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Abstract. This paper presents a computational study on hydrodynamic and heat transfer characteristics of the laminar flow inside a rectangular 
2D microchannel of height H, which includes a slim micro obstacle of height h and width w placed on the lower wall of the channel. The 
Reynolds number varies between 20 and 200. Three different values of height h and two different shapes of the slim obstacles: triangular and 
rectangular one, are considered. Thus, a total of 24 geometrical configurations of fluid flow are analyzed. Fluid flow equations are solved using 
the commercial CFD package of ADINA R&D, Inc. 9.1. Detailed analysis of the fluid velocity field and streamlines is carried out to investigate 
the flows in recirculation zone behind the obstacle. Results obtained show that the rectangular obstacle caused larger vortex formation in fluid 
flow. For flows with larger value of the (h/H ) ratio, an increase in the value of loss coefficient factors is observed. Meanwhile, the increased 
Reynolds number causes the vortex zone behind the rectangular obstacle to be larger than behind the triangular one.
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The microchannel obstacle is defined as an obstacle having 
a height greater than 6% of the microchannel, otherwise it is 
treated as a roughness, for example in [6‒8, 11, 13, 21, 26].

Microchannels with obstacles are widely used in heat ex-
changers, solar and geothermal heating systems, aviation, 
cooling systems for electronic devices, especially computer 
processors, micromixers as well as chemical and biological 
microsystems.

A number of investigators have explored the mechanisms 
of flow and heat transfer caused by obstacles mounted onto 
channel walls, depending on the size and geometry of the flow 
field, characterized by Reynolds Re number and the h/H – (ob-
stacle/channel) aspect ratio value. The aspect ratio value is 
defined as a quotient of obstacle height to the height of the 
channel.

Błoński et al. [4] studied fluid flow in a microchannel with 
a single obstacle numerically and experimentally. The results 
indicate that deformation of flow field in the microchannel was 
observed for fluid flow characterized by Re > 10.

Stogiannis et al. [24] presented numerical and experimental 
studies for fluid flow in microchannel with a single obstacle. 
Flows which alter obstacle geometry and Re were studied. The 
obstacles had different heights, i.e. h/H = 0.4 or h/H = 0.8, and 
width w/h = 16. Reynolds number varied from 100 to 1600. The 
results show that the length of the vortex zone back to the ob-
stacle depends on the value of the parameters mentioned above.

Seo et al. [20] investigated fluid flow in microchannels with 
obstacles of different shapes: rectangular, triangular and oval 
ones. The results showed that the triangular shape of the ob-
stacle had most influence on fluid and heat flow.

Baheri Islami et al. [2, 3] investigated two-dimensional flow 
of fluid in a microchannel with obstacles, for Re = 5; Re = 20 
and Re = 50 values, respectively. The obstacles had different 

1.	 Introduction

Thanks to miniaturization processes, microchannels are now used 
in cooling systems of many technical devices. Because of their 
small size, the flow inside them is laminar, which results in slow 
heat exchange. In order to intensify the heat exchange, the flow 
must be disturbed, for example by means of introducing obstacles.

The use of obstacles on the walls increases heat and mass 
transfer, as already discussed macrochannel literature [5, 9, 10, 
14, 15, 17, 25]. When moving the concept of obstacle into mi-
crochannels, it is important to know how the obstacle shape 
and its geometrical parameters will disturb the flow the most 
in microscale.

Obstacles on the wall disturb the flow and introduce vortex 
zones behind the obstacle. This is an important range of prob-
lems to be noted during the construction and operation of 
different micro devices (i.e. flow identification, temperature 
distribution, pressure loss, vortex zones), where the solution 
improves the device’s efficiency. In micro devices laminar flow 
very often occurs because the Reynolds number decreases with 
the reduction microchannel hydraulic diameter [23].

In the construction of micro-technical devices, microchan-
nels of different dimensions are used, depending on the area 
of applicability of the device. Usually the height of the micro-
channel is the smallest linear dimension. Channels with the 
smallest linear dimension, which is smaller than 1 mm and 
greater than 1 μm, are called microchannels [12, 22]. Channels 
with a larger size are called millichannels.
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heights and were characterized by different aspect ratios of 
h/H = 0.33; 0.5 and 0.66. The results showed that parame-
ters such as obstacle height and Reynolds number affect the 
length of the vortex zones behind the obstacles. Results from 
the above-mentioned papers concern obstacles for which value 
of aspect ratio w/h, which is defined as a quotient of obstacle 
width to height, by far exceeds the value of 1.

Kmiotek et al. [15] studied the influence of different geom-
etries of the obstacle. The influence of an obstacle of triangular 
and rectangular shape on water flow in two dimensional chan-
nels was checked. Reynolds number equaled 20. The numerical 
results on fluid flow in the microchannel where obstacles were 
mounted onto the wall show that it is strongly influenced by 
geometrical parameters of obstacle as well as by the shape and 
length of the vortex zones behind the obstacles.

