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A New Set of Capillary Tube Selection Charts for R-22
in Consideration of the Roughness Effect
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. Abstract

A new set of capillary tube selection charts for R-22 is proposed. The set of charts takes
into account of the roughness effect on the mass flow rate. For this purpose, a set of numeri-
cal model is developed and a series of experiments is conducted to verify the numerical
model. A numerical model is used to calculated the mass flow rate for several sets of tube di-
ameter, length, inlet pressures and degree of subcooling. The outlet of the tube is controlled
to be at critical condition. The experimental flow rate is compared with calculated values.
The calculated values are consistently less than the experimental ones except for the flow
rate range below 40kg/hr. The deviation is within 10%. Based on the nunmerical model and
results of experiments, the set of capillary tube selection charts for R-22 is constructed. The
set of charts consists of standard capillary tube chart(L.=2030mn, d=1.63mm, e=2.5¢m), non
-standard flow factor(g) chart, and non-standard roughness factor(¢,) chart. The mass
flow rate, flow factor, and the roughness factor are defined respectively as;
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Table 1 Specification of measuring equipments
Equipments Specification
Micro Motion Mass | Maker S OVAL
Flowmeter | Model - D0125-55-200
(Refrigerant)  |Range - 0~300kg/h
Accuracy  : 0.1% of full scale
Data Acquisition | Maker > Yokogawa
System Model L 3R90
Range . - 200~400C

=(0.03% of rdg—05C)
Accuracy 1 0.1TC

Resolution

Electronic Digital |Maker - Great Plains Industries, Inc.

Flowmeter(Water) { Model - 07S31GM
Range 2 10~190 ¢ /min
Accuracy  © +1.5% of full scale reading
Pressure Gage | Maker - Helse
Range . 0~4MPa
0~ 1500 psig
Resolution  : 5kPa
1psi
Invertor Maker - Goldstar
Model - SV037GS -2
Capacity  : 6kVA
Current 164

f

=2 st A&71e) AYe Table 17} 2o}

4&7]= R—22%, 3918, 48542 & Corpe-
landA} A|Folt). Alade] ARHKFES M)
gt tEvldle AWEE dZ3Y FHFE
40~60HzE ZHFge N 4&E7| FdTE £
Hetgch d8shs B¢ FRAHL 24~111kg/
h7t2 248 ¢ Aok 4F719 g7ds 55
718 AAsld gErld 3717 AYEE A&
x| sidch &Y 70 edEEIIE 1A A
%ot GRPr] 2 Test Section. 2 Yo #4
e A& FHasstdh

g7l 4-Bye FddoE ANAes
oh A% odol 2l FHsE g PA

3l Az Yojrt s2n goz Jirl 52
= oA g&v)ohe 2 dE Yaert 12
7 @og Yz EEE dAsd. 5719
Bls Wztse] &2 8 o]gsled A on |
2p5o] £ g A Hsly §2xE o433
t}, Z2uy)e 3Pd e §3& 2830kcal/hoth.
=uy|o] Hale 97 #He| £58 2F3d o
A 23 7

wA B oA dojdf oisted HESHATE
AeE RE mA#e] WA e HA R %

Table 2 Specification of capillary tube and

roughness measuring equipment

inside
. length roughness
diameter
(mm) (4am)
(mm)
Capillary 1.16 760 1.51
Tube ” 1,000 ”
” 1,200 "
1.46 760 2.625
” 1,000 ”
” 1,200 ”
1.72 760 5.16
” 1,000 ”
” 1,200 ”
roughness | Maker  KOSAKA
measuring | Model  : SE 30H
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Table 3 Comparison of friction factor of Owens viscosity correlation with those of others
Tu;ndenser: SOOC Tevapurawr O C
Model quality =0.001 quality=0.2
{mPa-s) Re friction | %error |g#(mPa-s) Re friction| %error
Owens
= 0.1311 {0.1159x10°10.02359] — 0.2205 | 0.6888x10°10.02458| —
£
McAdams
}_:}_(___l:jg 0.1301 [0.1168x10°(0.02358| —0.04 | 0.0483 | 0.3144 x10°{0.02254| —8.30
Kot K,
Cicchitt
_ 0.1309 |[0.1160x10°]0.02359| 0.00 | 0.1787 [0.8497x10°|0.02414| —1.79
p=xp+(1-0p,
Dukler
= o xvytl+ 0.1296 {0.1172x10°(0.02357| —0.08 | 0.0247 [ 0.6149x10°|0.02221{ —9.64
(1—=x)v, u)
Table 4 Test conditions
d=1.16mm d=1.46mm d=1.72mm all
capillary tube
) 1627.46—2079 1287—-2175 1314—2196 1287—2196
inlet pressure(kPa)
subcooling(C) 2.4-17.1 2.6—17.5 2.9-17.4 24—175
oulet pressure(kPa) 181—-296 184—-371 221—421 181—421
mass flow rate(kg/h) 23.1-37.7 33.8-72.3 55.0—104.0 23.1—-104.0
point number 142
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Table 5 Sensitivity of diameter, roughness,

and viscosity of friction factor

Standard condition : Piu.=2000kPa, d=1.73mm,
e=2.5pm, m=80kg/h

d
. € # f % error
(mm) | Cpm) | (Pa-s)
1.63 2.5 0.1296x10°*0.02338] —

1.793 2.5 ]0.1296x107%0.02309| —1.24
1.63 2.75 (0.1296x107%0.02383 1.92
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Table 6 Comparison of mass flow rate from capillary tube performance chart with experimental and

calculated mass flow rate
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