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Abstract—The aim of the study was to investigate the possible 

use of commercial Computational Fluid Dynamics (CFD) software in 
the design process of a domestic gas boiler. Because of the limited 
computational resources some simplifications had to be made in 
order to contribute to the design in a reasonable timescale. 

The porous media model was used in order to simulate the 
influence of the pressure drop characteristic of particular elements of 
a heat transfer system on the water-flow distribution in the system. 
Further, a combination of CFD analyses and spread sheet 
calculations was used in order to solve the flow distribution problem. 
 

Keywords—CFD, domestic gas boilers, flow distribution, heat 
exchanger, porous media 

I. INTRODUCTION 
EAT transfer in compact heat exchangers has been 
investigated for many years. Many formulae based on 

experimental data regarding various geometries and 
conditions are available in the literature [4], [5], [6]. However 
the use of these formulae is limited to geometries and 
operating conditions under which the experiments were 
performed. There is often a need to predict the performance of 
unconventional heat exchange systems and this is very 
difficult. Reliance on engineering experience, intuition and 
tests of prototypes are common industrial practice. Therefore 
Computational Fluid Dynamics (CFD) codes are potentially 
very useful in design processes as they are designed to predict 
all important heat transfer parameters, i.e. flow and 
temperature fields as well as heat transfer performance for 
arbitrary geometry and flow conditions. As CFD codes 
provide such extensive information it may significantly reduce 
the number of experiments needed to launch a new product 
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and decrease the cost as well as the timescale of a design 
process of heat exchange systems. 

Unfortunately CFD has limitations. One of them is the 
requirement of a large computational power demand. Either 
large clusters of workstations or multiprocessor machines are 
often needed to analyse real industrial problems. It is a 
difficulty especially for small companies with limited 
computational resources, such as the one where this research 
was conducted. In order to overcome this difficulty, some 
simplifications and complementary tools must be used in order 
to reduce the computational resources required. 

It is a common CFD practice to analyse some small 
repeatable elements of a heat exchanger, see [7] - [10]. 
However, even in heat exchangers with repeatable geometrical 
entities, the fluid velocities are often not the same in all the 
repeatable domains because of the maldistribution which 
affects the heat transfer. Therefore ideally a fluid flow and 
heat transfer analysis of the entire heat transfer system should 
be performed in order to fully understand the problems related 
to the performance of the system. Unfortunately a direct CFD 
simulation of the heat transfer in complex heat exchangers 
requires large computational resources. 

Procedures based on experimental formulae have been used 
for many years and they do not have to be replaced but can 
possibly be complimented by CFD. Therefore some 
parameters related to the operation of heat exchangers could 
be analysed by means of CFD codes and others by traditional 
methods.  

There are problems in a design process of heat exchangers 
which can especially be complemented by a CFD analysis. 
Fluid flow distribution analysis is one of them. As the heat 
transfer and temperature field in heat exchangers strongly 
depends on the fluid flow, the CFD fluid flow analysis may 
provide crucial information for traditional heat transfer 
calculations. Quite often a uniform flow distribution is a 
design assumption and CFD can be a tool to investigate if 
such an assumption is correct and to design an appropriate 
flow distributor if necessary.  

As stated in [3], a fluid flow distribution problem can be 
solved simply by the introduction of an additional flow 
resistance by means of a flow restrictive device (e.g. 
perforated plate, perforated tube or other screen). However an 
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effective screen may increase a pressure drop significantly.  In 
the example presented in [3] (perforated pipe distributor) the 
pressure drop over the holes in the pipe must be about 10 
times the pressure variations causing the maldistribution in the 
system (the inlet velocity head or the pressure drop over the 
length of the pipe) in order to decrease the maldistribution to 
5%. As CFD can evaluate the pressure drop for an arbitrary 
geometry, it can be used to determine changes to a design 
which would differentiate the pressure drop between 
particular elements of a system in a way which would impose 
an appropriate flow distribution. When the introduction of a 
screen is technically simpler than a modification of existing 
elements of a system, CFD can be used to design either a non-
uniform screen or a distributor which would impose an 
appropriate pressure drop in locations where it is needed. 
Such a solution would result in a lower overall pressure drop 
than with a uniform distributing screen. 

