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ABSTRACT 

Various experiments about the pressure drop of two-phase flow boiling in a mini channel tube have been carried out. In addition to 
obtaining data on the experimental pressure drop, many researchers compare their experimental data and even add the data from 
the other researchers with existing correlations. The main objective of this study is to obtain the pressure drop experimental data 
and characteristics of two-phase flow boiling using refrigerant R290, where the experiment used a horizontal mini channel tube 
made of stainless steel with an inner diameter of 3 mm, a hydraulic diameter of 2 mm, and a length of 2 m. In this experiment, the 
data were varied from the mass flux of 50 kg/m2s to 180 kg/m2s, and heat flux of 5 kW/m2 to 20 kW/m2, while the value of vapor 
qualities was 0.1 to 0.9. The experimental data are then predicted with several homogeneous and separated method pressure drop 
correlations. The result of the pressure drop value most accurate with Li and Hibiki correlation with 13.53% as a deviation with the 
condition the saturation temperature is varied from 9.5 to 8.7 0C and a constant mass flux of 169.85 kg/m2s, and the deviation of 
11.48% with the condition the saturation temperature is varied from 9.97 to 9.58 0C and a constant mass flux of 101.43 kg/m2s. 
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1. Introduction 
 

A study of tube flow is not spared by discussing the pressure drop where it can affect the 
increased energy required to circulate the fluid that can potentially damage the tube. Pressure drop 
occurs in a flowing stream, in a two-phase flow in a horizontal tube. According to Ghiaasiaan et al. 
[1], the measurement and correlation of frictional pressure drop in small channels are difficult for 
the following reason, first, there is uncertainty with wall roughness as known as unknown roughness 
characteristics and to channel geometry. Then the second reason, there is uncertainty with the 
entrance and the exit pressure losses where the experimental data of two-phase pressure losses 
caused contraction as minor losses.  

The third reason is laminar flow in mini and microchannels likely to occur but rarely in large 
channels, there are a few methods and correlations that are based on large-channel data for laminar 
flow conditions. The last reason why the correlation of pressure drop in a mini channel more difficult 
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is the uncertainty concerning to the magnitude of different pressure drop components, particularly 
on acceleration only the total variations of pressure can be measured.  

There are many published studies on pressure drop [2-10]. Lee et al. [11] and Bashar et al. [12] 
stated that the characteristics of pressure drop with fixed mass flux experienced a greater 
improvement in small diameter tube due to friction. While increasing saturation temperature would 
decrease of pressure drop [13]. Padilla et al. [14] and Qu et al. [15] also observed that pressure drop 
was increased slightly in the low vapor quality region and linearly for different mass flux.  

The natural refrigerant has a great role in the technology of the cooling system. This study used 
R290 or propane as the working fluid which only several researchers who used the mini channel tube 
and R290 as the working fluid in their research. R290 has zero Ozone Depletion Potential (ODP) value 
and low Global Warming Potential (GWP) value that is not cause harm to the atmosphere or 
environment, R290 also gives lower discharge temperature which is important for compressor and 
refrigerant mass flow rate by 50 % and has a higher cooling capacity compared to R22 [16-17]. 

The main objective of this study is to obtain the pressure drop experimental data and 
characteristics of two-phase flow boiling using refrigerant R290, while there are only a few 
researchers who used the mini channel tube and R290 as the working fluid. The experimental data 
then predicted with several homogeneous and separated method pressure drop correlations, so it 
can be known which correlation has the best prediction is. 
 
2. Methodology  
2.1 Experimental Set Up 

 
The experimental set up on this study shown in Figure 1. The experimental components consist 

of a condenser, sub-cooler, receiver, refrigerant pump, mass flow meter, heater, and a test section. 
The mass flow rate of the refrigerant is controlled by a needle valve and a Coriolis-type mass flow 
meter is installed to measure the mass flow rate of the refrigerant. A preheater is installed to control 
the mass quality of the refrigerant by heating or condensing it before entering the test section. The 
test section is a tube made of stainless steel with a smooth surface with an inner diameter of 3 mm, 
a hydraulic diameter of 2 mm and a length of 2 m. In this experiment, the data were varied from the 
mass flux of 50 kg/m2s to 180 kg/m2s and heat flux of 5 kW/m2 to 20 kW/m2, while the value of vapor 
qualities was 0.1 to 0.9. The sight glass with the same inner diameter as the test section is attached 
to the inlet and outlet for the refrigerant flow visualization. 

