrigeration & Air-Conditioning
Engineering

Graduate School, Korea Maritime University

Abstract

Flow boiling heat transfer and pressure drop of water In a
minichannel has been experimentally studied to investigate the effect
of pressure. The results of experiments were compared with selected
existing correlations. The experimental apparatus consists mainly of
gear pump, flowmeter, pre-—heater, pressurizer, condenser, and
evaporator for control of water quality at the inlet of test section.
The test section is a round minichannel of 1.73 mm inside diameter,
made of 316 stainless steel. And the test section tube is heated by a
direct DC current through the tube. The ranges of the major
experimental parameters in this study are 100 kg/mZS of mass flux,
30~70 kW/m” of heat flux and 0.0~0.3 of inlet vapor quality. The
experimental result showed that the flow boiling heat transfer
coefficients in a minichannel are in the range of 3~25 kW/m°K and
they were affected by pressure and local mass quality while
independent of heat flux. Flow boiling pressure drop was also

affected by pressure.
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Table 2.1 Summery of past work on flow boiling in minichannels

Dy . G q” Tubes/
Authors | (| FlWd | ) | (r/m? | L (mm) Remarks
Iy v Gt e x3}
H T4 d o ddgA
y FE AREY 9Fe
Lazarek Copper wow Ty wEAbE A
& Black 3.1 |R-113| 125~750 | 14~ 380 / A=7 F7kskel we
=243 F7tetd Ede
(1982) 126 | 2A° S7ksd dx
A7t Z3 v G EA
v Az F#sA 4o
5t
Wamb Stainless| Lazarek & Black(1982)
ambsganss 682 | Sea | O AT A3k AR
et al. 292 | R-113 | 50~300 A Zeo A e o Fu 5 H
90.75 /  oap) = o] &} o3 &
(1993) = = f—% ]o‘oﬂ o g 93
430 ol ¥ #@A NS
AAGAFE AfEol
Hgg Wol wow A
Round & o wEtMe= Ao W
34 . #HYH gd=
rect. = =
Tran et al. | 2.46 AT
R-12 | 44~832 |3.6~129| Brass vty AL we dF9
(1996) | 2.4 ;| Fel FEsE gl
PFA Y, ojrnt} Fue
900 | Afxe JPe W
dulgol Frae A
gol 94
Stainless| aln|So] Fo dAY
Kureta et al.| 2.0 Up to Steel REoH, V& A4 4
Water | 100~170 TFAEY Ao w#n)
(1998) 6.0 33000 / o ARAL FEA
40~680 | A5
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Table 2.1 (Cont.) Summery of past work on flow boiling in minichannels

Dy . G q” Tubes/
Authors |y | Tl (/) | (/m? | L (mm) Remarks
Lazarek & Black(1982)
o Ao} dXFFE R
of Fed, ddg AT}
R-11 Copper | &9¥ 9ol A 4¢3
Bao et al. =70l 3 F 3} o] o of X
1.95 | HCFC |50~1800| 5~200 |  / . t,]T i‘” - 7]
(2000) o 4, ddEAs
-123 306 7F dREY 9FgSs wol
we o]AF}= Wambs
ganss(1993)2] Ao} o
A 4
T2 3
Lin et al. 300 ~ 10 $§ o) A% =7}
L1 | R141b / H;Loj N " }L ]
(2001) 2000 | 1150 wet G AT A
500
Brass
) dAgAFE g+ 3
Choo & Aluminum vol Agsw. Ao
Bang 1.67 | R-22 600 5~30 Copper deke WA g, A
A0 ] & o ol &k
(2004) / o] W3zl ofgo] A
Hlj A 9]
300
Dol =i uwz
Cortina Di Wat Inconel | dxg Heo] 10% A%
ortina Diaz 04 ater 600 FHYL woly, LaL
et al. Hydroc | 25~350 | 20~350 7 5TCd  AfERYG
0.7 / o] AL o AT =
(2000) arbon 0 C Rl o Toﬂ E”ﬂ = [s)
500 gol ot & Aow
R
Stainless| #HTe°l F8& dHAG
Huo et al. | 2.01 oo A%l Z7}o
R-134a | 100~500 [ 13~150 |/ ]j A }1
(2004) 426 e dAdg AFEs 7
500 A5}
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Table 2.1 (Cont.) Summery of past work on flow boiling in small-diameter tubes

gEEd #d A

Dy . G q” Tubes/ )
Authors | T (ee/m?6) | (/m? | L (mm) Remarks

o B i) A
Aol we} dAg A57)
Z7Fgvtn B skl o,
944 30 kW/m'Ss A
Wang & Stainless| B o2 AAste &
A ol MeE HIFFSH
Chen 1.3 R134a | 310~860| 21~50 / 3 Amst Zsbsrel
(2005) 720 | & EdD AF gA A
Fota, HEA o] oA
= gxg Agrr AW
ST FRAH, A
To] Frboupe} Fad
A3 dolgEs EdU=
vy aido Ao &
. Stainless | 2] - o Z39a, A3
Choi & o =o] A AT N
15 / ‘_?-X]—E—.,] O f "IJ’} ]
Parmitran R-410A|300~600| 10~40 o, A3t Lockhart
(2006) 3.0 1500, | & Martinelli(1949)¢] 4
3000 AL wroz 24

5

=

Ho
~
2,

ey

& ANE
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Table 2.2 Flow boiling heat transfer correlations for minichannels