In this work a porous media model in flow distribution 
problems, as well as combined CFD and spread sheet 
calculations, were used for a design of a distributor. 

II. DESCRIPTION OF THE PROBLEM 
The heat exchanger under investigation is designed for 

domestic gas central heating boilers. It is capable of working 
in a fully condensing mode. The thermal energy of the 
combustion gases is transferred in the heat exchanger into the 
central heating water circuit in order to be eventually 
transferred to the air in rooms by means of radiators. 

The heat exchanger consists of identical repeatable castings 
(also referred to as sections) assembled together. Only the 
front and rear sections are slightly different. The waterway 
geometry of the single casting is presented in Fig. 1. The 
single casting is designed to the 10 kW heat load and the 
number of castings in the assembly may vary depending on 
the required nominal heat load of the assembly. As the 
castings are symmetrical, only the left hand side of the casting 
was analysed (see Fig. 2). The same applies to the assemblies 
as they are symmetrical in the same manner (see Fig. 3). 

The aim of this work was to analyse the water distribution 
between sections of the 4 section assembly as well as the 
8 section assembly and to design a distributor if necessary. 
As shown in Fig. 3, the water enters the assembly at the 
bottom of the front casting. In the front section the stream of 
the water splits. Part of the stream flows upwards through the 
casting while the second part of the stream flows in the 
horizontal direction and enters the second casting. The water 
entering the second casting also splits. Part of the water flows 
upwards through the casting while the rest of the water flows 
to the next casting and so on. As the flow rate of the water 
affects the heat transfer and temperature field in the castings, 
it is important to ensure that there is a uniform flow 
distribution of water between the castings. This is necessary in 
order to ensure a high efficiency of the heat exchanger and to 
eliminate the danger of local boiling of the water.  
 
 

 
Fig. 1 Waterway of the single casting of the heat exchanger 

 

 
Fig. 2 Half of the waterway 

of the heat exchanger 
 

 
Fig. 3 Geometry of the model of the 
4 section heat exchanger assembly 

 
 

III. NUMERICAL APPROACH 
Before analysing the flow distribution between the sections 

of the heat exchanger, the numerical model of a single casting 
was created. As the sections of the assembly are identical 
(apart from the front and the rear one) a numerical mesh of a 
single casting could be created and then copied in order to 
create a model of an assembly. Two alternative meshes were 
created: with 36 000 cells and 3.7 millions cells. The finer 
mesh of the model of a single casting is presented in Fig. 4.  
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(a) 

 

 
(b) 

 

 
(c) 

 
Fig. 4 Mesh of the water channels of the heat exchanger 

 
Gambit 2.2.30 was used for the preparation of the 

numerical mesh and Fluent 6.2.16 was used as the solver. 
The flow of the water through the single section was 

modelled for various flow rates and the modelled pressure 
drop characteristic was compared to the measured one. 
In order to measure the pressure drop of the water in the 
single section of the heat exchanger, a mercury manometer 
was connected to the inlet and outlet pipes. The flow rate of 
the water was measured by means of a rotameter. The 
comparison between measured and modelled pressure drop 
characteristic is shown in Fig. 5. 

The resolution of the manometer and therefore the assumed 
tolerance of the pressure drop readings was 0.02 mH2O. 
Further, the calculated uncertainty of the flow measurement 
was between 0.28 and 0.34 l/min (it was different for different 
flow rates).  

Although there was no significant difference between the 
pressure drops predicted by the two models (see Fig. 5), the 
finer mesh was selected for the analysis as it was believed to 
give more insight into the velocity field of the water. There 
was only one numerical cell in the coarse mesh between the 
walls of the narrow channels, and therefore an accurate 
prediction of the velocity profiles could not be expected from 
this model.  

