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An Experimental Study on the Evaporation Pressure Drop of
R-1234yf with Variation of Pipe Diameter

Jungln Yoon!, SungHoon Seol', JoonHyuk Lee!, EunMin Park', SooJeong Ha®*

!School of Department of Refrigeration and Air-Conditioning Engineering, Pukyong National University
’Department of Energy Equipment Chungju Campus Korea Polytechnic University

of HFCA ¥uliql R-134a= GWP7} &oF &7 2AIE do7]al JloBg ofF diAste] dosts 5

GWP7} % HFOA u] R-1234yfS AokaAk dhet. eyt R-1234yfo]l tish A34] At w9 BET
o mEbA, 9-2ls R-1234yf9] ST dAst MAUSES st 95171 S8 A7 Basittal A

A4 200~500 kg/m’s, BRE 5~10 kW/m®, ZIHE 5~15°C E 7 3.7~6.8 mmo|c}h. FF7sh
=7k S7Fol whet fhadtet. Wi W HEASEE 42 27, 15%4 Hashy] hiEelt Eot, IS
7}%“)11 w2k S7kshe B3] At ol BE Ol tis) A ol 245 AT AAH, W2 A
AmoA dds7t S7RRttE AL Bt ¥ AadeE dst SU1sk. W 3.7~6.8 mm
-1234yfo] 3% AHAHE B FWA R 5T e vadt A3t 7 Pt oA} -15.3%, -21.3%% F2 D]

o
i)
Jo
>

ol
o

ki fO
[

o,

I

He oot
PN
[
r]o

olN f

g}

ﬁq
I
e}

oo rlr mx oX

r

oo Lo
HIéT:tlrF
¥ o= flo
2L -

Abstract The HFC refrigerant R-134a has a high GWP and causes environmental problems. Hence, we
intend to replace it with the HFO refrigerant R-1234yf with similar thermodynamic properties and a low
GWP. However, experimental studies on R-1234yf are very scarce. Therefore, research is needed to
clearly elucidate the mechanism of evaporation pressure drop of R-1234yf. The experimental conditions
for the present study were a mass flow rate of 200~500 kg/m?s, a heat flux of 5~10 kW/m? a saturation
temperature of 5~15°C, and a diameter of 3.7~6.8 mm. From the experiments, we observed that the
pressure drop decreases as the saturation temperature increases. This is because the density and
viscosity coefficient ratio decrease by 27 and 15%, respectively. The pressure drop also tends to increase
with an increasing heat flux. This shows that for all pipe diameters, the greater the mass flow rate, the
greater the pressure drop. The pressure drop also increases at higher vapor quality than at lower vapor
quality. Moreover, as the pipe diameter decreased, the pressure drop increased. As a result of comparing
the values predicted by other correlation formulas for the evaporation pressure drop of R-1234yf in
pipes with inner diameter 3.7~6.8 mm, the average error was -15.3% and -21.3%, respectively, showing

good agreement.
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1. M2

HFCA|(Hydro-Fluoro-Carbon) ¥H= ODP(Ozone
-Depletion-Potential)7} @ol @5-F% AFJoA tt
FotAl AREEHI Atk SEAIEE GWP(Global-Wa
rming-Potential)7} o} A3 74 EAIE ZHst
Q7] W&ol AR ©AZF g FAEo7t Aol
o} HFCA Y= 2U=kE HIEs) 249 744 @413
02 AE7FE F0dof obH 45W7kR] 24 tiH] 80%E
Zojof it} o3t A AstaAete] AT F2U
HFOA|(Hydro-fluoro-olefins) Jul= GWP7} Yo}
AZATH 4G22 Q).

HFCA ] & of2] &ofo] AREE I Q1= R-134a
= GWP7} 130001t} 3HA]9t R-134a9} GHHY &4
A|7F FARE HFOA R-1234yf= GWP7F 48 @A5]
wol R-134a9] }3t thAgufoltt.