A review of literature studies on flow properties in micro-
channels with obstacles mounted onto walls indicates that the 
presence of obstacles in microchannels during laminar flow of 
fluid causes additional fluid movement, which affects mass and 
heat transfer, indirectly increasing the efficiency of fluid heat 
transfer to the channel wall. The efficiency of flow systems 
such as heat exchangers depends on flow separation in internal 
flow caused by vortices formation at the back of each mounted 
obstacle. Almost all studies presented in the literature on the 
flow and heat transfer in microchannels with obstacles mounted 
onto the walls concern obstacles characterized by aspect ratio 
w/h ≥ 1. There are only a few papers devoted to investigating 
fluid flow through microchannels with slim obstacles, which 
are defined by parameter values of w/h < 0.5. Applicability of 
slim obstacles in microchannels is important for at least two 
reasons: material savings and possibility of flow disturbance 
control caused by slim obstacle movement, forced, for instance, 
by an external electric field [4, 18, 24].

This work presents systematic investigations of two-di-
mensional fluid flow in a microchannel with a mounted slim 
obstacle. We focus on the influence of geometric parameters 
characterizing a single slim obstacle on the recirculation zone 
back to the obstacle in a microchannel and heat transfer charac-
teristics. The problem is studied numerically. The influence of 
parametric changes in the obstacles’ geometry, shape and with 
different flow rates are examined to establish transfer funda-
mental effects and provide practical results. The influence of 
governing parameters on streamlines and length of the zone 
of recirculation back to the obstacle are also analyzed. How-

ever pressure drop is calculated, too. It is shown that specific 
choices of certain governing parameters, such as obstacle height 
or shape, can result in significant changes in flow field.

2.	 Problem formulation

Two-dimensional, steady, laminar fluid flow in a microchannel 
with the slim obstacle mounted onto the lower wall is consid-
ered (Fig. 1). Microchannels consist of two parallel plates of 
length L situated at distance H. Slim obstacle of height h and 
width w is placed inside the channel on the lower wall. The 
distance of the obstacle from the inlet of the channel is l. Steady, 
laminar flow enters the microchannel with uniform velocity V.

Fluid flow in microchannel can be described by equa-
tions representing the conservation laws of mass and heat 
transfer and the linear momentum. In the Cartesian coordinate 
system, this is written as:
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where p is the fluid pressure, ρ is the fluid density, µ is the 
fluid dynamic viscosity coefficient, v, u are components of the 
velocity vector V = (v, u), T stands for temperature and k is the 
thermal conductivity coefficient.

The problem of fluid flow and heat transfer in a micro-
channel with an obstacle of different shapes was considered. 
The microchannel geometry is shown in Fig. 1.

Boundary conditions along the entire solution domain must 
be specified.

Constant velocity and temperature is specified at the inlet to 
the channel while the stream rise gradients of the velocity com-
ponents at the outlet are assumed to be zero. Velocity satisfies 
non-slip conditions along the fluid/solid interfaces.

Fig. 1 Computational domain
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The applied boundary conditions are as follows:
1)	Inflow: x = 0, 0 ∙ y ∙ H, v = V, u = 0, T = Tin;
2)	Outflow: x = L, 0 ∙ y ∙ H;
3)	Non-slip velocity conditions at the wall, i.e.: y = 0, 

u = v = 0; y = H, u = v = 0;
4)	Non-slip velocity conditions at the obstacle, i.e.: u = 0, 

v = 0;
5)	Temperature at the walls and at the obstacle, i.e.: T = Tw;
Equations (1–4) were solved for the following parameter 

values: L = 0,008 m, H = 400 µm, l = 0,004 m, h = 100, 200 
and 300 µm, w = 10, 20 and 50 µm, Tin = 20°C, Tw = 60°C. 
Obstacles of different triangular or rectangular shapes were 
considered.

Fluid flow was characterized by the Reynolds number, 
which was defined as follows:

	 Re = 
ρVH
µ

� (5)

where ρ is fluid density and μ denotes the fluid dynamic vis-
cosity coefficient. The working fluid is water. The physical prop-
erties of water used in the calculations are: ρ = 998.3 kg/ m3, 
µ = 0.001 Pa ∙ s. The non-dimensional parameters’ values which 
characterize the geometry of the flow in the microchannel with 
an obstacle used in the calculations are presented in Table 1.

Table 1 
Obstacle parameter values 

No. h [µm] h/H w [µm] w/h

1 100 0.25 10 0.155
2 100 0.25 20 0.255
3 100 0.25 50 0.555
4 200 0.55 10 0.055
5 200 0.55 20 0.155
6 200 0.55 50 0.255
7 300 0.75 10 0.033
8 300 0.75 20 0.067
9 300 0.75 50 0.175

Heat transfer was characterized by the Nusselt number, 
which was defined as follows:

	 Nu = 
hxH

k
� (6)

where hx is the heat transfer coefficient and k is the thermal 
conductivity coefficient of the fluid.

The heat transfer coefficient is defined as

	 hx = 
qw

Tw ¡ Tf
    hx =  –k

∂T
∂n

Tf ¡ Tw
� (7)

where qw is the wall heat flux, Tw is wall temperature, Tf fluid 
temperature, and ∂T/∂n provides the temperature gradient com-
ponent normal for the wall.

3.	 Numerical solution and validation

Numerical calculations of flow field and heat transfer in the 
microchannels were performed for:
●	 nine different geometries of the flow field (characterized 

in Table 1),
●	 two different obstacle shapes: triangular and rectangular one,
●	 four Reynolds numbers: 20, 50,100, 200.

The governing equations (1–4) were solved numerically 
using the Adina CFD & FSI solver [1], which uses the finite el-
ement method. For the microchannels with triangular obstacles 
an unstructured mesh based on the 2D quadrilateral element and 
2D triangular grid elements, consisting of about 129 700 nodes 
and 128 000 elements, was created. For the microchannels with 
rectangular obstacles, a structured mesh based on the 2D quadri-
lateral element grid elements, consisting of about 80 361 nodes 
and 79 200 elements, is used. Besides, prior to performing the 
analysis, grid sensitivity analysis was performed. The value of 
the grid convergence index [19] was thus calculated.

