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ABSTRACT 

The global warming problem motivated researchers to find alternatives to substances that contribute in this 

problem. The refrigerant R134a (HFC134a) was classified as one of unfriendly gases to the environment. 

Therefore, the refrigerant R1234yf has been used as an alternative to refrigerant R134a refrigeration in air 

conditioning systems. In this paper, the condensation heat transfer coefficient (HTC) of refrigerants R1234yf & 

R134a were measured on plain & two low-fin tubes. The finned tubes have fins per inch (FPI) equals to 25 & 

fin heights of 1 & 1.4 mm. The condensation process was investigated at condensing pressures 7.5, 8, 8.5, & 9 

bar with water inlet temperature between 19 & 21°C. The findings indicated that condensation HTCs on the 

plain tubes are well predicted by the Nusselt theory within MAPD 2% for R134a & 2.7% for R1234yf. The 

condensation HTC decrease in proportion to the rise in the heat flux. Overall HTCs increase with the increase 

in LMTD. The refrigerant R134a resulted in higher HTC than R1234yf for finned tube with fin height 1.4mm. 

An enhancement factors of 10 times was gained by the finned tube with 1.4 mm fin & R1234yf compared to 

plain tube & 9 times with refrigerant R134a. The MAPD of predicted HTC results is 65 % for Briggs & Rose 

[1] & 30 % for Murata & Hashizume [2] when compared to the experimental values for low- fin tubes. 
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INTRODUCTION 

For decades, chlorofluorocarbon (CFC) refrigerants were extensively utilized in a variety of refrigeration & air-

conditioning applications. It has been shown that CFC refrigerants are contributing to the stratospheric ozone 

layer depletion, & the Montreal Protocol was developed in 1987 to phase out ozone depleting substances[3]. 

Since 1996, CFCs have been phased out entirely in industrialized nations, & they were required to be phased 

out completely in underdeveloped countries by 2010[4]. To compensate for the void created by the phase-out of 

CFCs, the refrigeration & air-conditioning sector has spent significantly in research & development to identify 

replacement refrigerants with a 0% ozone depletion potential (ODP)[5]. As a consequence of these efforts, 

HFC134a has been successfully produced & used in car air conditioners (MACs) over the last decade[6]. 

HFC134a has a comparable condensing pressure & performance to CFC12[7]. Global warming has lately 

emerged as one of the most urgent problems facing mankind, prompting the 1997 proposal of the Kyoto 

Protocol to control greenhouse gases, including HFCs[8]. As a consequence, HFC134a is now classified as a 

controlled greenhouse gas[9]. HFC134a has a 1430-degree global warming potential (GWP)[10]. As a result, it 

should be phased out in the near future in favor of an eco-friendlier refrigerant. Indeed, since 2011[11], the EU 

F-Gases Regulation & MAC regulation have banned the use of HFC134a in the MACs of newly produced cars 

for environmental reasons. The same MAC regulation expressly prohibits the use of fluorinated greenhouse 

gases having a global warming potential (GWP) greater than 150. R1234yf has been suggested as a potential 

replacement refrigerant for HFC134a [12]. R1234yf has no ozone depletion potential (ODP) & a good Life 

Cycle Climate Performance when compared to HFC134a (LCCP) [13]. R1234yf has a 100-year GWP of 4[14] 

& thus complies with EU regulations. In most of refrigeration systems, condensers are essential for the 

thermodynamics cycle. Condensation process on the outside of tubes is applied in shell & tube condensers 

where cooling fluid flows inside tubes. Thus, it is essential to provide wide range of experimental data for the 
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refrigerant R1234yf to be successfully applied as alternative to the refrigerant R134a in shell & tube 

condensers[15]. The goal of this paper is to experimentally investigate external condensing HTC of R1234yf on 

LFT2. For the latter, the enhancement in heat transfer is estimated in comparison to condensation on plain tube 

of the same diameter. 

Experimental facility 

External condensing HTCs of R1234yf & HFC134a were determined using a standard tube & 2 LFTs with 984 

fins per meter (25 fins\in ). The LFTs differ in fin height & fin thickness. All the tubes were made of brass & 

have an 22 mm outer diameter & a heat transfer length of 1 m. The condensing pressure was set to be 7.5, 8, 

8.5, & 9 bar. The experimental apparatus mainly consisted of a refrigerant system & cooling water system as 

depicted in Figure 1. The refrigerant & cooling water loops make up the facility. The test section was supplied 

with refrigerant vapor generated by a 500W immersed heater in the evaporator near the apparatus's base. The 

connecting hose was used to introduce the vapor into the main test area. The vapor condensed on the outside of 

the tested tube while cooling water flowed inside it. 

