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ABSRTACT 
  The flow uniformity among individual branches within a manifold system can be a significant 
factor to predict the performance and efficiency of various engineering applications. The non-
uniform flow within the manifold system occurs due to the development of vena-contracta at the 
inlet to the tubes. In order to reduce the flow mal-distribution in the header-lateral system, an 
approach is presented in this paper. In this approach, the inlet to the lateral pipe is arranged such 
that the flow enters the lateral pipe with a velocity vector inclined at a certain angle with respect to 
the cross section of the manifold.  Two test sections representing two header structures were used in 
this study. The first test section is conventional manifold, the second is a modified manifold (the 
lateral pipes of manifold were tilted a certain angle with axis of manifold). In both test sections, the 
diameter of the main pipe was 101.6 mm and of the lateral pipe was 50.8 mm. The results of this 
study showed that the method of changing the angle of water entry to lateral pipes in order to obtain 
uniform flow has improved the flow distribution by 54% at entry angle of 60, that is a reduction in 
absolute stander deviation from (0.481) to (0.136) and the maximum ratio between highest and 
lowest flow is 26%. Also, the change in the total flow rate has a slight effect on flow uniformity. 
 
INTROUDUCTION 

low in Manifolds is employed in wide industrial applications such as water distribution 
systems, solar collectors, automobile engines and heat exchangers. The design of the 
manifold can be traced back to the 1950s [1]. For the past several decades, and to a lesser 

extent up to the present time, 1D model has been used extensively in the manifold design [2–6]. A 
one-dimensional approach requires many simplifying assumptions. Recently, a numerical 
simulation has been used for the design of manifolds. References [7-11] are samples of the 
literature. Manifolds are classified into two categories. One of these categories is dividing 
manifolds, where there is a one inlet and multiple outlets. The other category is combing manifolds, 
where there are multiple inlets and a one exit. The main goal of manifold design is to achieve an 
equal flow rate at each outlet of the distribution manifold.  
    A major pioneering work has been reported by Burt et al. [12] for pipe spargers. Authors have 
found that the non-uniformity depends upon the net pressure profile as a result of (a) frictional 
pressure drop; and (b) pressure recovery due to the reduction in velocity in the direction of flow as 
the fluid escapes out of the perforations. Further, they have reported that a larger cross sectional 
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area of dividing flow manifolds gives a better flow distribution. Pan et al. [13] performed a three-
dimensional computational fluid dynamics (CFD) model to calculate the velocity distribution 
among multiple parallel channels with triangle manifolds. The effect of channel width and channel 
spacing on flow distribution among channels with rectangular manifolds has been investigated by 
Mathew et al [14]. Andrew and Sparrow [15] presented a method to investigate the effect of 
geometric shape of the exit ports on mass flow rate uniformity effusing from a distribution 
manifold; three candidate exit-port geometries were considered: (a) an array of discrete slots, (b) an 
array of discrete circular apertures, and (c) a single continuous longitudinal rectangular slot. 
Dharaiya et al. [16] studied numerically the effect of tapered manifold shape to increase flow 
uniformity in mini and micro channels. Tong et al. [17] applied a logic-based systematic method of 
designing manifold systems to achieve flow rate uniformity among the channels that interconnect a 
distribution manifold and a collection manifold. The method was based on tailoring the flow 
resistance of the individual channels to achieve equal pressure drops for all the channels. The 
tailoring of the flow resistance was accomplished by the use of gate-valve-like obstructions.  
     The literature survey indicates that flow uniformity is gaining importance in many engineering 
applications. Also, the flow distribution depends upon header diameter, gravity, header shape, 
number and tube geometry, etc. Therefore, there is no general method to achieve this goal. The 
objective of the present experimental and numerical investigations is to modify design for header 
that can provide significant relief of the mal distribution. 
 
Methodology 
Experimental Apparatus  
Test Rig  
The test rig of this study is shown in Fig.1. The rig was assembled at a selected site in fluid 
laboratory of Mechanical Engineering Department, University of Technology, Iraq. The 
experimental setup, shown in Figure consists of these parts: the main supply pipe, a test section, a 
shallow tank to collection water, flow meter, manometer and a centrifugal pump to recycle water to 
main supply pipe. The water mass flow rate in the test section is controlled by a regulation valve 
and is measured by a target mass flow-meter. The water flow rate from each lateral pipe was 
collected in a shallow tank, with dimension (1500x1500x400) mm, and then discharged 
continuously through pipe diameter 152.4 mm (6 in) to recycle water by centrifugal pump to main 
supply tank.  The water flow rate is measured by a five glass containers with capacity of 50 liter of 
each container. The containers are placed on a movable support, which allows it to move freely at 
the same time during experiments. The containers and support are shown in Fig.2. Nine pressure 
tapes are located along the length of the test section. These pressure tapes are used to measure the 
pressure evolution in different positions in the header and at the inlet manifold. 
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Figure (3): The modified section, the lateral pipes are tilted with axis 
 

