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An Experimental Study on Pressure Drop of Boiling Flow
within Horizontal Rectangular Channels with Small Heights

Han Ju Lee and Sang Yong Lee

Key Words :  Two-Phase Flow (2 % {+%), Horizontal Rectangular Channel with Small Height (7] Al %
¥ AMZt {+Z), Frictional Pressure Drop (WF2 3 7}3}), Two-Phase Frictional Multi-
plier 2 4 H% vl&&Avl<4), Flow Boiling (% H] %)

Abstract

Pressure drops were measured for the flow boiling process within horizo ntal rectangular channels. The gap
between the upper and the lower plates of each channel ranges from 0.4 to 2mm while the channel width
being fixed to 20mm. Refrigerant 113 was used as the test fluid. The mass flux ranges from 50 to 200kg/m s
and the channel walls were uniformly heated up to 15kW/m?. The quality range covers from 0.15 to 0.75. The
present experimental conditions coincide with the operating conditions of compact heat exchangers in which
the liquid and gas flows are laminar and turbulent, re spectively. The measured results were well represented
by the two-phase frictional multiplier of Lee and Lee (2001) which has been developed for air -water two-
phase flows within the deviation of +20%.

q cddrI AERE FEHE 9FW)
7124¥ T . 2 E(°C)
AR RREYH(=REEolfRE) v AR R
X LA
<p : HE W/kgK) ¥ . uhe] 9] (Martinelli) ¥ =
Dy REABE : FF WY B
fo eEAs
g : FEIEE(mY) 2| ARR}
G AR S (kg/m’s) a :713)%: .
i : UL Ukg) ¢ : Z}’Qt’é”?'r
J CBET) SE(ms) 1z : fE(Ns/m3)
L ;2 F Abel e} A el(m) P » = (kg/m’)
: & (Pa) c : BHZE(N/m)
" gaAsried 71AT y fﬂjgx': ) }g_ 45 dHEYE AR = sl 4B
P AJARL Y, FFHErED AT r 4% qaEga 4 4; ; n}; }‘;;

E-mail: e_hyunny@cais.kaist.ac.kr
TEL: (042) 869-3026 FAX: (042) 869-8207 G 27 ]}2}




1220 ol & F .o 4 &

L DA ot 22y olAA niA fRAM e g E
Lo R ERAE JAFEoR HHUE of g AFe Bol o]FoH A P} 53
4% e Hlgo] utd B¢ A3t g #xd 4
pre = T ZAA= 53] v Aoy,

test CAER A f2ef A9 2 4 5 4EAsts Add
TP 2N 714 7ES] AT AAEE Table 1 o HsGich &g
E% B A Co]herm)«] AY Af2RHE 93
1. M & 2ol e B4 dEAs Vel AnE Suw
W=

°ﬂE H4E88 F ASFE & F AUvh Lee 9 Lee®™
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ok olHE HA FEE dA 23y %ﬂﬂﬂ«] A 2348 A 2EE & IS¢ 2o
BoHAFA AHEH I glov, f2 2717 2hobd 2 A7 e mAl A 2ol thato] Lee o
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Table 1 The state-of-the-art on two-phase flow pressure drop in small channels

T .
Authors Geometry” , Onen_t Fluid Remarks
mm (or mm’) ation
Adiabatic two-phase flow
-Gy
aticta® |1 H | AivWater | fpp = | 220100
(1.465, 0.778)x80 pr(l-a)
Lowr}./.(z) & I (05,1,2)x80 v Air/Water ¢ = fn( j(';) where j& denotes dimensionless gas superficial
Kawaji velocity
Fujitaetal® | | ('0 2:2)x10 H :j)zl/uvt\i,zfrof Lockhart-Martinelli correlation failed in the region of intermittent
J ’ ) flow region
ethanol
Lee & Lee® C = AA%y" Re}, ; Adjust the constant and exponents of Lee & Lee™
I using single-phase friction factor in rectangular channels*
““““““““ 04,1, 2, 4)x20 L= B VN A (- e
Lee & Lec® Improved Lee & Lee!®s result using C = 44% " Re 1o
Lee & Lec® $1 = fn(4R, X)
Mishim7a &
ik
ﬁl}z Lkii;la ot |. 11' 2 Z: 140 V | AivWater | C= 21{1 —exp(-0.3 19D,,)} where the unit of Dj, is mm
M (12,24, 5)x
Wambsganss I Air/W b
ctal® 19.05x3.18 H ir/Water | C=aX" where a & b= fn(Re,)
Flow boiling
;?::lrjﬁ o3 v |R113 C=30
R34 Modify B-coefficient'? using Npopp defined by
©2.46,2.92 i
Tran et al.'? H R-12 o 03
| 4.06x17 R113 —1 /b,
g(pL - pg)

T | rectangular channel; @ circular tube
* : H and V denote horizontal and vertical flows, respectively
% : Detailed explanation is given in Table 2
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Table 2 Constant and Exponents in C = AA%y" Rej, t (Laminar: Re;, Reg< 2000; Turbulent: Re;, Reg>2000)

T FlowRegime | Lockhart | LeeandLee®
Liquid Gas Martinelli, C A q - P
Laminar Laminar 5 6.833x10® -1.317 0.719 0.557
Laminar Turbulent 12 6.185x107 0 0 0.726
Turbulent Laminar 10 3.627 0 0 0.174
Turbulent Turbulent 20 0.408 0 0 0.451

t: '1=,Uz/PLUDhl v=pujle, j=j+Jjs; ReLa=GDh/ﬂL

0.5 T T T T
+10%
Gap, mm
o] | ® 2 B
-~ » 1
<10%
e A 04
g 0.3 4
=
&
§ 0.2 1 4
2
t
& 01 4
~
0.0 T T T T
0.0 0.1 02 03 0.4 06
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Fig. 3 Comparison between the fully developed
correlation (Eq. (3)) and the present
measurements
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Fig. 6 Comparison between the present
measurements and the correlation by
Lee and Lee (2001)

A3 HBARE 88% RAl &3 glon}, A
A AR 9 87.7% o]/do] +15% o)l EAFE
Fig. 6 & &3l ¢ ¢ vl webA Lee 9 LeeW9)
AIHA @), (NE R-113 & A3 AL s
T2 glol A48 = des ¢+ Audh

42d| 50| FutEl A%

Al Rof ub|Fo] utE 7 $-9f

b =

% F guges
she o

gl gt Aokt oA sk et
Aol % dEARE e & onz ohd
e Oew ol FHEL.
App = Aprp —Ap (3)
2 2
ApA - GZ X our + (l_xout) _
PcCou  PrL (1 -aout)

&)

Gz{ xh, (-x,)’ }

P:clin pL(l_ain)

A71M, App £ HlFOl FUE B4 4¥LE ¥
7 2 A F% HAEAE e, 71T E
at G&F 2 zivi®9 4B e AgdTh

067771
a=|:1+(}—_—{](p—6] } (10)
X Pr

TH HSo FUE A9 w2 g
P AT
o] 8% <+ Uth

B L out dp
ApF - (xout ~Xin (dz F)Tde (11)



oA 53 A F2 Wl WE 4% deidete] B@ AW AP

30000 T T T Y

Gap, mm +20%
250004 | A 04 S
o 1.0 IS (3 o
G20 LY.
g 20000 8 20%
2 (S
E: 22
& 15000 a 4
S Y
]
[
g_ 10000 i
§000 - E
0 T T T T T
0 5000 10000 15000 20000 25000 30000

Apr, Pa (Measurements)

Fig. 7 Comparison between the present
measurements and the correlation by
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