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ABSTRACT 
 

The mini channel is used widely in industrial applications. The application 
includes a heat exchanger device, as a part of a cooling system or as a reactant 
transport channel. However, unlike the pressure drop determination of a 
piping network, where the loss coefficient values for the bends and fittings are 
available, similar cannot be done for the mini channel. The loss coefficient 
values for the channel are rarely determined and reported. The aim of this 
study is to propose a correlation for the prediction of total pressure drop in a 
mini channel resulting from the loss coefficient. The results were compared 
against a numerical simulation. A 42 mm x 50 mm pin type mini channel was 
used as the sample of the study. The fluid was hydrogen. The flow regime was 
kept as laminar. The numerical simulation was performed on the whole active 
area. The correlation was calculated using the loss coefficient values of bends 
that were determined beforehand. Three correlations were proposed. 
Statistical values were used as the comparison parameters. Based on the 
results, an almost similar pressure drop was predicted by correlation III (diff. 
mean ± SD = 0.005 ± 0.006 kPa). The correlation I and correlation II were 
not able to predict the expected results at all. The results were from a low 
Reynolds (range of Re < 200) number. In general, the correlation proposed 
successfully predicted the pressure drop in a pin-type mini channel using the 
loss coefficient value of the individual bends. 
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Introduction 
 
In recent years, small channels are used widely in the industry such as in 
electronics [1][2], fuel cells [3][4], and electric vehicle batteries [5][6]. The 
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usage includes as a heat transfer device, reactant transport channel, or as a part 
of a cooling system. A mini channel is a channel with a very small diameter. 
An existing paper in [7][8] proposed the classification of these types of 
channels. The channel was classified into mini (200 µm ≥ Dh > 3000 µm) 
channel based on the hydraulic diameter size, 𝐷!. 

In most cases, there are two factors affecting the value of pressure drop 
in a mini channel. The friction factor and the loss coefficient value. The friction 
factor is influenced by material roughness. This restricts the fluid from 
flowing. The loss coefficient, k is caused by the bends, fittings, and the change 
of dimension within the system. A study by [9], concluded that at low 
Reynold’s number, the mini channel has a similar friction factor with the 
conventional theory. Studies by [10][11] stated that friction factor was 
dependent on the channel aspect ratio. The long-wetted channel perimeter and 
small 𝐷! usually have a high-pressure drop. In addition, a proper evaluation  
𝐷! is important to ensure a valid friction factor value. Paper by [12], pointed 
out that friction factor is strongly related towards the 𝐷!. Meanwhile, the loss 
coefficient, k is influenced by the geometrical parameter. The abrupt change 
of flow contributed to the pressure drop. This is true for the circular piping 
network. However, the contribution of these losses on the mini channel is 
rarely determined and emphasized. Most of the studies were focused on the 
total pressure drop.  

Determination of pressure drop for a mini channel is not an easy task. 
In a normal case, complete experimentation or simulation needs to be 
conducted. In contrast, a pump engineer, for example, is able to estimate the 
pressure drop of a circular piping network using Bernoulli’s equation. Apart 
from the friction factor, the loss coefficient, k was also tabulated. The tables 
are widely available [13][14]. The values were extensively determined 
[15][16]. However, a similar estimation cannot be done for the mini channel. 
The loss coefficient, k is rarely determined and reported.  In addition, limited 
study has determined or proved that the pressure drop of a mini channel is able 
to be estimated using such a method.  

In this study, the authors are trying to fill the gap stated above. A pin-
type flow channel was used as the sample of the study. The results from a 
numerical analysis were compared with the conventional calculation method. 
Initially, the loss coefficient values of each bend were determined. Three 
correlations were proposed. 
 
    
Methodology 
 
Test sample 
A pin-type flow channel was used as the test sample. The test sample selected 
was based on an industrial fuel cell. A pin-type flow channel has a network of 
series and parallel flow paths. The active area is 42 mm x 50 mm. The channel 
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width and height are 2 mm x 2 mm respectively. There are a total of 110 pins 
with a dimension of 2 mm x 2 mm each.  Figure 1 shows the schematic diagram 
of the pin-type mini channel used. As seen, the channel has a combination of 
square pins and bends sections.   
 