	 GCI  = 
Fs

r p ¡ 1 j uh2 ¡ uh1

uh1
j ¢ 100� (8)

where Fs – the safety factor, Fs = 1.25 [18], uh1, uh2 – the chosen 
parameter (max. velocity in the x plane), h1, h2 – the number 
of finite elements for two types of grids, respectively, r – the 
density factor, p – the order of convergence, p = 2.

For a grid in which the length of the finite element was 
5 µm, a CGI of less than 0.1% was obtained.

The numerical model has been validated using the exper-
imental data obtained by use of the micro Particle Image Ve-
locimetry (µPIV) method to measure 2D velocity fields in the 
millichannels as in [4].

Based on the similarity rule of flows, a millichannel was 
designed (scale 5:1). An obstacle of height h = H/2, was placed 
on the lower wall. The obstacle was of a rectangular shape. The 
µPIV measurements of velocity field were performed at Reynolds 
number Re = 50. Velocity vector fields near the obstacle obtained 
from µPIV data and numerical calculations are outlined in Fig. 2. 

Fig. 2. Velocity vector field near obstacle, h/H = 0.5, Re = 50. 
a) µPIV data, b) numerical calculations
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The velocity profiles from µPIV data and numerical calcula-
tions are presented in Fig. 3. The results show good compati-
bility for numerical and experimental results. They differ by 
no more than 3%, where the difference between the experi-
mental data (de) and numerical data (dn) was defined as: 
100% (de ¡ dn)/dn.

Vorticity is measured by means of circulation, however, the 
vortex can be characterized by the length of the recirculation 
zone. This method was used by Zhao et al. [27] to characterize 
the vortex on the back of an obstacle, and we follow it in the 
present paper. The length of recirculation zone (denoted by dw) 
was identified as the distance from the obstacle to the vortex 
closure (Fig. 5). The recirculation zone aspect ratio dw /H was 
also calculated, i.e. the length of recirculation zone was divided 
by microchannel height H.

Figure 5 presents streamlines in the flow field past trian-
gular and rectangular obstacles. As expected, it can be clearly 
observed that the recirculation zone becomes longer with in-
creasing value of the obstacle height aspect ratio. The values 
calculated are as follows: for the rectangular obstacle: for 
h/H = 0.25 it is dw/H = 0.38, for h/H = 0.5 it is dw/H = 0.89, 
for h/H = 0.75 it is dw/H = 1.3 and for the triangular ob-
stacle: for h/H = 0.25 it is dw/H = 0.39, for h/H = 0.5 it is 
dw/H = 0.94, and for h/H = 0.75 it is dw/H = 1.3.

Fig. 4. Streamlines of water flows in microchannels with a rectangular 
(a, c, e) and triangular (b, d, f) obstacle, for Re = 20 a, b – h/H = 0.25; 

c, d – h/H = 0.5; e, f – h/H = 0.75

Fig. 3. Velocity profiles from μPIV data and from numerical calcula-
tions for the rectangular shape of obstacle, Re = 50
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4.	 Results an discussions

Calculations of the f low field were performed for various 
values of parameters listed in Table 1, for differing obstacle 
geometry:
●	 the obstacle height aspect ratio (h/H ) and the obstacle width 

aspect ratio (w/h), 
●	 various inlet velocity.

Moreover, the values of loss coefficient ξ for slim obstacles and 
heat transfer characteristics were calculated. 

4.1. Effect of obstacle height aspect ratio (h/H) on flow field. 
The water flow distributions in the microchannel with slim ob-
stacles were compared in order to visualize how their shapes 
influence the fluid field. The obstacle (triangular and rectan-
gular) with width w = 10 μm and the heights of aspect ratio 
h/H = 0.25, h/H = 0.5, h/H = 0.75 have been investigated. 
Figure 4 shows the representation of flow field streamlines for 
rectangular and triangular obstacles which were obtained for 
different values of the obstacle height aspect ratios. Differences 
in streamline contours for flows past the obstacles of rectan-
gular and triangular shape for Re = 20 and for the obstacle 
height aspect ratio h/H = 0.25, h/H = 0.5, h/H = 0.75 are 
observed. There is a recirculation zone behind the obstacles. 
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Results show that the recirculation zone length dw increases 
with obstacle height. However, for flows in the microchannel 
with the triangular obstacle, the recirculation zone length dw is 
longer than in the microchannel with the rectangular one.

4.2. Effect of obstacle width aspect ratio (w/h) on flow field. 
To investigate the effect of an obstacle width, the velocity pro-
files were outlined. The obstacle (triangular and rectangular) 
with height h = 0.5H and characterized by different values of the 
width aspect ratio, i.e. w/h = 0.05, w/h = 0.1, w/h = 0.5, were 
investigated. The flow in the channel at the inlet had a velocity 
of V = 0.05 m/s (Re = 20). Figure 6 shows the velocity pro-
files in five planes oriented perpendicularly to the microchannel 
walls situated as: x1 = l ¡ H, x2 = l, x3 = l + H, x4 = l + 2H, 
x5 = l + 3H, for three different values of the rectangular ob-
stacle width aspect ratio. The results show that flow separation 
depends massively on the obstacle width aspect ratio w/h. At dis-
tance x3 the water velocity profile deforms, loses symmetry, and 
the maximum velocity profile moves above half of the height of 
the microchannel. For ratio h/H = 0.5, the change in the width 
of the obstacle has no significant effect on the flow for distance 
x4. The length of recirculation zone dw decreases with obstacle 
width (for w/h = 0.025 it is dw/H = 0.38, for w/h = 0.05 it is 
dw/H = 0.35, for w/h = 0.125 it is dw/H = 0.33).

