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Pressure drop of R — 22 and R - 407C during condensation in horizontal smooth tubes

G.S5.Roh - H. K. Oh - O. B. Kwon

Key words : Condensation(2-%), Pressure drop($} 3 7}8}), Alternative refrigerants(th 4| W vl )
Abstract

Experimental results for forced convection condensation of R ~22 and R~ 407C inside 7.5
mm [D and 4 000mm length of horizontal smooth tubes are presented. The experimental data
covered total flow rate from 114.3 to 267.1kg/(m? - s) and quality from 0 to 1. The vapor tem-
perature and pressure drop along the tube were measured. The pressure drop for R -407C
increased with flow rate similar to that of R - 22. The experimental data compared with the
available predictions for pressure drop. Based on the data a prediction method was presented
for the calculation of pressure drop of R — 22 alternative refrigerants.

Symbols i :Latent heat (kJ/kg)

NF : Number of fins [/]

¢, : Specific heat [kd/(kg - K)] Nu : Nusselt number [/]
d : Diameter (m] P : Pressure (MPa]
f  : Friction factor [/] Pr : Prandtl number [/]
FH : Fin height [m] @ : Heat capacity (kW]
G : Mass velocity [kg/(m? - s)] q : Heat flux (kW/m?]
h  : Heat transfer coefficient Re :Reynolds number [/]
[kW/(m? - K)] T : Temperature (K]

i{ : Enthalpy [kd/kg] W : Mass flow rate (kg/h]

* 339, ¥4 B
*x Y, FRoga
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X Quality /]
z : Local length of test tube [m]
Greeks

@, : Lockhart — Martinelli parameter [/]

X,, : Lockhart - Martinelli parameter [/]
B : Spiral angle of micro - fin tube [°]
{ : Void fraction [/]
¥  : Thermal conductivity [kW/(m - K)]
pu  : Viscosity [Pa - s]
vt Kinematic viscosity (m¥s]
p : Density (kg/m?*]
Subscript
CAL : Calculated
CON : Condensation
CW : Coolant
DB : Dittus — Boelter
EXP : Experimental
F : Frictional
g : Gravitational
ID  : Inner diameter
IN  :1Inlet
L : Liquid
M : Momentum
m : Average
OD : Outter diameter
OUT : Qutlet
REF : Refrigerant
\% : Vapor
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Fig. 1.1 Typical Fin Shapes on the Inner Surface of
Micro - fin Tubes.
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Fig. 2.1 Schematic Diagram of Experimental Apparatus.
1. Refrigerant pump 8. Receiver 15. Expansion valve
. By - pass valve 9. Level gauge 16. Evaporator
. Heat exchanger 10. Refrigerant injection line 17. Water receiver

. Refrigerant flow — meter
. Evaporator

. Test section(Condenser)
. Auxiliary condenser
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11, Water flow - meter
12. Compressor

13. Driven motor

14. Condenser

. Water pump
. Voltage transformer
. Hybrid recorder

. Differntial pressure transducer
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Coolant inlet

b
| . ¢~ thermocouple g

L i
\ \__ Pressure tap i
1

Preesure gauge

%__, 2 000 X

Refrigerant inlet

| c
P e ¢ thermocouple

| P
7

——— Pressure tap
ari Copper tube
4 H

PVC pipe
— Glass wool

Section A

Fig. 2.2 Detail of Test Section used as Condenser.

Table 1 Comparision of the physical properties of R - 22 and R - 407C

Physical Property ‘r R - 22 | R 407C
| Vapor pressure(205.0K), kPa | ese1 . 15120 |
Boiling point(101.325 kPa), K - o . 232.49 W}’W\V 722;;45 S
Specific volume (Sat. lig., 295. OK) (10 ’) m'/kg I o 70.832 - 06;1” 7
 Specific heat(Sat. lig, 2050 K), koikgk) | T
| Viscosity(Sat lig, 2950 K) pPoise e T T o
B Thermal conducthlty(Sat liq., 29501() W/mK - S 0.0899 1‘ o 0.0937 o
4, otz{zbat APp=APy+ AP+ AP, (4.1)
APp= APy + AP, (4.2)

4.1 AlsiclolEte] Mol U ABZ APy, : rnon-lentum pressure drop
APy - frictional pressure drop
FH AW Yol FFoll U AT AzelA AP, : gravitational pressure drop
2] At 3} AP,+= 2] (4.1)3} oY, F o o8 .
A% AP,E TATY 5 oz 4 (g go] L oo Ul AW YA APy 714 <
Fol ol sttt MR EA B
A2 3l

O
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Fig. 3.1 Comparison of Heat Loss of Refrigerant by
Coolant and Heat Gain of Coolant from

Refrigerant.
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Fig. 3.2 Comparison of Calculated Single - phase
Liquid Heat Transfer Coefficient with Ex-
perimental Data of R - 22, R - 407C inside a
Smooth Horizontal Tubes.

o] 2{10g o] g&ted 2] (4.3)7} o] AAE 5 9l
t}.

