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condensing inside smooth horizontal tubes
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Abstract

Experimental results for forced convection heat transfer of pure refrigerant and non-
azeotropic refrigerant mixtures during condensing inside horizontal smooth tubes, double pipe
heat exchanger of 7.5 mm ID and 4 000 mm long inside tube, are presented. Pure refrigerant
R -22 and R - 407c, the mixture of R - 32+R - 125+ R - 134a (23/25/52, wt %) are used as the
test fluids. The ranges of parameters are 114.3~267.1 kg/(m? - s) of mass velocity, 0~1.0 of
quality. The vapor pressure, vapor temperature and tube wall temperature were measured.
Using these data, the local and average heat transfer coefficients for the condensation are
obtained. At the same given experimental conditions, the condensation heat transfer coeffi-
cients for NARMs R - 407c were lower than those for the pure refrigerant of R — 22. Local heat
transfer characteristics for R — 407¢ were different from pure refrigerant R — 22. The condensa-
tion heat transfer coefficients for R ~407c and R - 22 increased with mass velocity. Based on

the data a prediction method was presented for the calculation of dimensionless average heat
transfer coefficient.
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Symbols

Specific heat
Diameter
Mass velocity

Galileo number

Sensible — latent heat ratio

Heat transfer coefficient
Enthalpy

Latent heat

Total condensing length
Number of paths
Nusselt number
Pressure

Prandtl number

Heat capacity

Heat flux

Reynolds number
Density — viscosity ratio
Temperature

Mass flow rate

Quality

length of 1 - path

Greeks

[kd/(kg - K)]
[m]
(kg/(m? - s)]
[/]
(/]

[kW/(m? - K)]

[kd/kg]
[kd/kg]
[m]
(/]
(/]
[MPa]
(/]
(kW]
[(kW/m?]
[/]

(/]

(K]
[kg/h]
(/]
[m]

Lockhart — Martinelli parameter [/]
Lockhart — Martinelli parameter [ /]

Void fraction
Thermal conductivity
Viscosity

Kinematic viscosity
Density

Surface tension

Subscript

Bottom
Calculated

Condensation

Critical

(/]

[kW/(m - K)]

[Pa-s]
[m%s]
[kg/m’]
[N/m]

cw Coolant
DB Dittus — Boelter Equation
eq Equivalent
EXpP Experimental
1D Inner diameter
IN Inlet
L Liquid
m Mean value
oD Outer diameter
ourT Outlet
REF Refrigerant
S Side
T Top, Total
\% Vapor
w Tube wall
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Table 1. Candidates of R~ 22 alternative refriger-
ants.

Pure refngerant | Mlxed refrlger ants

HFC 23

| HFC - 321125 (50/50°%)

HFC - 32 | SR 410a,AZ 20

HFC - 125 | HFC  32/125/134a (23/25/5260)
HFC - 134a ;R - 407¢, AC 9000

HFC - 143a | HFC - 125/143a (50/50)

HFC 1522 SR 507, AZ 50
|HC - 200 (Propan) | HFC - 125/143a/134a (44/52/4%)
HC - 600 {Butan) » B - 404a, HP 62

HC - 600a (Isobutan) | HFC - 32/134a (25/75%)

NH, HC - 290/600a (50/50%)
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Fig. 1 Schematic diagram of experimental apparatus.
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Section A-A

Fig. 2 Detail of test section used as condenser
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Fig. 4 Axial distribution of Tyep, Tews Twm Qcon @and x in condensation of R - 22 inside smooth horizontal

tubes for Grepr=258.0 (kg/m* - s).
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Fig. 5 Axial distribution of Tggg, Tews Twm 9con and x in condensation of R - 407C inside smooth horizontal

tubes for Grpp=255.2 (kg/m* - s).
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Fig. 6 Comparison of local condensation heat tra-
nsfer coefficients with quality and heat flux
of R - 22 inside smooth horizontal tubes.
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Fig. 10 Comparison between experimental results
Nugyp and calculated Nug,, using correlation
by Haraguchii for condensation of R - 22 and
R 407c¢ inside smooth horizontal tubes.

Fig. 11 Comparison between experimental results
Nugyp and calculated Nug,, using correla-
tion by shah for condensation of R- 22 and
R - 407¢ inside smooth horizontal tubes.
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Table 2. Studies on condensing heat transfer coefficients using smooth tubes.

Author(Refr. No) Ref. Prediction eq. of condensation
Akers R-12 Nu =0.0365- Re,,” - Pr; ’; Re,, > 50000
Meg’:”“ =5.08- Re'® - Pr%; Re,, < 50000
' Re, =G, -d/u,
G, =G-l1-0+x(p/p)"")
Cavallini R-12 Nu =0.05 Re::a Pr®
R-22 os
R- 113 Re, = Rev(&J(&) +Re,
< H \ Ay
Range:
10< g / p <2000, 0.01 < py/p, <0.1
3 1 5
5x 10" < Re, 1% <5x10
0.8<Pr; <20,0.1<x<0.9
0.01< H, <0.2, Re, > 1,200
Shah R-11 078 004
Nu = Nupg x| (1~ 0" + 3.8c (1-x)
R-12 7 Pt P
R-22 0.007 < d,, < 0.04
R-113
ote 0.04< P, <9.87,292.15< T, <583.15
10.8 < Gpeplkg im’s)) < 1599,0 < x < 1
Re, > 350, Pr; >05
ve 2 2.1/2
Haraguclii R-22 Nu = (Nuy + Nug)
R-123 Nu, = 0.0152(1+ 0.6 Pr*) (@, / X, )R>
R-134a va
Nug = 0.725H(§)(—G"TP‘"L)
L
G s 035
=1+0. X,
=1+ {gampv(& - pv)T “
0.5 0.1
i 1 )
x 23 Hy
HE=E+{10(1~ 5" - 1]+ 1.7x 10 Re},[E(1- &)
—1
2 (1 A L0ql-x
- 1+—(———’£ 04+06 /& %
: A x ’ 1+044=x
X
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