 
 
 
 
 
 
 
 
 
 
 
 
 

 
Fig. 1. Experimental set up 
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2.2 Two-phase frictional pressure gradient correlations 
 
Several homogeneous and separated method pressure drop correlations are used to predict the 

experimental data. All correlations used are modified from the fundamental of pressure drop 
correlations, which is adjusted to each author's research condition, there are various working fluid 
and diameter conditions. Park and Hrnjak [18] used a diameter of 6.1 mm and Kim and Mudawar [20] 
used a diameter of 0.3 - 5.35 mm, while Li and Hibiki [19], Hwang and Kim [21], and Bashar et al. [12] 
used the diameter smaller than 3 mm, which the values are still in the range of mini channel tube. 
The condition of mass flux and heat flux varied from 33 to 2738 kg/m2s and 5 to 500 kW/m2. The 
Two-phase frictional pressure gradient correlations for the homogeneous method and separated 
method are shown in table 1. 

 
3. Results and Discussion 
 

This experiment obtained the correlation comparison data using the homogeneous and 
separated method by varying the mass flux and heat flux from 50 kg/m2s to 180 kg/m2s and 5 kW/m2 
to 20 kW/m2, while the value of vapor qualities is from 0.1 to 0.9. All of existing correlations give the 
various due to different conditions. The correlation of Bashar et al. [12] used R134a and R1234yf as 
the working fluid and gave a deviation value of 50.3%. While Kim and Mudawar [20] used nine 
different working fluids and gave a deviation of 31.81%. The correlation of Park and Hrnjak [18] 
obtained a deviation of 43.93% with used R410a, R22, and CO2 as the working fluids, and the 
correlation of Hwang and Kim [21] gave a deviation of 24.46% where used R134a as a working fluid. 
Furthermore the correlation of Li and Hibiki [19] had a deviation of 19.46% where used nine different 
working fluids and known as the best correlation in predicting of the experimental data due the 
conditions used of R290 as the working fluid and diameter of 0.1 - 2.98 was confirmed in the range 
of mini channel tube. 
 
Table 1 
The Pressure Drop Correlation 

Auhor(s) Equation Condition 

Bashar et al. [12] 

(
𝑑𝑝

𝑑𝑧
) 𝐹 =  ∅𝑣

2  (
𝑑𝑝

𝑑𝑧
) 𝑣  and ∅𝑣

2 = 1 + 𝐶𝑋𝑡𝑡
𝑛 + 𝑋𝑡𝑡

2  

𝐶 = 21{(1 − exp (−0,28𝐵𝑜0,5)}{(1 − 0,45 exp(−0,02𝐹𝑟1,2))}  

𝑛 =  {1 − 0,87exp (−0,001𝐹𝑟)}𝐵𝑜  

 

Refrigerant : R134a and 
R1234yf 
Di : 2,14 mm 
G : 50 – 200 kg/m2s 
q : 5 – 15 kW/m2 

Park and Hrnjak [18] (
𝑑𝑃

𝑑𝑧
) 𝐹 = (

𝑑𝑃

𝑑𝑧
)

𝑙𝑜
(1 − 2𝑥)(1 − 𝑥)

1

3 + (
𝑑𝑃

𝑑𝑧
)

𝑣𝑜
 [2𝑥(1 − 𝑥)

1

3 +  𝑥3]  

(
𝑑𝑃

𝑑𝑧
)

𝑙𝑜
= 0,079 (

𝜇𝑓

𝐺𝐷
)

0,25

(
2𝐺2

𝐷𝜌𝑓

) 