As the geometry along the waterways in the heat exchanger 
changes, the velocity of the water as well as the Re number 
changes too. The expected maximum Re number in the 
castings of the heat exchanger for nominal operating 
conditions is about 6000 and therefore transitional flow was 
expected in the heat exchanger. As shown in Fig. 5, the 
simulation of the water flow in the single casting of the heat 
exchanger using the laminar flow model produced a very 
similar pressure drop to that produced using the k-omega 
turbulence model.  

The flow in the heat exchanger is transitional and it was not 
certain if laminar or turbulent flow model would give better 
predictions. Therefore the laminar model was used in this 
work as it produces results much quicker. 
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Fig. 5 Measured and calculated pressure drop in the single casting of 

the heat exchanger 
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IV. WATER-FLOW IN THE ENTIRE ASSEMBLY 
The water-flow distribution analysis was performed for 4 

and 8 section assemblies. 
The analysis of the 4 section assembly with the use of the 

finer mesh (see Fig. 4) would require 4 times more memory 
(RAM) than the analysis of the single section and therefore 
was not possible because of the limited computational 
resources. On the other hand, it was not certain that the coarse 
mesh would be able to model the flow distribution correctly.  

Therefore some simplifications were needed in order to 
make the analysis of the entire assembly possible. The 
geometry of the waterway of the single casting was simplified, 
as shown in Fig. 7. Channel A shown in Fig. 6 was removed 
as the flow-rate through the channel was relatively low and its 
effect on the pressure drop characteristic of the entire section 
was expected to be negligible. 

The channel between the locations shown in Fig. 6 referred 
to as “pressure_bottom” and “pressure_top” was also removed 
and the remaining parts of the waterway were merged together 
(see Fig. 7). Then the simplified waterway was meshed and 
duplicated and the duplicates were merged together (see Fig. 
8) in order to create the model of the water-flow of the 4 
section assembly. The pressure drop characteristic of the 
channel between the “pressure_bottom” and “pressure_top” 

( )vfp =Δ  was read from the model of the single casting 
(for various flow rates) and it was applied to the simplified 
waterways by means of the thin porous media regions shown 
in Fig. 8 

 

 
Fig. 6 Original model of the 

waterway of single section of the 
heat exchanger 

 
Fig. 7 Simplified model of the 
waterway of single section of 

the heat exchanger 
 

 

 
Fig. 8 Model of the waterway of 4 section assembly of the heat 

exchanger 
 

The porous media characteristics were derived as follows: 
The dependence between v  and pΔ in the channel between 

“pressure_bottom” and “pressure_top” was read from the 
model of a single casting and approximated by means of a 
second-order polynomial function (using MS Excel). The 
following function was found: 

vvp ⋅+=Δ 013500 2  
(1) 

where: pΔ - Pressure drop; Pa 

v  - Velocity of the water in the porous region; 
s
m

 

The velocity of the water was defined as: 

ρ⋅
=

•

A
mv  

 (2) 

where 
•

m  is the mass flow rate of the water flowing through 
the half of the section of the heat exchanger, A  is the 
horizontal cross-sectional area of the porous region, and ρ  is 
the mass density of the water. 

Equation (1) implies that the unit of the constant of 

proportionality is 3m
kg

 and therefore:  

2
313500 v

m
kgp ⋅=Δ  

 (3) 
 

The simplified momentum equation for the homogeneous 
porous media can be written as [11]: 

iSp =∇  
 (4) 
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where iS  is the source term for the momentum equation 
in the i  direction. 