Results show that the effect of the obstacle width aspect 
ratio w/h for triangular and rectangular obstacles on flow field 
disturbance is much more apparent in the case of rectangular 
obstacles mounted on the microchannel wall. The reduced as-
pect ratio w/h increased the average flow velocity in microchan-
nels by 4% for w/h = 0.05 and by 8% for w/h = 0.1, versus 
w/h = 0.25. Increasing obstacle width aspect ratio w/h of the 
triangular obstacles decreases the mean flow velocity non-sig-
nificantly (up to 2% difference).

4.3. Effect of Reynolds number on the velocity field. In Fig. 7 
water velocity vectors in the microchannel are presented as 
depending on Reynolds number values, which varied from 20 
to 200. The obstacles (triangular and rectangular) with width 
w = 50 μm and the height aspect ratio h/H = 0.25 were taken 
into account.

Fig. 5. Length of the recirculation zone dw behind the rectangular (a, c, e) and triangular (b, d, f) obstacle, for Re = 20; a, b – h/H = 0.25; 
c, d – h/H = 0.5; e, f – h/H = 0.5

Fig. 6. Velocity profiles V of water flows in the microchannel with 
the rectangular obstacle, Re = 20; a – w/h = 0.05; b – w/h = 0.1; 
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The results show that the length of the recirculation zone dw 
increases with the increase of the Reynolds number. Calcula-
tions are shown for water flows in microchannels with a rect-
angular slim obstacle mounted on the wall: for Re = 20 it is 
dw/H = 0.33, for Re = 50 it is dw/H = 0.61, for Re = 100 it 
is dw/H = 1, and for Re = 200 it is dw/H = 1.53. For water 
flows in the microchannel with a triangular obstacle mounted 
on the wall results of calculations are as follows: for Re = 20 
it is dw/H = 0.33, for Re = 50 it is dw/H = 0.62, for Re = 100 
it is dw/H = 1, and for Re = 200 it is dw/H = 1.26. It was 
observed that for the Reynolds number Re = 200 the length of 
recirculation zone dw behind the rectangular obstacle is larger 
than for the triangular obstacle.

4.4. Loss coefficient ξ calculations for slim obstacles. Knowl-
edge of energy loss coefficients ξ is needed for the hydraulic 
flow systems calculations. Value of the loss coefficient depends 
on the type of obstacle and its geometry. The loss coefficient ξ 
value can be predicted as:

	 ξ  =  2∆P
ρV 2

� (9)

where: ∆P is the pressure drop and V stands for average fluid 
velocity in the microchannel.

According to experimental study [26], we calculated the 
values of loss coefficient ξ for slim obstacle depending on its 
geometry and shape from the following formula:

	 ξ  = 
2 ¢ [2 ¢ (p2 ¡ p3) ¡ (p1 ¡ p4)]

ρV 2
� (10)

where: V is average velocity in the microchannel, p1 ¡ p4 
– pressure values in the corresponding cross sections oriented 
perpendicularly to the microchannel walls situated at: p1 at 
a distance of 4H, p2 at a distance of 2H in front of the obstacle, 
p3 at a distance of 2H, and p4 at a distance of 4H behind the 
obstacle, respectively.

Values of the loss coefficient ξ were determined from for-
mula (10) for various geometries of rectangular and triangular 
slim obstacles and are presented in Table 2. The results show 
that the ξ value for the obstacle increases with the height of the 
obstacle. The increase in the width of the obstacle causes an 
increase in value of the loss factor ξ for both rectangular and 
triangular obstacles.

Table 2 
Values of the loss coefficient ξ for rectangular (Rr) and triangular 

(Tr) slim obstacles

h/H w/h ξ (Rr) ξ (Tr) 

0.25 0.100 01.20 01.10
0.25 0.200 01.18 01.10
0.25 0.500 01.28 01.09
0.50 0.050 07.08 07.08
0.50 0.100 07.11 07.11
0.50 0.250 07.37 06.98
0.75 0.033 44.91 45.84
0.75 0.067 44.69 45.66
0.75 0.170 47.04 45.08

4.5. Heat transfer characteristics. The heat transfer distributions 
in the microchannel with slim obstacles were compared in order 
to visualize how their shapes influence the temperature field. 
Figure 8 shows of the temperature fields in the microchannel 
with rectangular and triangular obstacles. They were obtained for 
different values of the obstacle height aspect ratios. Differences in 
temperature fields for flows past the obstacles of rectangular and 
triangular shape for Re = 20 and for the obstacle height aspect 
ratio h/H = 0.25, h/H = 0.5, h/H = 0.75 are observed.