(
𝑑𝑃

𝑑𝑧
)

𝑣𝑜
= 0,079 (

𝜇𝑔

𝐺𝐷
)

0,25

(
2𝐺2

𝐷𝜌𝑔

) 

 

Refrigerant : R410a, R22, 
and Co2 
Di : 6.1 mm 
G : 100 – 400 kg/m2s 
q : 5 – 15 kW/m2 
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Auhor(s) Equation Condition 

Li and Hibiki [19] 

(
dp

dz
) tp =  ∅l

2  (
dp

dz
) 𝑓 and ∅l

2 = 1 + 
c

x
+  

1

x2 

(
dp

dz
) l = f𝑓  

2G2(1−x)2

Dρ𝑓
 and (

dp

dz
) 𝑔 = f𝑔

2G2x2

Dρ𝑔
 

𝐶tt = 6,28Nμtp
0,14Retp

0,67x0,42 𝐶tv = 1,54Nμtp
0,14Retp

0,52x0,32  

𝐶vt = 245,5Nμtp
0,75Retp

0,35x0,54 𝐶𝑣𝑣 = 41,7Nμtp
0,66Retp

0,42x0,21  

 

Refrigerant : R22, R134a, 
R410A, R290, R744, 
R245fa, ammonia, 
nitrogen, and water 
Dh : 0.1 – 2.98 mm 
G : 50 – 950 kg/m2s 
q : 5 – 500 kW/m2 

Kim and Mudawar 
[20] (

𝑑𝑃

𝑑𝑧
) 𝐹 =  (

𝑑𝑃

𝑑𝑧
) 𝑓 ∅𝑓

2  and ∅f
2 = 1 + 

c

x
+  

1

x2 

𝑋2 =  
(𝑑𝑃

𝑑𝑧⁄ )𝑓

(𝑑𝑃
𝑑𝑧⁄ )𝑔

 , − (
𝑑𝑃

𝑑𝑧
) 𝑓 =  

2𝑓𝑓𝑣𝑓𝐺2(1−𝑥)2

𝐷ℎ
 

− (
𝑑𝑃

𝑑𝑧
) 𝑔 =  

2𝑓𝑔𝑣𝑔𝐺2𝑥2

𝐷ℎ
  

C= Cnon-boiling[1 + 60𝑊𝑒𝑓𝑜
0,32 (𝐵𝑜

𝑃𝐻

𝑃𝐹
)

0,78

] for, 𝑅𝑒𝑓  ≥ 2000 

C = Cnon-boiling [1 + 530𝑊𝑒𝑓𝑜
0,52 (𝐵𝑜

𝑃𝐻

𝑃𝐹
)

1,09

] for,𝑅𝑒𝑓 < 2000 

Refrigerant : R12, R134a 
R22, R245fa, R410A, FC-
72, ammonia, CO2, and 
water 
Dh : 0.349-5.35 mm 
G : 33 – 2738 kg/m2s 

Hwang and kim [21] 

(
𝑑𝑃

𝑑𝑧
) 𝐹 =  (

𝑑𝑃

𝑑𝑧
) 𝑓 ∅𝑓

2  and ∅f
2 = 1 + 

c

x
+  

1

x2 

𝐶 = 0,227𝑅𝑒𝑙
0,452𝑋−0,32𝑁𝑐𝑜𝑛𝑓

−0.82 𝑁𝑐𝑜𝑛𝑓 =  
√

𝜎

𝕘(𝜌𝑓−𝜌𝑔)

𝐷𝑖

⁄
  

 

Refrigerant : R134a 
Di = 0.244 mm, 0.430 mm, 
0.792 mm 
G : 140 – 950 kg/m2s 

 
Figure 2 shows the characteristic of the experimental pressure drop compared with the condition 

of mass flux 50 to 180 kg/m2s and heat flux 5 to 20 15 kW/m2. From this figure shows that the value 
of pressure gradient is raised with increasing the mass flux. 