AI)M:G:‘EF‘:E%[; (1o } (4.3)

(1-8)-p,

AZNM, Grere WA ZFEE, xe A, (& B

Table 4.1 The Constants for the Void Fraction Cor-

relation
2
AP\[—GREF[E + (1(1 ié;cpll
Model ‘ A a b c
Homogeneous 1.0 1.0 1.0 0.0

Lockhart - Martinelli | 0.28 064 | 0.36 | 0.07

]

Fauske 1.0 1.0 1.0 0.0
zivi L1010 F 23 ' 0
Turner - Wallis 10 . 072 | 040 | 0.99

ol=golth A% x9 Ho|=§ (o i3t A2 o
E2E AF7A B2 A7 o] R R ), o
£ Table 4.14 7b+3] & 2] 3l o}
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Py x
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L
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g APL9} 4] (4.3)2 2 A G AP, S iy sld 2
B R h=

Fig. 4.3~Fig. 4.6 &AW A R-22, R~
407Ce} ] 7Fstol digk S A o] B E
et Rolth. Wl o] AF /LS 247 114.3~
267.1kg/m’ - so] WYl M WA BE2M, O
H59 o= Ay 33 Pehast AP, o
2] (4.3)0.2 A SFEFHsld o8 w g
APy, @ &= 1= 9] BiglE el Aot} 329
Lid;y& §%7]19] Far #del & Yehlz gl
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Fig. 4.1 Comparison between Void Fractions for
R - 22 at 320 K by Table 4.1.
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Fig. 4.2 Comparison between Void Fractions for
R - 407C at 320K by Table 4.1.
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Fig. 4.3 Distribution of Total, Momentum, Friction-
al Pressure Drop, and Quality, as a Func-
tion of Dimensionless Tube Length for
Smooth Horizontal Tubes(R - 22, Ggrgr=
114.3(kg/(m* - s))).
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Fig. 4.4 Distribution of Total, Momentum, Friction-
al Pressure Drop, and Quality, as a Func-
tion of Dimensionless Tube Length for
Smooth Horizontal Tubes(R - 22, Gggr=
267.1(kg/(m* - s))).
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Fig. 4.5 Distribution of Total, Momentum, Friction-
al Pressure Drop, and Quality, as a Func-
tion of Dimensionless Tube Length for
Smooth Horizontal Tubes(R - 407C, Gggr=
133.2(kg/(m? - s))).
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Fig. 4.6 Distribution of Total, Momentum, Friction-
al Pressure Drop, and Quality, as a Func-
tion of Dimensionless Tube Length for
Smooth Horizontal Tubes(R - 407C, Gggp=
262.6(kg/(m* - s))).
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Table 4.2 Studies on Frictional Pressure Drop of
Condensation using Smooth Tubes.

Author Materials Correlation
Soliman ®y=1+2.85X;,""
0<X,<1)
C: Zivi's eq.
Azer R-12 | @p=111.09X;"
$: Zivi'seq.
Fujii R-11 Py=1+a X"
‘ ‘ Grur ! JPLhv < 1.5m/s.
- a=1.24(Gger / Jpov "
Grgr / Jprpy > 1.5m/s
" a=165
i ¢ : Fauske's eq.
SR e § o e
Honda R-11 | &,=1+18X}"
| R-1u3 |
10
I R-22(Smooth)
[ | Grer (ke/(m®s))
O 1143 4
I O 1749
i & 222 v@@gj}/
g v 2671 %Lb/
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e - Soliman
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I
L — )
o // Fujii(B)
L o
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Fig. 4.7 Comparison between Experimental Results
and Existing Correlation Equation of R -
22 inside a Smooth Horizontal Tubes.

1, Fujiie] A $de ddzde o Aidas
TEAT

oA X7t F7HESE Axrt Fastd &
Zo] AgPH 1 9 Jelz ok = X7t
U3 A S, AFRTo] THAEFE ope] A4FA
7 Agde A2 ¢ F Uk " H o2 R-229
APAHe R-407C AgddTrt v =3 A
£ Bojz g&E& & Uk S5l UM dF-
Yol otej 7talrt A% 12x2>0.29 H oA dof
Uuz, old fgate 0<X,<0.79] H oA
A A3 Solimane] o &4 2HE TS

10
| |R-407C(Smooth) 4
L [Gur (kgfm® 5)) /
Lo 132 ) a
o 1780 Q@V/
g A 2147 =
& | v__2626 / o
/ -
- Honda
..... - ;-,.—/96 st - - Soliman
=<1 - Azer
T oA -~ Fujii(A)
// o — Fujii®) |
L T S RO
01 1 1

X,

Fig. 4.8 Comparison between Experimental Results
and Existing Correlation Equation of R -
407C inside a Smooth Horizontal Tubes.
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