Fig. 7. Velocity vector fields in microchannels with the rectangular ob-
stacle, w/h = 0.5, h/H = 0.25; a) Re = 20; b) Re = 50; c) Re = 100; 

d) Re = 200
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Figure  6. Velocity profiles V of water flows in microchannel  
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a) w/h = 0,05, b) w/h = 0,1, c w/h = 0,25 
perpendicularly to the microchannel walls situated as: 
x1=l-H, x2=l, x3=l+H, x4=l+2H, x5=l+3H, for three 
different values of rectangular obstacle width aspect ratio. 
The results show that the flow separation depends a lot on 
an obstacle width aspect ratio w/h.  At distance x3 the 
water velocity profile deforms, loses symmetry, and the 
maximum velocity profile moves above half of the height 
of the microchannel. For ratio h/H = 0.5 the change in the 
width of the obstacle has no significant effect on the flow 
for distance x4. The length of recirculation zone dw 
decreases with obstacle width (for w/h=0.025 is 
dw/H=0,38, for w/h = 0.05 is  dw /H=0,35, for w/h = 0.125 
is dw /H=0,33). 
Results show that the effect of the obstacle width aspect 
ratio w/h for triangular and rectangular obstacles on flow 
field disturbance is much more apparent in the case of 
arectangular obstacles mounted on the microchannel wall. 
The reduced aspect ratio w/h increased the average flow 
velocity in microchannels by 4% for w/h=0,05 and 8% for 
w/h=0,1 versus w/h=0,25. Increasing obstacle width 
aspect ratio w/h of the triangular obstacles decreases the 
mean flow velocity non significantly (up to 2% 
difference). 
 
4.3. Effect of the Reynolds number on the velocity field. 
In Fig. 7 water velocity vectors in the microchannel are 
depicted in dependence on Reynolds number values, which 
varied from 20 to 200. The obstacles (triangular and 
rectangular) with the width w = 50 μm and the height aspect 
ratio h/H=0.25, were taken into account.  
  Results shown, that the length of the recirculation zone                          
dw increases as Reynolds number increases. Calculation are 
shown for the water flows in microchannels with 

 
a) 

 
 

 

b) 

 
 

 

c) 

 
 

 

d) 

 
 

 

Figure 7. Velocity vector fields in microchannels with the 
rectangular obstacle, w/h = 0,5, h/H = 0,25, 

a) Re = 20, b) Re = 50, c) Re=100,  d) Re = 200 
rectangular slim obstacle mounted on the wall: for Re=20 
is dw /H=0,33, for Re=50 is dw /H=0,61, for Re=100 is 
dw/H=1, for Re=200 is  dw /H=1,53. For the water flows in 
microchannel with triangular obstacle mounted on the 
wall results of calculations are as follows: for Re=20 is dw 
/H=0,33, for Re=50 is dw /H=0,62, for Re=100 is dw /H=1, 
for Re=200 is dw /H=1,26. It was observed that for the 
Reynolds number Re=200 the length of recirculation zone 
dw behind the rectangular obstacle is larger than for the 
triangular obstacle. 
 

4.4. The loss coefficient ξ calculations for slim 
obstacles. For the hydraulic flow systems calculations 
knowledge of energy loss coefficients ξ is needed. The 
value of loss coefficient depends on the type of obstacle 
and its geometry. The loss coefficient ξ value can be 
predicted as: 

dw 
 
 
 
 
 
 
dw 
 
 
 
 
 
 
 
dw 
 

a) 
 
 
 
 
 
 
b) 
 
 
 
 
 
 
c) 

b)

5 

 
x1 x2 x3 x4 x5 

 
 

Figure  6. Velocity profiles V of water flows in microchannel  
with the rectangular obstacle, Re = 20 

a) w/h = 0,05, b) w/h = 0,1, c w/h = 0,25 
perpendicularly to the microchannel walls situated as: 
x1=l-H, x2=l, x3=l+H, x4=l+2H, x5=l+3H, for three 
different values of rectangular obstacle width aspect ratio. 
The results show that the flow separation depends a lot on 
an obstacle width aspect ratio w/h.  At distance x3 the 
water velocity profile deforms, loses symmetry, and the 
maximum velocity profile moves above half of the height 
of the microchannel. For ratio h/H = 0.5 the change in the 
width of the obstacle has no significant effect on the flow 
for distance x4. The length of recirculation zone dw 
decreases with obstacle width (for w/h=0.025 is 
dw/H=0,38, for w/h = 0.05 is  dw /H=0,35, for w/h = 0.125 
is dw /H=0,33). 
Results show that the effect of the obstacle width aspect 
ratio w/h for triangular and rectangular obstacles on flow 
field disturbance is much more apparent in the case of 
arectangular obstacles mounted on the microchannel wall. 
The reduced aspect ratio w/h increased the average flow 
velocity in microchannels by 4% for w/h=0,05 and 8% for 
w/h=0,1 versus w/h=0,25. Increasing obstacle width 
aspect ratio w/h of the triangular obstacles decreases the 
mean flow velocity non significantly (up to 2% 
difference). 
 