 
 
 
 
 
 
 
 
 
 
 
 
 

 
Fig. 2. Characteristic of the R290 pressure drop at different mass flux at condition heat flux 5 to 20 kW/m2 
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The comparison between experimental and existing correlations pressure gradient of R290 at 
constant heat flux and several saturation temperatures is shown in Figure 3. Where the saturation 
temperature is varied from 9.5 to 8.7 0C and a constant mass flux of 169.85 kg/m2s. It can be seen 
that the pressure gradient increased with increasing the vapor quality. 

 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
Fig. 3. Comparison between experimental and existing correlations of R290 pressure gradient at the 
condition of saturation temperature 8.7 – 9.5 0C and mass flux 169.85 kg/m2s 

 
The correlation of Kim and Mudawar [20] provides a significant increasing pressure gradient at 

the vapor quality of 0.3, then continues to increase along with the value of the pressure gradient with 
the deviation of 37.32%. The correlation of Hwang and Kim [21] decreases at the vapor quality of 
0.55 before increased with the deviation of 41.98%. While the correlation of Bashar et al. [12] and 
Park and Hrnjak [18] increases with the increasing of vapor quality with the deviation 42.5% and 
39.98%. The correlation of Li and Hibiki [19] have a same trend Bashar et al. and Park and Hrnjak, but 
the values are related to the experimental data and the pressure gradient continues to increase with 
the vapor quality with the deviation of 13.53%. 

The comparison between experimental and existing correlations pressure gradient of R290 at 
constant heat flux and several saturation temperatures is shown in Figure 4. Where the saturation 
temperature is varied from 9.97 to 9.58 0C and a constant mass flux of 101.43 kg/m2s. It can be seen 
that the pressure gradient increased with increasing the vapor quality. 
The correlation of Li and Hibiki [19] provides an increasing pressure gradient with the deaviaton of 
11.48%, followed by the correlation of Kim and Mudawar [20] and Hwang and Kim [21] which have 
the same trend with the deviation of 19.11% and 22.83%. The correlation of Bashar et al. [12] and 
Park and Hrnjak [18] have a same trend and the pressure gradient continues to increase with the 
vapor quality with the deviation of 42.8% and 35.84%. 
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Fig. 4. Comparison between experimental and existing correlations of R290 pressure gradient at the condition 
of saturation temperature 9.97 – 9.58 0C and mass flux 101.43 kg/m2s 
 
4. Conclusions 
 

This study obtains the pressure drop experimental data and characteristics of two-phase flow 
boiling using refrigerant R290. The experimental data are then predicted with several homogeneous 
and separated method pressure drop correlations. Where all the existing correlation give various 
value. The correlation of Li and Hibiki is the most accurate with a deviation of 13.53% with the 
condition the saturation temperature is varied from 9.5 to 8.7 0C and a constant mass flux of 169.85 
kg/m2s, and the deviation of 11.48% with the condition the saturation temperature is varied from 
9.97 to 9.58 0C and a constant mass flux of 101.43 kg/m2s due to the use of R290 as the working fluid 
using and the diameter of 0.1 to 2.98 mm which is confirmed in the range of mini channel tube. 
Whereas the comparison between pressure gradient of R290 at the constant heat flux and several 
saturation temperatures, gives the result that the value increases with the increasing of vapor quality. 
The correlation of Kim and Mudawar provides the highest value for the pressure gradient. 

 
Acknowledgement 
This research is funded by International Research Collaboration Grant of Universitas Indonesia based 
on a letter agreement number NKB-1951/UN2.R3.1/HKP.05.00/2019 
 
References  
[1] Ghiaasiaan, S.M. Two-Phase Flow, Boiling, and Condensation: In Conventional and Miniature Systems. Cambridge 

University Press, 2017.  
[2] Yu, W, DM France, MW Wambsganss, and JR Hull. "Two-Phase Pressure Drop, Boiling Heat Transfer, and Critical 