  
(a) (b) 

 
Figure 1: A pin type mini channel where (a) the test sample and (b) the 

structured grid setup used. 
 
Physical properties and operating parameters 
The fluid analyzed was hydrogen. The temperature was assumed at 20 °C. 
Table 1 shows the physical properties and the operating parameters used. 
Based on the fluid temperature, the density and the dynamic viscosity were 
0.084 kg/m3 and 8.805 x 10-6 kg/m.s. The flow was kept laminar. The operating 
pressure was set as atmospheric.  
 

Table 1: Physical properties and operating parameters 
 

Parameter Value Unit 
Operating pressure, P 101325 Pa 
Density, ρ 0.084382 kg.m-3 

Dynamic viscosity, μ 8.8054 x 10-6 kg/m.s 
Reynolds number, Re Laminar - 
Operating temperature, T 20 °C 
Cell active area, A 40x50 mm2 

*The wall was assumed to be smooth. The calculations carried out under the 
pressure-velocity coupling 

 
 
Numerical solution 
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A numerical simulation was carried out on the test sample. A structured grid 
setup was used. Prior to the simulation, a grid independence study was 
performed. At least 10 grids per minimum length with a growth rate of 1.2 
were applied. The number of grids was increased accordingly to eliminate the 
effect of geometry discretization. The outlet velocity was observed for 
consistency. This is vital to ensure the accuracy of results. Proper boundary 
conditions were set. The model chosen was based on the standard laminar flow. 
The inlet boundary was set based on the Reynolds (2 < Re < 1000) number. 
Analyses were ended if the loss coefficient values were becoming constant. 
Velocity inlet was set at the inlet boundary. At the outlet, the pressure was kept 
atmospheric. This is similar to the setup by [16] where uniform velocity 
distribution was prescribed at the inlet and average static pressure at the outlet.  
In contrast with the study by [5], the heat transfer was neglected, therefore, the 
energy equation was not considered. SIMPLE algorithm was used [17]. The 
governing equations are mass conservation and the conservation of 
momentum. The equations are as the following:  
Mass conservation equation: 
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Momentum conservation equation: 
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where i = 1, 2, 3 etc. In this case, Ui is the component of velocity in the i-
direction, P is the static pressure, ρ and v are the fluid density and kinematics 
viscosity, respectively. The model constants were not altered, and the default 
standards were used. The wall was assumed to be smooth. A no-slip condition 
was applied to the wall boundaries. The calculations were carried out under 
the velocity-pressure coupling. The total pressure of the inlet and the outlet 
were the main parameters observed. 
 
Computation of proposed correlations 
Three correlations were proposed. The correlation I, correlation II, and 
correlation III. Table 2 shows the individual bends that were involved with the 
computation.  The correlation I assumed the loss coefficient was based on a 
square pin in a straight channel. The total value was determined by multiplying 
the k value by the number of pins. Correlation II assumed the loss coefficient 
was based on a square pin in a z channel. The value was also a sum of the 
number of pins. Correlation III was based on the individual bends within the 
pin-type channel. A total of 19 tee branch ends, 110 tee branch entrances, 2 of 
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the 900 sharp edges, and 1 tee branch exit bends were considered. 
Subsequently, the pressure drop was calculated using Bernoulli’s equation. 
The comparison of these values against the simulation is shown in Table 3.  

 
Table 2: The individual bends that were estimated 

 
Bends Geometry 

Pin in straight channel 
 
ka 

 

Pin in z-geometry 
  
kb 
 

Tee branch entrance 
 

kc  
 

Tee branch end 
 

kd 
 

Tee branch exit 
 

ke 
 

900 sharp edge 
 

kf 
 

 
The total loss coefficient, kT of each correlation was calculated. The equation 
is used as the following: 
The correlation I equation: 
 
											3𝑘$ = 110𝑘%																																																																																														(3)	
 
Correlation II equation: 
 
										3𝑘$ = 110𝑘&																																																																																															(4)	
 
Correlation III equation: 
 
							3𝑘$ = 19𝑘' + 110𝑘( + 2𝑘) + 𝑘*																																																													(5)	
 
Therefore, the losses were estimated by: 
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													ℎ+ =
∑𝑘$ 𝑣,

2𝑔 																																																																																																(6)	

 
where the 𝑣 is the average velocity within the channel. 
 