4.3. Effect of the Reynolds number on the velocity field. 
In Fig. 7 water velocity vectors in the microchannel are 
depicted in dependence on Reynolds number values, which 
varied from 20 to 200. The obstacles (triangular and 
rectangular) with the width w = 50 μm and the height aspect 
ratio h/H=0.25, were taken into account.  
  Results shown, that the length of the recirculation zone                          
dw increases as Reynolds number increases. Calculation are 
shown for the water flows in microchannels with 

 
a) 

 
 

 

b) 

 
 

 

c) 

 
 

 

d) 

 
 

 

Figure 7. Velocity vector fields in microchannels with the 
rectangular obstacle, w/h = 0,5, h/H = 0,25, 

a) Re = 20, b) Re = 50, c) Re=100,  d) Re = 200 
rectangular slim obstacle mounted on the wall: for Re=20 
is dw /H=0,33, for Re=50 is dw /H=0,61, for Re=100 is 
dw/H=1, for Re=200 is  dw /H=1,53. For the water flows in 
microchannel with triangular obstacle mounted on the 
wall results of calculations are as follows: for Re=20 is dw 
/H=0,33, for Re=50 is dw /H=0,62, for Re=100 is dw /H=1, 
for Re=200 is dw /H=1,26. It was observed that for the 
Reynolds number Re=200 the length of recirculation zone 
dw behind the rectangular obstacle is larger than for the 
triangular obstacle. 
 

4.4. The loss coefficient ξ calculations for slim 
obstacles. For the hydraulic flow systems calculations 
knowledge of energy loss coefficients ξ is needed. The 
value of loss coefficient depends on the type of obstacle 
and its geometry. The loss coefficient ξ value can be 
predicted as: 

dw 
 
 
 
 
 
 
dw 
 
 
 
 
 
 
 
dw 
 

a) 
 
 
 
 
 
 
b) 
 
 
 
 
 
 
c) 

0.21
0.23

0.18
0.15
0.12
0.09
0.06
0.03
0.0

V [m/s]

c)

5 

 
x1 x2 x3 x4 x5 

 
 

Figure  6. Velocity profiles V of water flows in microchannel  
with the rectangular obstacle, Re = 20 

a) w/h = 0,05, b) w/h = 0,1, c w/h = 0,25 
perpendicularly to the microchannel walls situated as: 
x1=l-H, x2=l, x3=l+H, x4=l+2H, x5=l+3H, for three 
different values of rectangular obstacle width aspect ratio. 
The results show that the flow separation depends a lot on 
an obstacle width aspect ratio w/h.  At distance x3 the 
water velocity profile deforms, loses symmetry, and the 
maximum velocity profile moves above half of the height 
of the microchannel. For ratio h/H = 0.5 the change in the 
width of the obstacle has no significant effect on the flow 
for distance x4. The length of recirculation zone dw 
decreases with obstacle width (for w/h=0.025 is 
dw/H=0,38, for w/h = 0.05 is  dw /H=0,35, for w/h = 0.125 
is dw /H=0,33). 
Results show that the effect of the obstacle width aspect 
ratio w/h for triangular and rectangular obstacles on flow 
field disturbance is much more apparent in the case of 
arectangular obstacles mounted on the microchannel wall. 
The reduced aspect ratio w/h increased the average flow 
velocity in microchannels by 4% for w/h=0,05 and 8% for 
w/h=0,1 versus w/h=0,25. Increasing obstacle width 
aspect ratio w/h of the triangular obstacles decreases the 
mean flow velocity non significantly (up to 2% 
difference). 
 
4.3. Effect of the Reynolds number on the velocity field. 
In Fig. 7 water velocity vectors in the microchannel are 
depicted in dependence on Reynolds number values, which 
varied from 20 to 200. The obstacles (triangular and 
rectangular) with the width w = 50 μm and the height aspect 
ratio h/H=0.25, were taken into account.  
  Results shown, that the length of the recirculation zone                          
dw increases as Reynolds number increases. Calculation are 
shown for the water flows in microchannels with 

 
a) 

 
 

 

b) 

 
 

 

c) 

 
 

 

d) 

 
 

 

Figure 7. Velocity vector fields in microchannels with the 
rectangular obstacle, w/h = 0,5, h/H = 0,25, 

a) Re = 20, b) Re = 50, c) Re=100,  d) Re = 200 
rectangular slim obstacle mounted on the wall: for Re=20 
is dw /H=0,33, for Re=50 is dw /H=0,61, for Re=100 is 
dw/H=1, for Re=200 is  dw /H=1,53. For the water flows in 
microchannel with triangular obstacle mounted on the 
wall results of calculations are as follows: for Re=20 is dw 
/H=0,33, for Re=50 is dw /H=0,62, for Re=100 is dw /H=1, 
for Re=200 is dw /H=1,26. It was observed that for the 
Reynolds number Re=200 the length of recirculation zone 
dw behind the rectangular obstacle is larger than for the 
triangular obstacle. 
 

4.4. The loss coefficient ξ calculations for slim 
obstacles. For the hydraulic flow systems calculations 
knowledge of energy loss coefficients ξ is needed. The 
value of loss coefficient depends on the type of obstacle 
and its geometry. The loss coefficient ξ value can be 
predicted as: 

dw 
 
 
 
 
 
 
dw 
 
 
 
 
 
 
 
dw 
 

a) 
 
 
 
 
 
 
b) 
 
 
 
 
 
 
c) 

0.42
0.45

0.36
0.30
0.24
0.18
0.12
0.06
0.0

V [m/s]

d)

5 

 
x1 x2 x3 x4 x5 

 
 