Problem Formulation and Numerical Simulation 
  In the CFD analysis, a model of the distribution manifold has been used. At first, the model of the 
conventional geometry is used for this study, as shown in Fig.1. Then, the simulation was 
performed to investigate whether the angle of water exit from lateral pipe is a factor in creating 
uniform outflow. To find the best angle of water exit from the lateral pipe, numerical simulation 
was made for different cases. The best case has been selected and experimentally tested to make 
sure of the validity of the numerical model. The modified manifold is illustrated in Fig.4. The range 
of the variation of the angle is listed in Table 1.   
 

 
 
 

Table (1): The dimensions of the cases used in this study 
case 1 2 3 4 
Ө° 90 80 70 60 

 
    In the present problem, the fluid flow is three-dimensional; that is, all three possible velocity 
components (x, y, and z) exist, and all three components depend on the three coordinates of 
Cartesian geometry. The statement of the governing equations for the fluid flow being considered 
here amounts to writing a set of four partial differential equations: Continuity, x-momentum, y- 
momentum, and z- momentum, respectively. 
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Figure (4): The modify manifold (lateral pipe with different tilted 
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Where: u, v, and w    are the velocity components in three dimensions, ρ is the fluid density and μeff, 
is the effective viscosity. According to Chen and Sparrow, 2009][18], the turbulence model 
appropriate for the study of flow in a manifold is the realizable k-ε. Therefore, this model was used 
here. 
 
Boundary condition Details of the Numerical Algorithm 
   The first tests were carried out with the reference geometry (a multiple-outlet pipes with dead 
end) to test the effect of the inlet flow rate on the flow distribution. Inlet flow rates ranges are 100–
450 l/min. All tests were performed at room temperature and atmosphere pressure. The simulation 
of two geometries was done using a commercial CFD software FLUENT. The meshing and 
boundary definition of the geometries were done using the software, GAMBIT. Tet/Hybrid T-grid 
scheme was used for the mesh generation [19]. The grid elements in each geometrical model were 
approximately 2,000,000 elements. When the residuals of the momentum equations are less than 10-

5, the solutions are regarded converged. 
 
Results and Discussion 
The results of the flow distribution among branches for conventional manifold are given in Fig.5. 

 

 
    
 
As seen in the figure, the water flow in the outlets tends to increase, starting with the first outlet 
which is badly fed to the last one which is highly fed (more than twice the mean liquid flow rate). 
This is in agreement with the findings in reference [21][22].  
    The fact that there is a clear mal-distribution in flow can be explained as follows: There are two 
factors affecting the flow distribution in manifold: momentum and friction. These factors work in 
opposite directions to each other. The momentum effect increases the flow along the header 
whereas the friction effect lowers the flow along the header.  
    The flow behavior along manifold distribution is in line with the pressure distribution, as shown 
in Fig.6.This figure shows that the pressure increases with increasing downstream distances. Since 
it is that pressure difference which drives the per-branch flow rate, it is necessary that flow rate also 
increases with downstream distance. 
 

Figure(5): Flow distribution for conventional manifold at different inlet flow 
rate 

‐40

10

60

110

160

1 2 3 4 5F
lo

w
 r

at
e 

l/m
in

Branch no.

 l/min 125 l/min. 290 l/min. 450



Eng. &
           

 

 
 
     Th
total m
about
from 
was f
is ind
 

 
   The
the w
latera
flow 
corres
of inc
inlet t
shows
pressu

Fig

&Tech.Journal,
                         

he flow ratios
mass rate [23
t 6% of total
last branch. A

found to have
dependent upo

e main reason
water flow dir
al pipe and th

from each b
sponding to t
clination for 
total flow rat
s the pressu
ure along th