 
Results 
 
Validation 
Validation was performed against an existing work [18]. Figure 2 shows the 
results from the comparison. The geometry used was a 90° sharp edge bend 
channel with a rectangular hydraulic diameter. The hydraulic diameter, Dh was 
1 mm. A similar trend was observed in the present work. The loss coefficient, 
k decreased with the increase of Reynolds number. The error was reduced at a 
larger Reynold’s number. Both results were in good agreement. 
 

 
 

Figure 2: Comparison between the present and the existing work. 
 
Loss coefficient, k for the individual bends 
The numerical simulation on the individual bends produced a series of loss 
coefficients, k values. The values are varied based on the Reynolds number. 
The values were found by comparing the results from two corresponding 
channels. As an example, take the pin in z. Two channels were analyzed, a pin 
in a z channel and a z channel without the pin. Theoretically, the smaller 
pressure drop is expected by the z channel. This is because of the absence of 
the pin. Meanwhile, the larger pressure drop is expected by the pin in the z 
channel. Subtracting between both values, produced the net loss coefficient 
values, k for the pin. The calculation was continued at different Reynolds 
numbers. A similar approach was performed to find the loss coefficients at 
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different geometry. Subsequently, the pressure drop of the proposed 
correlations was determined. In order to achieve this, the information from the 
tabulated data was referred to. Interpolation should be used when necessary. 
 
Results of the proposed correlations against the simulation data 
The results from the proposed correlations were compared against the 
simulation data. The three correlations together with the simulation data 
recorded similar friction factors. Similar to the study by [19], the trend 
decreased with the increase of Reynolds number. As mentioned, the channels 
were assumed to be smooth. The effect of surface roughness was not 
considered. In contrast with the research by [20], the friction factor was solely 
contributed by the channel cross-sectional area. This was intentional to 
eliminate the effect of the major loss. As the major loss is constant, the effect 
of the loss coefficient can be observed. In addition, horizontal orientation was 
assumed. The previous study by [21], shows that a channel with a vertical 
orientation contributed towards the sum of pressure drop.  
 

 
 

Figure 3: Loss coefficient values for Correlation I, II and III. 

Reynolds Number, Re 
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Figure 4: Pressure drop for Correlation I, II and III. 
 

 Figure 3 shows the comparison of the loss coefficient. The values of all 
three correlations decreased with the increase of Reynold’s number. 
Simulation data recorded a similar trend. Almost similar loss coefficient values 
were predicted by correlation III. The correlation I and correlation II were not 
able to predict the loss coefficient result at all. Figure 4 shows the comparison 
of the pressure drop. A descriptive statistical analysis was performed as shown 
in Table 3. The pressure drops of correlation I (mean ± SD = 0.044 ± 0.034 
kPa), correlation II (mean ± SD = 0.043 ± 0.034 kPa) and correlation III (mean 
± SD = 0.091 ± 0.070 kPa) increased with the increase of Reynolds number. 
Simulation (mean ± SD = 0.094 ± 0.077 kPa) data recorded a similar trend. As 
expected from the results of the loss coefficient, only correlation III (diff. mean 
± SD = 0.005 ± 0.006 kPa) successfully predicted the pressure drop.  

 
Table 3: Descriptive difference of the proposed correlations 

 

Rater Difference   
mean±SD % mean difference SD as CV% 

Correlation I 0.050±0.042 53.5 45.7 
Correlation II 0.049±0.042  53.1 45.3 
Correlation III 0.005±0.006 5.41 6.63 

 
Correlation I (diff. mean ± SD = 0.050 ± 0.042 kPa) and correlation II 

(diff. mean ± SD = 0.049 ± 0.042 kPa) failed to do the same. Contrary to the 
other two correlations, Correlation III considers all bends. Thus, it produced 
better predictions. 
 
 

Reynolds Number, Re 
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Conclusion 
 
The aim was satisfied and achieved. A correlation was proposed. Correlation 
III produced almost similar results with the pin-type channel. The tabulated 
data from each bend and fittings were valid. The authors successfully proved 
that the mini channel can be estimated conventionally. 
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