Author Correlation
Gungor & 0.86 PR B
Jr = é,[ 1+300056 + 1.12( 75 ( pg) ]
Winterton
- 0.8 1 0.4
(1987) | 4,=0.023 (-G UL=0d\ " Carlls) = A
11/ /é/ d’
Wambsganss
p\ 04
& Tran /= (8.4 <10°)(55" We,)“( p/)
(1996)
é]‘P,/VBp = 0.6683 60_0.2 (1_/1/) 0.8 fz( F?’LO) éLO
Kandlikar +1058.0 Bo" " (1= F 2 40
(2003)

ﬁ]‘gcgp = 1.136 6070.9 (1_/1/’) 0.8 f2( Frlo) ﬁLO

+667.2 BT A=2 " F ol 0
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Table 2.3 Two-phase pressure drop correlations for minichannels

Author Correlation
2 C 1
¢f =1+ 7+ ?
v (1 _x)(),gm(ﬁijo.f)(u )0‘125
x Pr Hyq
Lockhart &
Martinelli o
Liquid gas C
(1949)
turbulent - turbulent(tt) 20
viscous - turbulent(vt) 12
turbulent - viscous (tv) 10
viscous — viscous (vv) 5
¢ =14+ @30 — 1[N, "5 (1 — 2)*54 217
(#)
Tran et al. P2 dz ),
(2000) (ﬂl)
dz ),
[ o 0.5
_Lglps—p )W
anf f 5 g
d)? — X—1.9
Yu et al.
0.5 1.0.1
(2002) X— 18_65(1—_x) Py Ly
T Pr Re?;‘r’
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Fig. 2.1 Heat transfer coefficient as a function of vapor quality

(Lazarek et al., 1982)
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Fig. 2.2 Heat transfer coefficients at constant heat flux

(Wambsganss, 1993)

_25_



Nu 14

1000 ¢

100 B £000

L = 360mm
Tn=20°C
{ Vertical |

PR | PR 1 A .

0.4 0.5 06

Fig 2.3 Nu vs. quality (Kureta et al., 1998)
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Fig 2.4 Heat transfer coefficient vs. quality

(Bao et al., 2000)
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Fig 2.5 Heat transfer coefficient v.s. quality

(Lin et al., 2001)
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Fig. 2.7 Heat transfer coefficient v.s. quality (Cortina et al., 2004)
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Table 3.1 Major components of experimental apparatus

T4 7171 4= HAA2=(C) | AN Y= (bar) =9
Gear pump | #x4 93 345
Flow meter | %34 165 94 4~20 mA
Pre-heater X g3 H 300 100
254 ¥
Pressurizer 200 100
R
DRt
Evaporator Ui ? = 250 20
=4
Differential Al H
pressure U= 120 140 4~20 mA
transmitter A=A
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Table 3.2 Dimensions of the test tube

T LI
Tube material 316 SS
Inside diameter 1.73 mm

Outside diameter 3.175 mm
Thickness 0.72 mm
Tube length 300 mm

Table 3.3 Measurement error

% Hdl oAt
T 0.75 %
AT 1.26 %
P + 05 %
DP 0.2 %
m + 0.25 %
h 421 %
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Evaporator Test Section

66660

Preheater [I - L z ¥ '

DC Power Supply
Condenser %
@ Pump

(IR
9‘*‘_% )
E="

i Flow Meter

1=

Fig. 3.1 Schematic diagram of experimental apparatus

Fig. 3.2 Photograph of experimental apparatus
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Fig. 3.3 Numerical analysis of the axial conduction

on the 316 SS tube wall

Fig. 3.4 Photograph of magnetic gear pump
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Fig. 3.5 Photograph of flow meter

Fig. 3.6 Photograph of evaporator
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Fig. 3.7 Schematic diagram of evaporator
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Fig. 3.8 Schematic diagram of test section
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Fig. 3.10 Photograph of test tube
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Fig. 3.11 Photograph of Power supply

Fig. 3.12 Photograph of pressure drop transmitter
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Fig. 3.13 Schematic diagram of thermocouple position

Fig. 3.14 Photograph of thermocouple attachment work
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Fig. 3.15 Photograph of constant temp. bath

Fig. 3.16 Photograph of Pressurizer
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Fig. 3.17 Photograph of Data acquisition system

®  Average Temp for 5 min
Average error 0.08 °C
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~ 25.5 - M -

Temp

25.0 1

24.5

24.0 T T T T T T T T T
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Thermocouple Position

Fig. 3.18 Average error of thermocouple on the wall
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Mass Flow Rate Error (%)
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Fig. 3.19 Mass flow rate error V.S. Time
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Fig. 4.2 Friction factor V.S. Re number
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Fig. 4.3 Effect of heat flux and mass quality on heat transfer

coefficient
20000 G = 100 kg/m’s
7 q"=30 kW/m’s
= p=1 bar
25000 -] . ® ® P =18bar
[ ]
a
20000 4 -
u
—~ [ ]
4 u
E 15000
s
[ ° °
< 100004 4 R
n
| |
5000 4
[ ]
- ° -
[ ]
0 T T T T T T T T T T T .' .l

— .
000 005 010 015 020 025 030 035 040
Quality (x)
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Fig. 4.6 Comparison of experimental data with previous

correlation (18 bar)
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Fig. 4.7 Effect of operating pressure on pressure drop
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Fig. 4.8 Comparison of experimental data with previous

correlation (1 bar)
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