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Experimental study of evaporation heat transfer and pressure drop in
7mm horizontal smooth tube of Low-GWP refrigerant R-1234yf

Nam Wook Kim

Department of Refrigeration and Air-conditioning Engineering
The Graduate School, Pukyong National University

Abstract

Refrigeration and air conditioning are used not only in modern
people, but also in various industrial fields such as semiconductors
and food storage. The refrigeration system absorbs heat from a
low-temperature heat source using a refrigerant and discharges it to a
high-temperature heat source. Therefore, the selection of refrigerant in
the cycle is a very important factor. Conventionally, there have been
many studies on improving the performance of a system using
refrigerants with excellent thermodynamic properties. Recently, while
environmental issues are attracting attention as one of the important

factors, studies related to refrigerants that have less impact on the



environment have been actively conducted. In this study, in the
process of evaporation heat transfer in a 6.95 mm inner diameter
horizontal tube of R-1234yf, a low-GWP refrigerant, the heat transfer
coefficient and pressure drop according to the vapor quality were
experimentally analyzed with the mass flow rate, heat flow rate, and
saturation temperature as variables. The main results are as follows.
As the vapor quality increased, the heat transfer coefficient increased.
Also, as the mass flux, heat flux, and saturation temperature
increased, the heat transfer coefficient increased. Compared with the
existing refrigerant R-134a, the heat transfer coefficient of R-134a was
slightly higher than that of R-1234yf. Also, as vapor quality
increased, the pressure drop increased. In addition, as the mass flux
increased, the pressure drop increased, and as the saturation
temperature increased, the pressure drop tended to decrease. Compared
with R-134a, the pressure drop of R-134a was slightly higher than
that of R-1234yf. The effect of each variable on the evaporation heat
transfer process is judged to be determined by the refrigerant flow
pattern and thermodynamic properties. The results will provide basic
data on the evaporation heat transfer of the 6.95 mm inner diameter
tube of R-1234yf and help in the design of the heat exchanger using

R-1234yf.
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a Void fraction
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bottom Bottom
CON Convection boiling
friction Friction
i Inner
in Inlet
1 Liquid
left Left
NB Nucleate boiling
momentum Momentum
0 Outer
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pred Prediction
right Right
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static Static
tp Two phase
top Top
total Total
v Vapor
w Wall
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Table. 1.1 Summary of the evaporation heat transfer performance test results

Bt Refri : D; [mm] Mass flux | Heat flux
rigeran . [mm
o crieerd [kg/m’s] | [KW/m?]
Saitoh et al.
R-134a. R-1234yf 2.0 100~400 6~24
(2011)
Oh et al.
e a R-134a, R-1234yf | 1.5. 3.0 | 50~600 5~40
(2012)
Del Col et al.
R-134a, R-1234yf 1.0 200, 600 |  6~53
(2013)
Lu et al.
R-134a, R-1234yf 3.9 200~400 | 5.7~19.2
(2013)
Kim et al.
R-1234yf 1.5. 3.0 | 200~600 5~40
(2014)
Diani et al.
R-134a, R-1234yf 3.4 190~940 | 10~50
(2015)
Anwar et al.
R-134a, R-1234yf 1.6 100~500 | 5~130
(2015)
Yang et al.
ang et a R-134a, R-1234yf 4 200~1.200 |  10~57
(2018)
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Table. 2.1 Life time of HFOs Refrigerant

Refrigerant Chemical formula Lifetime, days
R-1234yf CF3;CF=CH; 10.5

R-1234ze(E) trans-CFsCH=CHF 16.4

R-1234ze(Z) CF3CH=CHF(Z) 10.0

re

=EANA AREE = R-1234yf= R-134a9] OiA] Wul24 $&8 Y
ZZA04 F Yo EAXE Table. 229 2tk B%, ddE%, HAA S,
Hd 5 984 Bl dhall, AAGE S E4X+= R-134a7} AL 7]
AGE S SAA = R-1234yf7F Atk BA|, Z1A7E G aEste S8 94

oA 1 A3 A e F e A4 5 Yok
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Table. 2.2 Comparison of properties of R-134a and R-1234yf at

saturation temperature

Tsat = 5 °C Tsat = 10 °C
Property Unit
R-134a | R-1234yf | R-134a | R-1234yf
Saturation
kPa 349.66 | 372.92 | 414.61 | 437.53

pressure, Pgat

Liquid density, o kg/m’ 1,278.1 | 1,160.4 | 1,261.0 | 1,144.0

Vapor density, pv kg/m?® 17.131 | 20.744 | 20.226 | 24.267

Liquid thermal
'@ W/mK 89.806 | 73.422 | 87.618 | 71.978
conductivity, k;

Vapor thermal
oo W/mK 11.954 | 12.044 | 12.402 | 12.471
conductivity, ky

Liquid viscosity, w | 10°N/m?s | 250.11 | 197.10 | 234.87 | 185.64

Vapor viscosity, p, | 10°N/m?s | 10.911 | 11.363 | 11.099 | 11.581

Liquid specific
J/kgK 1.3552 | 1.3080 | 1.3704 | 1.3274
heat, cp)

Vapor specific
J/kgK 0.9206 | 0.94835 | 0.9455 | 0.9717
heat, cpy

Surface tension, o 10°N/m 10.844 | 8.6919 | 10.138 | 8.0364
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gt S XD A F tEA Q] 4 HA2 Gungor and Winterton (198
7), Kandlikar (1990), Liu and Winterton (1990)%] “g3&24lo] o} Al 71A] <
wAs Aty A3 Ao} Hlwstaz g