Figure  6. Velocity profiles V of water flows in microchannel  
with the rectangular obstacle, Re = 20 

a) w/h = 0,05, b) w/h = 0,1, c w/h = 0,25 
perpendicularly to the microchannel walls situated as: 
x1=l-H, x2=l, x3=l+H, x4=l+2H, x5=l+3H, for three 
different values of rectangular obstacle width aspect ratio. 
The results show that the flow separation depends a lot on 
an obstacle width aspect ratio w/h.  At distance x3 the 
water velocity profile deforms, loses symmetry, and the 
maximum velocity profile moves above half of the height 
of the microchannel. For ratio h/H = 0.5 the change in the 
width of the obstacle has no significant effect on the flow 
for distance x4. The length of recirculation zone dw 
decreases with obstacle width (for w/h=0.025 is 
dw/H=0,38, for w/h = 0.05 is  dw /H=0,35, for w/h = 0.125 
is dw /H=0,33). 
Results show that the effect of the obstacle width aspect 
ratio w/h for triangular and rectangular obstacles on flow 
field disturbance is much more apparent in the case of 
arectangular obstacles mounted on the microchannel wall. 
The reduced aspect ratio w/h increased the average flow 
velocity in microchannels by 4% for w/h=0,05 and 8% for 
w/h=0,1 versus w/h=0,25. Increasing obstacle width 
aspect ratio w/h of the triangular obstacles decreases the 
mean flow velocity non significantly (up to 2% 
difference). 
 
4.3. Effect of the Reynolds number on the velocity field. 
In Fig. 7 water velocity vectors in the microchannel are 
depicted in dependence on Reynolds number values, which 
varied from 20 to 200. The obstacles (triangular and 
rectangular) with the width w = 50 μm and the height aspect 
ratio h/H=0.25, were taken into account.  
  Results shown, that the length of the recirculation zone                          
dw increases as Reynolds number increases. Calculation are 
shown for the water flows in microchannels with 

 
a) 

 
 

 

b) 

 
 

 

c) 

 
 

 

d) 

 
 

 

Figure 7. Velocity vector fields in microchannels with the 
rectangular obstacle, w/h = 0,5, h/H = 0,25, 

a) Re = 20, b) Re = 50, c) Re=100,  d) Re = 200 
rectangular slim obstacle mounted on the wall: for Re=20 
is dw /H=0,33, for Re=50 is dw /H=0,61, for Re=100 is 
dw/H=1, for Re=200 is  dw /H=1,53. For the water flows in 
microchannel with triangular obstacle mounted on the 
wall results of calculations are as follows: for Re=20 is dw 
/H=0,33, for Re=50 is dw /H=0,62, for Re=100 is dw /H=1, 
for Re=200 is dw /H=1,26. It was observed that for the 
Reynolds number Re=200 the length of recirculation zone 
dw behind the rectangular obstacle is larger than for the 
triangular obstacle. 
 

4.4. The loss coefficient ξ calculations for slim 
obstacles. For the hydraulic flow systems calculations 
knowledge of energy loss coefficients ξ is needed. The 
value of loss coefficient depends on the type of obstacle 
and its geometry. The loss coefficient ξ value can be 
predicted as: 

dw 
 
 
 
 
 
 
dw 
 
 
 
 
 
 
 
dw 
 

a) 
 
 
 
 
 
 
b) 
 
 
 
 
 
 
c) 

0.84
0.91

0.72
0.60
0.48
0.36
0.24
0.12
0.0

V [m/s]



117

Influence of slim obstacle geometry on the flow and heat transfer in microchannels

Bull.  Pol.  Ac.:  Tech.  66(2)  2018

The results show that temperature distribution depends on 
the obstacle height aspect ratio and shape of the obstacle. The 
temperature distribution zone behind the obstacles is similar to 
the fluid flow disturbances presented in Fig. 4.

Figure 9 shows the local Nusselt numbers in five planes 
oriented perpendicularly to the microchannel walls, distributed 
as follows: X1 = l ¡ 4H, X2 = l ¡ 2H, X3 = l, X4 = l + 2H, 
X5 = l + 4H. Variations of local Nusselt numbers with length 
of the microchannel L for a triangular and rectangular obstacle 
for three different values of the obstacle height aspect ratio 
and a smooth channel for Reynolds number (Re = 20) are pre-
sented.

The results show higher local Nusselt numbers for the 
microchannels with obstacles as compared with a smooth 
channel. Table 3 summarizes their percentage difference 
values. The value of local Nusselt number for height aspect 
ratio h/H = 0.25, h/H = 0.5 is slightly higher for rectangular 
obstacles than the triangular ones. Only for height aspect ratio 

h/H = 0.75 the value of local Nusselt numbers at distance X4 is 
lower for the microchannels with the rectangular obstacle than 
for the microchannels with the triangular one. At the distance 
X3 = 0.004 [m] the local Nusselt number achieves maximum for 
different values of the obstacle height aspect ratios and shape 
of obstacle, which is related to the maximum flow velocity 
and the reduced distance between the microchannel wall and 
the top of the obstacle. Compared to the smooth microchannel, 
the local increase of Nu number for the microchannel with the 
obstacle raises the average value of Nu number, which leads to 
the increase of the net value of heat transfer.

Fig. 8. Temperature distributions [°C] in microchannels with a rect-
angular (a, c, e) and triangular (b, d, f) obstacle, for Re = 20; a, b) 

h/H = 0.25; c, d) h/H = 0.5; e, f ) h/H = 0.75, w = 10 μm

Fig. 9. Variation of Nu [-] with length of the microchannel L [m] for 
the triangular (Tr) and rectangular (Rr) obstacle
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where: ΔP pressure drop, V is average fluid velocity in the 
microchannel. 