Heat Flux to Water in a Small-Diameter Horizontal Tube." International Journal of Multiphase Flow 28, no. 6 (2002): 
927-41. https://doi.org/10.1016/S0301-9322(02)00019-8 

[3] Li, Wei, and Zan Wu. "Generalized Adiabatic Pressure Drop Correlations in Evaporative Micro/Mini-Channels." 
Experimental thermal and fluid science 35, no. 6 (2011): 866-72. https://doi.org/10.1016/S0301-9322(02)00019-8  

[4] Pfund, David, David Rector, Alireza Shekarriz, Aristotel Popescu, and James Welty. "Pressure Drop Measurements 
in a Microchannel." AIChE Journal 46, no. 8 (2000): 1496-507. https://doi.org/10.1002/aic.690460803 

[5] Müller-Steinhagen, Heck, and K Heck. "A Simple Friction Pressure Drop Correlation for Two-Phase Flow in Pipes." 
Chemical Engineering and Processing: Process Intensification 20, no. 6 (1986): 297-308. 
https://doi.org/10.1016/0255-2701(86)80008-3 

https://doi.org/10.1016/S0301-9322(02)00019-8
https://doi.org/10.1016/S0301-9322(02)00019-8
https://doi.org/10.1002/aic.690460803
https://doi.org/10.1016/0255-2701(86)80008-3


Journal of Advanced Research in Experimental Fluid Mechanics and Heat Transfer 

Volume 4, Issue 1 (2021) 1-7 

7 
 

[6]  Sun, Licheng, and Kaichiro Mishima. "Evaluation Analysis of Prediction Methods for Two-Phase Flow Pressure Drop 
in Mini-Channels." Paper presented at the International Conference on Nuclear Engineering, 2008. 
https://doi.org/10.1115/ICONE16-48210 

[7] Bowers, MB, and Issam Mudawar. "High Flux Boiling in Low Flow Rate, Low Pressure Drop Mini-Channel and Micro-
Channel Heat Sinks." International Journal of Heat and Mass Transfer 37, no. 2 (1994): 321-32. 
https://doi.org/10.1016/0017-9310(94)90103-1 

[8] Xie, XL, ZJ Liu, YL He, and WQ Tao. "Numerical Study of Laminar Heat Transfer and Pressure Drop Characteristics in 
a Water-Cooled Minichannel Heat Sink." Applied thermal engineering 29, no. 1 (2009): 64-74  

 https://doi.org/10.1016/j.applthermaleng.2008.02.002 
[9] Yu, W, DM France, MW Wambsganss, and JR Hull. "Two-Phase Pressure Drop, Boiling Heat Transfer, and Critical 

Heat Flux to Water in a Small-Diameter Horizontal Tube." International Journal of Multiphase Flow 28, no. 6 (2002): 
927-41. https://doi.org/10.1016/j.ijheatmasstransfer.2010.12.009 

[10] Zhang, W, T Hibiki, and K Mishima. "Correlations of Two-Phase Frictional Pressure Drop and Void Fraction in Mini-
Channel." International Journal of Heat and Mass Transfer 53, no. 1-3 (2010): 453-65. 
https://doi.org/10.1016/j.ijheatmasstransfer.2009.09.011  

[11] Lee, Han Ju, and Sang Yong Lee. "Pressure Drop Correlations for Two-Phase Flow within Horizontal Rectangular 
Channels with Small Heights." International journal of multiphase flow 27, no. 5 (2001): 783-96 

 https://doi.org/10.1016/S0301-9322(00)00050-1 
[12] Bashar, M Khairul, Keisuke Nakamura, Keishi Kariya, and Akio Miyara. "Development of a Correlation for Pressure 

Drop of Two-Phase Flow inside Horizontal Small Diameter Smooth and Microfin Tubes." International Journal of 
Refrigeration 119 (2020): 80-91. https://doi.org/10.1016/j.ijrefrig.2020.08.013 