As stated in [11], (4) can be written for a particular 
direction as: 

nSp i Δ⋅−=Δ  
 (5) 
The momentum source term iS  for the porous media is 
defined as follows [11]: 

⎟
⎠
⎞

⎜
⎝
⎛ ⋅+⋅⋅⋅−= iii vvCS

α
μρ 2

2 2
1

 

 (6) 
and therefore: 

nvvCp ii Δ⋅⎟
⎠
⎞

⎜
⎝
⎛ ⋅+⋅⋅⋅=Δ

α
μρ 2

2 2
1

 

 (7) 

ii vnvnCp ⋅Δ⋅+⋅Δ⋅⋅⋅=Δ
α
μρ 2

2 2
1

 

 (8) 
The comparison of (3) with (8) gives: 

0=⋅Δ⋅ ivn
α
μ

 

 (9) 

32 13500
2
1

m
kgnC =Δ⋅⋅⋅ ρ  

 (10) 
  

Therefore the viscous resistance factor: 

01
=

α
   

The inertial resistance factor 2C  is given by: 

mm
m
kg

m
kg

n
m
kg

C 113527
002.0998

135002135002

3

33

2 =
⋅

⋅
=

Δ⋅

⋅
=

ρ
 

 (11) 
  

where: 

ρ  - Mass density of the water; 3m
kg

 

nΔ  - Thickness of the porous region in the model; m  

μ  - Dynamic viscosity; 
sm

kg
⋅

  

The resistance factor was used as an input data for Fluent 
porous media model and Fluent 6.2.16 was used as the solver 
with the laminar flow model. 

The mass flow rate through the front section (see Fig. 8) 
was less than 4.3 % higher than through the rear one for the 
range of flow rates through the entire assembly from 0.37 to 
1.68 kg/s. Based on these results, the decision was made that 

the flow distribution is acceptable and there is no need for a 
flow distribution device. 

V. DISTRIBUTING TUBE FOR LARGE (8 SECTION) APPLIANCES 
The previous analysis (see paragraph IV) indicated that the 

distribution of the water between the sections of the 4 section 
version of the heat exchanger was almost uniform. 

However the same analysis done for the 8 section version 
(not shown here) gave a 20% difference in the flow-rate of the 
water through the first and the last sections. 

Fig. 9 and Fig. 10 illustrate the way that the water flows 
through the 8 section heat exchanger. The water enters the 
appliance through the “Water inlet”. The stream of the 
inflowing water splits in the section 1 (at the point 3). Part of 
it flows upwards while the rest of the stream flows into the 
next section. The streams of the water entering the other 
sections (at the points 5, 7, 9, 11, 13, 15) split in the same 
manner. Part of inflowing water flows upwards while the rest 
of the stream flows horizontally and enters the next section. 
As section 8 is the last one then all the water entering this 
section flows upwards. All the streams of the water flowing 
upwards flow in parallel through the sections of the heat 
exchanger and join together at the top horizontal channel. 
Next the water exits the heat exchanger through the “Water 
outlet”. 

There may be two possible reasons for the non-uniform 
distribution of the water-flow between the sections: 

(i) The flow resistance characteristic between the “Water 
inlet” and ”Water outlet” may be different for different 
streams depending on which casting they flow through. It is 
because the distance from the inlet and outlet and each 
particular section is different. Moreover the flow-rate changes 
along the bottom and top horizontal channel so the flow 
resistance changes. 

(ii) The momentum of the water entering the assembly can 
make the water flow through the right hand side sections 
rather than the left hand side sections of the assembly (see Fig. 
9). 

In order to ensure uniform water flow distribution between 
all sections of the assembly it was decided to use a distributing 
tube. 

The distributing tube would be a perforated tube inside the 
bottom horizontal channel of the appliance (see Fig. 10 and 
Fig. 11). The diameter of holes in the tube and consequently 
flow resistance would vary in the way that would ensure 
uniform flow distribution of the water between sections (the 
diameter of holes in Fig. 11 is uniform, but it is not in the final 
design). 
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Fig. 9 Cross-section view of the 8 section heat exchanger 

 

 
Fig. 10 Diagram of the water distribution between sections of the 8 

section version of the heat exchanger 
 

 
(a) 

 

 
(c) 

 
Fig. 11 Distributing tube (a) side view; (b) cross-sectional view 

 
The points where the streams of water split (at the bottom 

of the assembly) or join (at the top of the assembly) are 
denoted by numbers 3 ÷ 16 (see Fig. 10) and this gives the 
possibility to denote the straight channels between them by 
means of two numbers. They are the channels of fixed flow 
rate.  

