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The Pressure Drop Characteristics in Small Diameter Tubes
Using HCFC Alternative Refrigerants

C. H. Son, H. R. Lee, J. H. Jeong, Y. S. Choi, H. K. Oh,
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Abstract

The pressure drop characteristics of R-22 and R-410A(a mixture of 50 wt% R-32 and 50
wt% R-125) flowing in a small diameter tube with 1.77 [mm) inner diameter and 3.14 [mm)]
outer diameter was investigated experimentally. The mass fluxes of refrigerants are ranged
from 450 to 1050 [kg/(m” - )} and the qualities are varied from 0.05 to 0.95.

The main experimental results were summarized as follows ; The single-phase liquid
friction factors for small diameter tubes are higher than those predicted by the Blasius
equation. In case of two-phase flow, the pressure gradient of the small diameter tube
increases with increasing mass velocity and vapor quality. The experimental data are not well
correlated by predictions which were proposed {or the large diameter tube.

7|5 A I : Viscosity (kg/(m- s)]
A < Area [m’) o} : Density [kg/m:‘]
d . Diameter [m] . o} : Surface tension N/m]
f : Friction factor {/] X « . Lockhart-Martinelli parameter
L : Length of test section  [m] (/]
G . Mass flux ke(m™ )] " : Two-phase pressure drop multiplier
A P : Pressure drop [kPa] {71
R : Reynolds number [ /]
s Slip ratio [/ sHE Xt
u : Velocity (/1
X : Quality {71 a . Accelerational
exp : Experimental
aegia &% f . Frictional
g . Gravitational
a : Void fraction [/] in . Inner
: Volume flow ration [/} 1 : Liquid, Flow of the liquid phase alone
in the tube
REF : Refrigerant
R v T Total
A $ANRn 3FTETHH v . Vapor, Flow of the liquid phase alone
in the tube
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Fig. 1 Schematic diagram of experimental apparatus.

x ok

B E (Dol ostd FTEFHo] HapA
(42 £z Aol A Bk
Yojod o Ay BlE{(16)] o8 7t

TE 713

ZT v_k

off e

o 2
o

I
ofN oX
AL i

e e oeoclr oy rr
re e N S
Job >, ku

i

LB 2 Ndrop X NS M O o
o

SR

_ Yo7t 52
T e AR Aoz WAFH 52 oFH
¥ 2mgrloc. yde WA 177 [mml 9%

3.18 [mm], Zol 480 [mm]Ql 2719 43 HEH
olm, & WA 14 [mm] €17 20 [mm]
PVCZ oz AAzAstgct. HA2ER Alolgt £
7tNg AAE AZsE FE5LE FFIAG
agn AEEE Y7edA 160 [mm]’&] LA
o2 67/ FHez YFAon

of, @ Wzt 2% B AYE Z}Z} %3

y XTI



RAEE stk 2 YR gEwe ¥x
gt Alaglige tEWFo] HAdHE AN
Efoll o223 & DPI 420 2RAJAE ol &3ty
2HE9Y. 2gdele s FA7F Badeel =
weNe W eE AR ARABL 27 27
3ttt
Table 1 Experimental conditions
Refrigerant R-22 | R-410A
Test section Horizontal copper tube
LD of test section —
1.77
[mm]
Quality [ / ] 094-~013
Mass flux - _ o
Ike/(m - )] 450~ 1030 450~ 1000
Psa [kPa] 1763~1185 | 2522~1875
Trer [TC] 44~35 41~32
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flow type
Vapor Liquid |Indices of X C
laminar | laminar 1l 5
laminar | turbulent It 10
turbulent | laminar tl 12
turbulent | turbulent tt 20
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Fig. 3 Pressure drop with equivalent
Reynolds number for R-22 and
R~134a.
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Fig. 4 Comparison of experimental data with
Blasius-equation for R-22 and R-410A.
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Fig. 5 Pressure drop variations with mass flux
and quality for R-22.
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Fig. 6 Pressure drop variations with mass flux
and quality for R-410A.
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