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ABSTRACT: The characteristics about the pressure drop in microtubes have been investi-
gated. The test tubes are the circular, seamless, stainless steel tubes with an inner diameter
of 0.244, 0.430, and 0.792 mm, respectively. R-134a was used as a test fluid. Early flow tran-
sition which has been reported in some previous studies is not found in single-phase flow
pressure drop tests. The conventional theory between friction factor and Reynolds number
predicted the experimental friction factors within an absolute average deviation of 8.9%. The
two-phase flow pressure drop increases for higher quality and mass flux, and for reduced in-
ner diameter. The existing correlations fail to predict the experimental data. A new correlation
to predict the two-phase flow pressure drop is developed in the form of the Lockhart-
Martinelli correlation. The effects of the tube diameter and the surface tension were consi-
dered, and the correlation predicted the experimental data within an average absolute deviation
of 8.1%.

Key words: Microtube(v}o] 22 3), Pressure drop($}® 73}), Friction factor(vt&#A%), Two~
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Table 1 The conflicting results between the
existing studies about the friction fac-
tor of the single-phase flow
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Pfahler et al.” v
Choi et al.?’ v
Peng et al.m v v
Yu et al® v
Peng and Petérson(e) v v
Mala and Li” v
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Li and Garimella"” v
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Fig. 1 Experimental test rig for the pressure drop test.
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Table 2 Test conditions for the pressure drop
tests

Two-phase flow
G (kg/m’s) | Quality
480, 730,950 | 0.10~0.95

270,510, 900 | 0.08~0.84
140, 270, 470 | 0.11~0.88

Test [Single-phase flow|
tube m (g/hr)

A 110~1,210

B 137~1,098

C 110~1,184
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Fig. 2 The pressure drop per unit length for the
test tubes versus the Reynolds number.
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Fig. 3 The friction factors versus the Reynolds
numbers for the test tubes.



slejaz e W ¢ 54 2 Adud #@ A7 43

A 53 e AP AFxe AFE T
& H(entrance effect) @ &7 E H(exit effect)=
R HEEgn wedch $A QA e
d AAY sldAsE FAYE, AEE Hol, &
F 2 AYR AAY Frds ¢ F Ak 57,
AgR AA2 o2 HAFEd ulgr Aduygez
A8 Z7o] ojg ¢, vfFATY EFAE

2 9% A & 4 Ao
32 2485 ool

ol 2@ WA 24FF ¢HAse MY

v fEd =S WdFAIIEA 2
th Fig. 4olM e AA el 0.244
mm¢ AEF Al didgA Ax 2 AFFS W
sto] me dHF 5E4L HoAFu Aok FF
F&ol YdFE W, A=V FALSFE g At
£ F7tg ole AR EEFE HAHo| F
Zbetx, wEtM frEe] BE St T4k Al
Py Hel iy FEvuiEel F7E7] "HEelth
AYPR F7o] 0430 mm, 0.792mmel AlPH B,
Col dslx #L4F 234E Uetiid

oX,
o
i
1=
e

Vi=Gx(v;+xxvy) (6)

3000 T I T

2500 = G kgimis) 7
2000 . —o—— 480
—a— 730

Ap/L (kPa/m)

1500 |~ ———— 950
1000
500 —
0 | |
0.0 0.2 04 0.6 0.8 1.0

Quality
Fig. 4 The frictional two-phase pressure drop
per unit length of the test tube A (D;
=().244 mm).
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Fig. 5 The two-phase frictional multipliers for
the test tube A (D;=0.244 mm) versus
the Martinelli parameter.

Table 3 The comparison of the experimental results with the existing correlations

. 0,4(%)
Correlation
Test tube A Test tube B Test tube C
Moriyama et al."" 2551 149.7 136.6
Mishima and Hibiki™” 155 23.0 23.8
Lee and Lee™” 117.4 765 52.4
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Fig. 7 The coefficient C versus Martinelli parameter, X for test tubes.
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Fig. 8 The comparison of the calculated two-
phase frictional multipliers with the ex-
perimental two-phase frictional multi-
pliers.
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