The horizontal channels at the bottom and the top of the 
heat exchanger have uniform cross-section area. All sections 
of the assembly (vertical channels) are the same apart from the 
section 1 and section 8 (channel 3-4 and 17-18 in Fig. 10). 
Section 1 and section 8 were designed for ½ flow rate of inner 
section. Because of lack of characteristics of pressure drop of 
the left and right hand side sections the following assumptions 
were made: 
(i)  Holes in the distributing tube in section 1 (channel 3-4) 
are the same as in section 2 (channel 5-6). 
(ii) Holes in the distributing tube in section 8  
(channel 17-18) are the same as in section 7 (channel 15-16). 

Also other simplifying assumptions were made:  
(iii) The diameter of holes in the distributing tube in the rest 
of the sections (point 5, 7, 9, 11, 13 and 15 in Fig. 10 and Fig. 
11) should be diverse so that the flow rate through each of 
them would be the same.  
(iv) There are six holes with the same diameter around the 
distributing tube at each point which refer to a particular 
section of the heat exchanger assembly (see Fig. 10 and Fig. 
11). 

 
The velocity of the water entering the assembly was 

calculated from the known mass flow rate (known operating 
conditions of the boiler), 

ρ⋅
=

•

1

1
1 A

mv  

 (12) 
The velocity of the water in the vertical channels is shown 

in Fig. 10 and were calculated from the mass balance using 
the assumption that the mass flow rate through each of the 
inner sections (channel 5-6; 7-8; 9-10; 11-12; 13-14; 15-16) is 
the same and the flow rate through the front and the rear 
sections is half of the flow rate through one inner section. The 
mass density of the water ρ  was assumed to be constant. 
These assumptions lead to the following equations: 

(i) Velocities in the vertical channels: 

( )5.065

3153
1615

141312111098765

+⋅
⋅

==

=====

−

−−
−

−−−−−

fnA
Av

v

vvvvv
 

 (13) 
(ii) Velocities in the horizontal channels: 

( ) 21
11

115353 ⋅+
⋅⋅

−⋅⋅=⋅⋅ −−
fn

AvAvAv ρ
ρρ  

 (14) 
where: 

jiv −  - Velocity in channel ji − ; m/s 

jiA −  - Cross-section area of channel ji − ; m2 

fn  - Number of full sections (inner sections) in the 
assembly 
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As 

1715151313111199775531 −−−−−−− ======= AAAAAAAA
 and ρ  is constant: 

( ) 21
1

153 ⋅+
−=−

fn
vvv  

 (15) 
 The consecutive velocities were calculated as follows: 

( )1
1

+
−= −−

f
imji n

v
vv  

 (16) 
where: “ i ” is an odd  number between 5 and 15;  

2+= ij ; and 2−= im ;  

e.g. ( )1
1

7597 +
−= −−

fn
vvv  

 (17) 
As the velocities and consequently the flow rates in the 

vertical channels were known (13) the velocities along the top 
horizontal channel was calculated from the mass conservation 
equation. 

In order to calculate appropriate flow resistance at each 
point of the distributing tube numbered in Fig. 11, the 
Bernoulli equation for each possible path of the water in the 
assembly was created, as shown below. The equations were 
created under the assumption that the velocity head in the 
bottom horizontal channel acted only in the horizontal 
direction, namely 

g
v

hhhhh TTTTT 2

2
53

46655321
−

−−− +Δ+Δ+Δ=−  

 (18) 
where 1Th  and 2Th are the total head at the points 1 and 2 
consecutively; 

jTih −Δ  - Difference of total head between the points i  and 

j ; 
g  - Magnitude of gravitational acceleration 
 

g
v

hhhhh

hh

TTTTT

TT

2

2
75

4668877553

21

−
−−−−− +Δ+Δ+Δ+Δ+Δ=

=−
 

 (19) 

g
v

hhh

hhhhhh

TTT

TTTTTT

2

2
97

4668810

10997755321

−
−−−

−−−−

+Δ+Δ+Δ+

+Δ+Δ+Δ+Δ=−
 

 (20) 

g
v

hhhh

hhhhh
hh

TTTT

TTTTT

TT

2

2
119

46688101012

1211119977553

21

−
−−−−

−−−−−

+Δ+Δ+Δ+Δ+

+Δ+Δ+Δ+Δ+Δ=
=−

 