According to experimental study [26], we calculated 
the values of loss coefficient ξ for slim obstacle depending 
on its geometry and shape from the formula: 

 
         (     ) (     ) 

                (10) 
 

where: V is the average velocity in the microchannel, p1 - 
p4 - pressure values in the corresponding cross sections 
oriented perpendicular to the microchannel walls situated 
at: p1 at a distance of 4H, p2 at a distance of 2H in front of 
the obstacle, p3 at a distance of 2H, and p4 at a distance of 
4H behind the obstacle, respectively. 
  The values of the loss coefficient ξ were determined 
from the formula (10) for various geometries of 
rectangular and triangular slim obstacles and are presented 
in Tab. 3. The results show, that the ξ value for the 
obstacle increases with the height of the obstacle. The 
increase in the width of the obstacle causes an increase in 
value of the loss factor ξ for both rectangular and 
triangular obstacles. 
 
 4.5. Heat transfer characteristics. The heat transfer 
distributions in the microchannel with slim obstacles were 
compared to visualize how their shapes influence the 
temperature field. Fig. 8 shows the representation of the 
temperature field in the microchannel with rectangular 
and triangular obstacles. They were obtained for different 
values of the obstacle height aspect ratios. Differences in 
temperature fields for flows past the obstacles of 
rectangular and triangular shape for Re=20 and for the 
obstacle height aspect ratio h/H=0.25, h/H=0.5, h/H=0.75 
are observed. 
 

Tab. 2 The values of the loss coefficient ξ for rectangular (Rr) and 
triangular (Tr)  slim obstacles 

 
h/H w/h ξ ( Rr)  ξ ( Tr)  

0,25 0,1 1,2 1,1 

0,25 0,2 1,18 1,1 

0,25 0,5 1,28 1,09 

0,50 0,05 7,08 7,08 

0,5 0,1 7,11 7,11 

0,5 0,25 7,37 6,98 

0,75 0,033 44,91 45,84 

0,75 0,067 44,69 45,66 

0,75 0,17 47,04 45,08 

 
 

 

 

 

 

 

 
Figure 8. Temperature distributions [ºC] in microchannels with  

rectangular a, c, e) and triangular obstacle b, d, f) for Re=20 
a,b) h/H=0.25 c,d) h/H=0.5 e,f) h/H=0.75, w=10 μm  

 
 

 
Figure 9. Variation of Nu [-] with length of the microchannel L [m] for 

triangular (Tr) and rectangular (Rr) obstacle 
 

 

3,5

4

4,5

5

5,5

6

0,002 0,003 0,004 0,005 0,006

N
u 

[-]
 

L [m] 

Rr, h/H=0,25

Rr, h/H=0,5

Rr, h /H=0,75

Tr, h/H=0,25

Tr, h/H=0,5

Tr,  h /H=0,75

smooth

a) 

     x1                    x2 x3 x4   x5 

 

b) 

c) 

d) 

e) 

f) 

N
u[

–]

L [m]

6

5,5

5

4,5

4

3,5
0,002 0,003 0,004 0,005 0,006

X1 X2 X3 X4 X5

Table 3 
Percentage differences in Nusselt numbers in the channels  

with an obstacle (Nuo) and without (Nusm),  
%Nuo = ((Nuo ¡ Nusm)/Nusm) ¢ 100%,

h/H Planes %Nuo (Rr) %Nuo (Tr) 

0,25 X1 3,78 3,78 
0,25 X2 2,43 2,43 
0,25 X3 14,32 4,05 
0,25 X4 –1,62 0,27 
0,25 X5 2,7 1,08 
0,5 X1 3,78 3,78 
0,5 X2 2,7 2,43 
0,5 X3 14,2 6,49 
0,5 X4 –1,35 3,51 
0,5 X5 1,08 4,59 

0,75 X1 3,78 3,78 
0,75 X2 2,7 2,7 
0,75 X3 44,59 50 
0,75 X4 –3,78 –5,13 
0,75 X5 2,43 2,7 
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5.	 Conclusions

The effect of the wall-mounted obstacle on fluid flow was 
studied numerically to answer the question of how the slim 
obstacle of different shapes, i.e. triangular and rectangular 
ones, disturbs the flow. A parametric study revealed the ef-
fect of design parameters on the recirculation zone behind the 
obstacle. The main observations from the analysis are listed 
below.

The increase of obstacle height increases the length of recir-
culation zone and the length of recirculation zone is longer for 
the triangular obstacle than for the rectangular one.

1.	 The increase of obstacle width reduces the length of re-
circulation zone.

2.	 The increase of Reynolds number values increases the 
length of recirculation zone, but the length of recircula-
tion zone behind the rectangular obstacle is longer than 
behind the triangular one.

3.	 The increase of obstacle height increases the value of loss 
coefficient ξ for the obstacles. The increase of obstacle 
width increases the value of loss factor ξ for both rect-
angular and triangular obstacles.

4.	 The rectangular obstacle causes larger vortex formation 
in fluid flow.

5.	 Microchannels with obstacles exhibit higher heat transfer 
than the smooth channels.

6.	 The increase of obstacle’s height increases the heat trans-
fer, the value of loss coefficient ξ for the obstacles and 
the length of recirculation zone.

The results obtained for a single obstacle form the basis for 
designing microchannels with slim obstacles in the channel. 
They allow to choose optimum spacing between obstacles de-
pending on flow velocity. At the same time, they enable the 
determination of pressure loss in the microchannels with slim 
obstacles.
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