[13] Rahman, M Mostaqur, Keishi Kariya, and Akio Miyara. "Comparison and Development of New Correlation for 
Adiabatic Two-Phase Pressure Drop of Refrigerant Flowing inside a Multiport Minichannel with and without Fins." 
international journal of refrigeration 82 (2017): 119-29. https://doi.org/10.1016/j.ijrefrig.2017.06.001 

[14] Padilla, Miguel, Rémi Revellin, Philippe Haberschill, Ahmed Bensafi, and Jocelyn Bonjour. "Flow Regimes and Two-
Phase Pressure Gradient in Horizontal Straight Tubes: Experimental Results for Hfo-1234yf, R-134a and R-410a." 
Experimental Thermal and Fluid Science 35, no. 6 (2011): 1113-26. 
https://doi.org/10.1016/j.expthermflusci.2011.03.006 

[15] Qu, Weilin, and Issam Mudawar. "Measurement and Prediction of Pressure Drop in Two-Phase Micro-Channel Heat 
Sinks." International Journal of Heat and Mass Transfer 46, no. 15 (2003): 2737-53. 

 https://doi.org/10.1016/S0017-9310(03)00044-9 
[16] Choudhari, CS, and SN Sapali. "Performance Investigation of Natural Refrigerant R290 as a Substitute to R22 in 

Refrigeration Systems." Energy Procedia 109 (2017): 346-52 
 https://doi.org/10.1016/j.egypro.2017.03.084 
[17] Aizuddin, Nik, Normah Mohd Ghazali, and Yushazaziah Mohd Yunos. "Analysis of Convective Boiling Heat Transfer 

Coefficient Correlation of R290." Jurnal Mekanikal 41, no. 1 (2018) 
[18] Park, CY, and PS Hrnjak. "Co2 and R410a Flow Boiling Heat Transfer, Pressure Drop, and Flow Pattern at Low 

Temperatures in a Horizontal Smooth Tube." International Journal of Refrigeration 30, no. 1 (2007): 166-78. 
 https://doi.org/10.1016/j.ijrefrig.2006.08.007 
[19] Li, Xuejiao, and Takashi Hibiki. "Frictional Pressure Drop Correlation for Two-Phase Flows in Mini and Micro Single-

Channels." International Journal of Multiphase Flow 90 (2017): 29-45. 
 https://doi.org/10.1016/j.ijmultiphaseflow.2016.12.003 
[20] Kim, Sung-Min, and Issam Mudawar. "Universal Approach to Predicting Two-Phase Frictional Pressure Drop for 

Mini/Micro-Channel Saturated Flow Boiling." International Journal of Heat and Mass Transfer 58, no. 1-2 (2013): 
718-34 

 https://doi.org/10.1016/j.ijheatmasstransfer.2012.11.045 
[21] Hwang, Yun Wook, and Min Soo Kim. "The Pressure Drop in Microtubes and the Correlation Development." 

International Journal of Heat and Mass Transfer 49, no. 11-12 (2006): 1804-12. 
 https://doi.org/10.1016/j.ijheatmasstransfer.2005.10.040 

https://doi.org/10.1115/ICONE16-48210
https://doi.org/10.1016/0017-9310(94)90103-1
https://doi.org/10.1016/j.applthermaleng.2008.02.002
https://doi.org/10.1016/j.ijheatmasstransfer.2010.12.009
https://doi.org/10.1016/j.ijheatmasstransfer.2009.09.011
https://doi.org/10.1016/S0301-9322(00)00050-1
https://doi.org/10.1016/j.ijrefrig.2020.08.013
https://doi.org/10.1016/j.ijrefrig.2017.06.001
https://doi.org/10.1016/j.expthermflusci.2011.03.006
https://doi.org/10.1016/S0017-9310(03)00044-9
https://doi.org/10.1016/j.egypro.2017.03.084
https://doi.org/10.1016/j.ijrefrig.2006.08.007
https://doi.org/10.1016/j.ijmultiphaseflow.2016.12.003
https://doi.org/10.1016/j.ijheatmasstransfer.2012.11.045
https://doi.org/10.1016/j.ijheatmasstransfer.2005.10.040