0

10

20

30

40

50

60

70

P
re
ss
re
 h
e
ad

, c
m
H
2
O

1

1

2

2

3

3

4

Fl
w
o
 r
at
e
 f
ra
ct
io
n
, %

ure (6): Var

Figur

, Vol.34,Part (A
                         

s (defined as
3]) at three d
l flow is disc
Also, the Fig
e a slight effe
on the inlet f

n for modifyi
rection by an
he vortices si
branch depe
the departure
lateral pipe 
te (the range

ure distributio
he manifold 

0

0

0

0

0

0

0

0

٠٫١٥ ٠

0

5

10

15

20

25

30

35

40

0

riations of th

re (7): Flow 

A), No.5,2016   
                        

 the ratio bet
different valu
charged from
g.7 shows the
fect. So, it can
flow rate with

ing a manifo
n right angle 
ize reduced g
nds on thes
e angles of 9
helps to a gr

e used in the
on for manif
was found 

٫٣ ٠٫٤٥

1 2

he manifold 

 rate ratio p

      Experimen
                Unifo

852 

tween of the 
ue of inlet flo
m first branch
e influence o
n be said tha
hin the range

 
 

old shape is th
that leads to

gradually tow
e vortices si

90º.  From thi
reat extent to
 experiment 
fold with in
to be nearly

٠٫٦ ٠٫٧٥

Header Le

2 3
Branch

pressure he

percentage fo

ntal and Nume
formity Flow in

mass flow r
ow rates are g
h and about 

of the inlet to
at the flow di
e (625 l/min. 

he expectatio
o formation v
wards the dea
ize. Fig.8 p
is figure, it c
o improve th
that is from 

nclination lat
y uniform w

٠٫٩ ١٫٠٥

ength (m)

4
h no.

ad for conve

or conventio

erical Study on
n a Parallel Flo

ate in the spe
given in Fig.
32% of tota

otal flow rate 
istribution of
- 950 l/min.)

on that in con
vortices on T
ad end of the
resents the r

can be seen th
he flow distri

625 l/min. t
teral pipe. Fr
which resulte

١٫٢ ١٫٣٥

5

entional man

onal manifol

 the  Improvem
ow Channel 

 

ecified branc
.7. The result
al flow is dis

on flow dist
f a multi-outl
). 

 

nventional m
The left side 
e manifold. T
results of fl
hat a variatio
ibution regar
to 970 l/min.
rom this fig
ed in a bett

١٫٥

6

nifold 

ld  

ment  of   

ch to the 
ts show, 
scharged 
tribution 
lets pipe 

manifold, 
of each 

The fluid 
low rate 
on angle 
rdless of 
.). Fig.9 

gure, the 
ter flow 



Eng. &Tech.Journal, Vol.34,Part (A), No.5,2016          Experimental and Numerical Study on the  Improvement  of   
                                                                                                    Uniformity Flow in a Parallel Flow Channel 

853 
 

distribution among the branches. Fig.10 shows the percentage each branch takes from the total flow 
for manifold with inclined lateral pipe. Comparing these results with those of conventional header, a 
clear improvement can be seen in flow distribution. For example, when the conventional header is 
used, the discharge from last branch was about 32% of the total flow and about 6% of total flow is 
discharged from first branch. This means that the flow exit from first branch is 60% less than that 
from last branch. For the manifold with inclined lateral pipe, the percentage is reduced from 32% to 
21% and the ratio between highest and lowest flow is reduced from 60% to 30%. Fig.11 presents 
important characterizing results. These include the standard deviation (STD). The Percentage 
absolute mean deviation of manifold are 0.481, 0.30, 0.213, and 0.136 at departure angles of fluid 
of 90º, 80º, 70º, and 60º, respectively. The STD values are lower than that of the typical header with 
corresponding value of 0.136, as shown in the figure. 
 

 
 
 

 
 
 
 

Figure (8): Flow distribution plot for the modify manifold 

Figure(9): Variations the manifold pressure head for modify header 
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 CONCLUSION 
     Two test sections representing two header structures were used in this study. The first test 
section is conventional manifold (the water flow direction by a right angle), the second was a 
modified manifold (the lateral pipes of manifold were tilted by a certain angle with axis of 
manifold). In both test sections, the diameter of the main pipe was 101.6 mm and of the lateral pipe 
50.8 mm. The results of this study showed that the method of changing the angle of water entry to 
lateral pipes in order to obtain uniform flow improved the flow distribution by 54% at entry angle 
of 60º, that is a reduction in absolute standard deviation from 0.481 to 0.136 and the maximum ratio 
between highest and lowest flow is 26%. Also, that change in the total flow rate has a slight effect 
on flow uniformity. Therefore, it can be safely said that the inlet flow rate has no effect on flow 
distribution. 
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