The condensate drops by gravity to the bottom & accumulates in the evaporator. The water cooler supplied the 

cooling water for the test section. The main test section was a stainless steel pipe with an inside diameter of 

1.524 m (6 inches) & a length of 1000 mm, with a see-through window in the center to view the condensation 

process. The test section had flanges on both ends to make mounting the test tube easier. Finally, the entire 

apparatus, including the test section, was well insulated to reduce heat loss to the environment. Vapor 

temperature in the main examination section & vapor pressure were measured by a temperature gauge of 0.9  

accuracy & a pressure gauge of 0.9% accuracy. A mass flow meter with 0.2 % accuracy & a 2 of NTC 

thermistors with 0.5   fixed error were used to measure the cooling water inlet & outlet temperatures.  For 

calculation condensation HTCs the heat transfer rate (Q) is determined by: 

   ̇       (           )    (1) 

 

Where   is the total heat transfer rate,  ̇   is water mass flow rate,      is the specific heat of water         

water outlet temperature, &           water inlet temperature. 

The overall heat transfer coefficients of the tubes are calculated by using the following equation. 

  
 

        
 (2) 

 

where      is the external surface area of the tube as indicated by its external diameter, & LMTD is the log-

mean temperature difference, which is defined as follows: 
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where    the temperature at which refrigerant vapor is saturated. The exterior condensing heat transfer 

coefficient is decoupled from the total thermal resistance in this study: 
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In this equation,     
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 , the thermal resistance of tube wall.  

The water side heat transfer coefficient was determined from the Dittus & Boelter correlation[16] (Eq. 5),  
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HTCs can be determined by  

   (
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Finally, Eq. 8 was used to get the nominal outer surface's mean temperature. 

      
 

    
                                                                                                                                                           (8) 

 

&, as a result, the wall subcooling was established. 

                                                                                                                                                                                                                   (9) 

 

 

Figure 1. Illustrates the experimental equipment schematically. 

For all tubes examined, the area in Eq. was calculated using the nominal area based on the outer diameter (1). 

The simple tube's parameters are shown in Table 1. & Finned tubes used in this work & Fig 2. shows image of 

LFTs. 

Table 1. Specifications of the tested tubes. 

Tube 

type 

Outside Diameter 

(mm) 

Fin Height 

(mm) 

Fin Thickness 

(mm) 

Fin Pitch 

(mm) 

Fins/meter 

(Fins/inch) 

Plain 22 _ _ _ _ 

LFT1 22 1 0.6 1 984 (25) 

LFT2 22 1.4 0.25 1 984 (25) 
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a-LFT1 b-LFT2 

Figure 2. Finned tubes (a)LFT1 & (b)LFT2 

RESULT AND DISCUSSION 

In this research, external condensation HTCs of HFC134a & R1234yf were measured on a plain, & two 

different low-fin tubes (LFT1 & LFT2) at a condensing Tempe of 7.5, 8, 8.5, & 9 bar. The flow rate of water 

flow rate was varied by 20,40, 60, & 80l/h respectively. Inlet water temperature ranges between 19 & 21°C.  

Verification of the experimental setup 

The following equation is used to calculate the condensing heat transfer coefficient of pure vapor outside 

horizontal plain tubes, according to the Nusselt analytical solution for vapor laminar layer condensation[17]. 

              (
     (     )     

 

        
)
   

     (10) 

 

Outside a simple tube, the condensing heat transfer is independent of the tube material. as shown by the above 

equation. It can be predicted by tube dimensions, physical properties of the condensing fluid, & the temperature 

difference between the wall & the vapor. 

Fig 3. illustrates a comparison of anticipated & measured heat transfer coefficients for plain tube. Fig (3.a) 

shows HTCs as a function of heat flux. Experimental & prediction values with R134a as working fluid at 

condensing pressure of 7.5 & 8 bar with volumetric flow rates of (20, 60, & 80) l/h. The predicted values of 

HTC have a high degree of agreement with experimental values within MAPD=2%. The HTC decreases with 

increasing the heat flux. This is because the increase in condensate layer on the tube surface. This condensate 

layer represents an additional thermal resistance causes a reduction in the HTC. Fig (3.b) shows HTCs & heat 

flux for Nusselt & experimental data. The experimental values & the prediction result for HTC are extremely 

close within MAPD 2.7%. This shows that the experimental setup is appropriate for achieving further 

measurements on finned tubes. 
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Figure 3. Comparison between predicted data & experimental data for (a) R134a & (b) R1234yf. 

Experimental result of the fin tubes  

Fig 4demonstrates the relationship between the total heat transfer coefficients & the cooling water temperature. 

volumetric flow rate for LFT2 with different vapor pressures. For R134a, overall HTCs as a function of LMTD 

with condensing pressure of 7.5 & 8 bar are shown in Fig (4.a). At each pressure, the volumetric flow rate was 

set to be 20, 40,60, & 80 l/h. For the refrigerant R1234yf, three condensing pressures (8, 8.5, & 9) bar & flow 

rates of 20, 60, & 80 l/h volumetric flow rate are varied as shown in Fig (4.b). This figure shows that U 

increases with the increase in the LMTD. The condensing pressure has an unclear effect on the result. Previous 

studies show that the condensing pressure has insignificant effect on the heat transfer performance[18][11]. 
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Figure 4. Overall HTCs as a function of LMTD for (a) R134a & (b) R1234yf. 