R-1234yfo]l B3t A7 200649 ©)F &s] Al%}
Hom(1-4] HEHQ FHAFE= thaT 2t} Oh 5
[51& 50~600 kg/m’s9] A<, 0~10C 2] Es}e
T ZAA 1.57} 3.0 mm $HF W R-1234yf9] &
ZHroto] diafiA] AFH o R AF5tPal BE 27o] &
ZHrotol] G vFTka 513t} Del Col Sl61& W
7 1 mm9 9% olo]a & AdojA R-1234yfS] &=
J3HE 5795kl R-134a9} vl sttt 1 23 54T
F20l4 R-1234yf= R-134a°] Bl °F 10~12% 7
T 22 EAeE Yt

0|9} 2L FYATE= F|Fo] Hol R-1234yf9] 5
2 kAot g ARl AGEL Hds] RS
Aot wEhA] R-1234yf9] S dE4st MiAUE
= HESHA o] sl o B2 A Eesih 2
ATolA= T st T2 R-1234yf9] S8 4594
sto]] gt A¥A AFE ot ohH Wa-d= Aol
A 7V 8% 8491 R-1234yf8 7] HAE $igt
712 AEE AFotaA}; gt

248X F Hiojy e

1

ARFAE R-1234yF0) SR B0 Fegs
243134 ST Fig. 12 A1) QA S
=2 Ukl Zolx, Fig. 2% 4] B2 HAE 44
2 ek Zolth, APAAE A wig slo] Bz

i

(Magnetic Gear Pump), 2% SFA(Mass Flow
meter), 4 E7](pre-heater), Al8H(test section), T
A7|(Reciver Tank), B2Z ¥Z}7](sub-cooler), T2
(Auto Voltage Regulator) 522 FA=o] Qo
R-1234yt9] <3 4L 45715 ARSI & vhL
g 7]o] HZE o8] I A R-1234yfE &
AT, AFRFAE ol8sto] WY fET U=s
74510 R-1234y19] HigE Attt 8 482
I A2 AFRFAE SRt R-1234y7F 2=
FFE FAlo| 2H5H] ojF7| o] ZleE= T2
ZolA 2451, AE 9 FPF2 A F7]E o]8st] x
A% =, R-1234yf9] ¥ZT} 352 oiA B ¥
712 S0zttt A7) Yol W3} 7)Ao BAlel &

Fig. 1. Schematic diagram of experimental apparatus
for evaporation heat transfer with R-1234yf
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Fig. 2. Schematic diagram of the test section for
evaporation heat transfer with R-1234yf
(a) Test section for inner diameter tube of 3.7 [mml]
(b) Test section for inner diameter tube of 5.3 [mml]
(c) Test section for inner diameter tube of 6.8 [mm]
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7 Wslo] wE R-1234yfo] ¢ Fstol B3t

AetE g oHEo] R-1234yf Yo ut1g 7|0 ¥
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Y76 ¥hSste] ©go] nH[E B9 WE olssh=
B AAREel] R 4 o ER ol2dt @S
A7 ol Wt WH 5 G dhsjo] 750
717 FEF SR FH7|oIA A2AUY R-1234yf
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UEE AASIITE AR 479 ¥ A= 245t
7] 8l dlG71= AEIdE AT A 7Hdshs HaAle
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71 FEEE AgS 2dsto] sYg AdxdS AE
T 5= A AEFA(power meter)E Sl ALFE A
AleHA sttt

Fig. 20 Uehd ZAA4, S8 AR 3 3/
Bl ATE ARSI oW, YAFAA A st=
g o]8ste] R-1234yfE 7Hdsks W oE A& sl
o} AR 0]QJ9] ARk M7 H 0 HASHEE AIF
Bo] of Edto] 7] A He(Dielectric fitting)S
25ttt YIFAol o3 21 71E 4lE =gk A
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.7 mm<] 3<% 2400 mm, W74 5.3 mm?l S 3200
mm, W73 6.8 mm<?! 3¢ 4000 mme]H, 7Fs3t €A

& A0S FET £+ EE oW gl= T
(seamless tube)& ArEsIALE AFZRAL Table 13}
2t

Table 1. Experimental conditions for evaporation
heat transfer

Refrigerant R-1234yf
Test section Horizontal stainless tube
Inner di;}meter of test 3.7 53 6.8
section, [mm]
Heat Flux, [kW/m’] 5, 10, 15
Mass Flux, [kg/m’s] 200 ~ 500
Saturation
Temperature, [C] 5 10, 15
Pressure [bar] 3.73, 4.38, 5.10
Quality, [ -] 0~ 1
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Fig. 3. Variation of experimental pressure drop with
different saturation temperature for constant
mass and heat fluxes.
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Fig. 4. Variation of experimental pressure drop
with different heat fluxes for constant
mass flux and saturation temperature.
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Fig. 5. Variation of experimental pressure drop
with different mass fluxes for constant
heat flux and saturation temperature.
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Fig. 6. Variation of experimental pressure drop
with different diameter tubes for constant
heat flux and saturation temperature.

(@ G.,=200 lkg/m’sl, q,=15 kW/m’), 7, ,,,=10 [C],
b) G, =400 [kg/m’sl, q,=5 [kW/m’l, 7, ;=10 [C]
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