(1) Gungor and Winterton’s correlation

Gungor and Winterton (1986)2 T3} 22 F#2S AAISHATE T

4B e Chen®l A#4L 7oz wgstel Al AsTh
htp:S : hNB+E 1 hCON (21)

©] % Gungor and Winterton(1987)'Y& 2 1.1 S 1, &2 0.95- 155
2 TSI tF EADE(heoy) 2 129 Zo] T, A7])A 3

HS R E(hy)S 2 137 2ol Cooper™?] 218 AHg-3}3iTh
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hCON:0-023 ﬁl ReIO.SPrlOA (22)
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1
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1+1.15- 10 °E*Re; "’ 24)
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tt

T HAA Fr7t 0.050181Q1 B -9-oll= Sek Eell S,, Ep, & w38t BATH

=
Szzx/FTﬁ (2.6)
E,=Fr,(0.1-2Fr) 2.7)

(2) Kandlikar’s correlation'®

Kandlikar& G419 43S 783 BoFES =Ust] Shah'”e] A4S
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hy=hcon[(C,Co"* (25Fr,))“*+C3Bo" ‘Fy] (2.8)
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hcon=0. 023R610'8PI'10'4 ﬁl (2 . 9)
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Table. 2.3 Constant of Kandlikar’s correlation

Constant Convection boiling region Nucleate boiling region
Ci 1.1360 0.06683
Cy -0.9 -0.2
Cs 667.2 1,058.0
Ca 0.7 0.7
Cs 0.3 0.3

(3) Liu and Winterton’s correlation'®

Liu and Winterton& Chene] 23213} Kutateladze'”e] A321S Ef|=

e L (=

hy=[(S - hxg)HE - heon)’]"”

hNBZSSPrO.|2(_10g1OPT)—0.55M—0.5q0.67

ki
D.

1

hcon=0.023Re* P4

1
1+0.55E "'Re} '

E=[1+xPrl(%-1)]o'35
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(dp/dz),
x= V (dp/dz),
log/ . =0.095456-0.0899710g;0X-0.03097(log;X)*-0.0034326(log;6X)’

log f+=-[0.67728+0.83232l0g10X+0.25945(log 0X)*+0.027107(log10X)’]

log f=0.77997-0.1164 110g;6X-0.2378(log;0X)*+0.0064732(log oX)’

+0.010108(log;oX)"
72 72he oew Lok

Stratified Wavy flow : F < frand K > fr
Intermittent flow : X > 1.6, T < frandF = fy
Annular flow : X < 1.6andF > fy

Bubble flow : X > 1.6 and Typ > fr
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Figure. 2.1 Flow pattern map of Taitel and Dukler (1976)
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Table. 3.1 Specification of the accessory components used in this study

Magnetic gear pump

Manufacturer : OMP

Model : MG300

Connection diameter : 1/4 [inch]
Flow range : 300 to 600 [mL/min]

DC Power supply

Manufacturer : MK-POWER

Model : MK-30200AS

Input : AC 3-phase 380 [V] 60 [Hz]
Output : DC 30.0 [V], 200.0 [A]

Liquid receiver

Manufacturer : DongHwaWin
Model : DHRV-100

Receiving volume : 15 [L]

Brine thermostat

Manufacturer : P.K. tec
Power : 3 Phase, 380 [V]
Capacity : 11.58 [kW]
Refrigerant : HFC-410A

SLIDE-AC 1

Manufacturer : Daekwang Electric
Power : 0~5 [kW]

SLIDE-AC 2

Manufacturer : Dackwang Electric
Power : 0~2 [kW]

Dielectric fitting

Model : DEU6
Electrical resistance : 10 - 10° [Q]
Voltage breakdown resistance : DC 3000 [V]
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Table. 3.2 Specification of the measuring instruments used in this study

Data logger

Manufacturer : YOKOGAWA
Model : GM10
Accuracy : £0.2%

Flow meter

Manufacturer : OVAL
Model : CN006-CT9401
Flow range : 0~6 [kg/min]
Accuracy : +0.1%

T-type
thermocouple

Manufacturer : OMEGA
Model : TT-T-24S
Range(max) : 200°C
Accuracy : +0.75%

Pressure transmitter

Manufacturer : Sensys
Model : PSCE0030BCPJB
Range : 0 - 30 [bar]
Accuracy : +£0.25%

Differential pressure

transmitter

Model : DPS20

Range : 0 to 100 [kPa]

Operating temperature : -25 to 80°C
Accuracy : +£0.25%
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Figure. 4.1 R-1234yf evaporation heat transfer coefficient according

to mass flux at saturation temperature 5°C
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Figure. 4.2 R-1234yf evaporation heat transfer coefficient according

to mass flux at saturation temperature 10°C
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Figure. 4.3 R-1234yf evaporation heat transfer coefficient according
to heat flux at saturation temperature 5°C
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Figure. 4.4 R-1234yf evaporation heat transfer coefficient according

to heat flux at saturation temperature 5°C
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to saturation temperature
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Figure. 4.7 Heat transfer coefficient of top and bottom side
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Table. 4.1 Comparison heat transfer coefficient with correlation
Correlation MAE MRE STD 01 30%
Gungor and Winterton 48.55 47.5 277.33 43 %
Kandilkar 17.35 -6.22 20.3 84 %
Liu and Winterton 26.97 20.3 18.17 49 %
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Figure. 4.9 Comparison between measured and calculated heat transfer

coefficients.
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Figure. 4.10 R-1234yf friction pressure drop according to mass

flux at saturation temperature 5°C
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Figure. 4.11 R-1234yf friction pressure drop according to mass

flux at saturation temperature 10°C
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