Figure 5 shows HTCs with heat flux.  R134a as working fluid & condensing pressure of 7.5 & 8 bar as shown 

in Fig (5.a) & R1234yf as working fluid with 8, 8.5, & 9bar condensing pressure as shown in  Fig (5.b). For 

both refrigerants, the HTC decreases with increasing the heat flux. This is due to the augmentation in the 

condensate layer on the tube as mentioned earlier. This result agrees with previous studies for finned 

tubes[19][6][11][7][20][21]. It can be also seen that the condensing pressure has unclear effect on the HTC.  
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Figure 5. HTCs as a function of heat flux for (a) R134a & (b) R1234yf. 

Fig (6.a) Show a comparison between two different low-fin tubes with R134a as working fluid & constant 

condensing pressure 8 bar. HTCs of LFT2 with fin height 1.4mm is higher than LFT1of fin height 1mm 

because The addition of fins seems to retard the development of sheet mode condensation. 

Fig (6.b) show a comparison between R134a & R1234 on LFT2 & constant condensing pressure 8 bar. The 

refrigerant R134a resulted in higher HTC than R1234yf. 
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Figure 6. Comparison between (a) LFT2 & LFT1 with R134a as working fluid & (b) R134a & R1234yf on 

LFT2. 

Enhancement by using finned tubes 

Fig (7. a) show comparison between LFT2 & plain tube with R134a & condensing pressure of 7.5 & 8 bar with 

20, 40, 60, & 80 volumetric flow rate for each tube. pronounced enhancement can be seen at low heat flux. Fig 

(7.b) show comparison between LFT (2) & plain tube with R1234yf & 8, 8.5, & 9 bar condensing pressure at 

20, 60, & 80 l/h volumetric flow rate for each tube. Also, the enhancement in HTC increases with the increase 

in the heat flux.  For the refrigerant R1234yf, an enhancement in HTC of about 10 times is obtained using the 

finned tubes compared to plain tubes as shown in figure (7.b) & 9 times for R134a as shown in figure (7.a) 
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Figure 7. Comparison between plain & LFT2 for (a) R134a & (b) R1234yf. 

Comparison between experimental result & predicted model for condensation HTCs  

Fig 8. Shows the predicted data with experimental data for low-fin tubes. R134a with LFT1 & LFT2 at 7.5 & 8 

bar for each tube & R1234yf with LFT2 & 8, 8.5, & 9bar. In Fig (8.a) the predicted HTCs deviate in average 

from the experimental data by about 65% compared to Yau et al. [1]. In addition, in Fig (8.b) the predicted data 

using Murata et al.  [2]deviate in average from the experimental data by 30%. It can be seen that published 

prediction models may be inappropriate for the new refrigerant R1234yf & they should be upgraded to the 

thermos-physical properties of the new refrigerant. 

20000 40000 60000

20000

40000

60000

 R1234yf,LFT(2),Psat=8bar

 R1234yf,LFT(2),Psat=8.5bar

 R1234yf,LFT(2),Psat=9bar

 R134a,LFT(2),Psat=7.5bar

 R134a,LFT(2),Psat=8bar

 R134a,LFT(1),Psat=7.5bar

 R134a,LFT(1),Psat=8bar

h
o

,p
re

d
 (

w
/m

².
Ċ

)

ho,exp (w/m².Ċ)

(a) Briggs and Rosemodel 

 

Figure 8. Comparison between predicted data & experimental data for finned tubes. The predicted HTCs were 

determined using the models of (a) Briggs & Rose [1] & (b) Murata & Hashizume [2]. 

CONCLUSION 

1. The Nusselt model for horizontal tube film condensation predicts condensation HTCs of R134a & R1234yf 

on plain brass tubes with MAPD 2% for R134a & 2.7% for R1234yf. The experimental result demonstrate 

that the Nusselt model can be used to estimate the condensation HTC of R134a & R1234yf on these kinds 

of tubes 

2. Overall HTCs U increased with an increase in LMTD.  

3. HTCs reduced as the heat flow increased. 

4. For the refrigerant R1234yf with the tested finned tubes, an enhancement in HTC of about 10 times was 

obtained compared to plain tubes & about 9 times for the refrigerant R134a. 

5. The refrigerant R134a resulted in higher HTC than R1234yf for finned tube with fin height 1.4mm. 
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6. With R134a as working fluid HTCs of LFT2 higher than LFT1. 

7. In comparison to the experimental values for low- fin tubes, the MAPD of predicted results for HTCs is 

65%  & 30%. 
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