 (21) 

g
v

hhh

hhhh
hhhhhh

TTT

TTTT

TTTTTT

2

2
1311

4668810

1012121414131311

11997755321

−
−−−

−−−−

−−−−

+Δ+Δ+Δ+

Δ+Δ+Δ+Δ+
+Δ+Δ+Δ+Δ=−

 

 (22) 

g
v

h

hhhh
hhhh

hhhhhh

T

TTTT

TTTT

TTTTTT

2

2
1513

46

6881010121214

1416161515131311

11997755321

−
−

−−−−

−−−−

−−−−

+Δ+

+Δ+Δ+Δ+Δ+
+Δ+Δ+Δ+Δ+

+Δ+Δ+Δ+Δ=−

 

 (23) 
The flow resistance characteristics in the vertical channels 

(e.g. 75−Δ Th ; 1214−Δ Th was evaluated by means of the Fluent 
simulation of the flow through the channels (with constant 
flow rate along the channels). These characteristics (functions 
of the flow rate) were used in (18) - (23). 
 

The vertical head losses were expressed as follows: 

65___65 −− Δ+Δ=Δ screenTcastingTT hhh  
 (24) 

87___87 −− Δ+Δ=Δ screenTcastingTT hhh  
 (25) 

109___109 −− Δ+Δ=Δ screenTcastingTT hhh  
 (26) 

1211___1211 −− Δ+Δ=Δ screenTcastingTT hhh  
 (27) 

1413___1413 −− Δ+Δ=Δ screenTcastingTT hhh  
 (28) 

1615___1615 −− Δ+Δ=Δ screenTcastingTT hhh  
 (29) 

 
Where: 

castingTh _Δ  is the total head loss in a single casting with no 

distributing tube and it was calculated using data presented 
in Fig. 5.  

jiscreenTh −Δ __  is the head loss produced by the part of the 

distributing tube under the i-j vertical channel. 
As the flow rate of the water flowing through each casting 

is assumed to be the same, screenTh _Δ  depends only on the 

diameter of holes in the distributing tube (because the 
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assumption was made that the head loss of the water flowing 
through the holes of the distributing tube depends only on the 
flow rate through the holes and the diameter of the holes).  

The pressure drop caused by the perforated tube was 
calculated using Fluent for a fixed flow rate and various 
diameters of the holes in the distributing tube. Then an 
experimental orifice pressure drop formula [3] was rearranged 
and adapted in order to express the data provided by Fluent as 
an explicit function of the flow rate.  

 
The experimental formula was rearranged as follows: 

⎥
⎥
⎦

⎤

⎢
⎢
⎣

⎡
⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
−⋅

Δ
=

20

1

2

screen

holes

holes

A
A

pACQ

ρ

 

 (30) 
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⎡
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⎞
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⎝

⎛
−⋅⋅

=Δ

ρ

 

 (31) 
The head loss hΔ  is defined as follows: 

g
ph
⋅

Δ
=Δ

ρ
 

 (32) 
Therefore: 

( )
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A
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22
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1

 

 (33) 
where screenA  is the area of the piece of the screen 
(the distributing tube) including the holes which refer to one 
section of the heat exchanger assembly. holesA  is an area of 
the group of holes around the distributing tube referring to the 
particular section of the heat exchanger assembly. These 
groups are numbered in Fig. 11. 

Q  is a volumetric flow rate, 
s

m3

; 0C  is a discharge 

coefficient, dimensionless; g  is the gravitational 

acceleration, 2s
m

; pΔ  is a pressure drop, Pa; hΔ  is a head 

loss. 
Then the discharge coefficient 0C  was chosen so that (33) 

matches the pressure drop characteristic calculated using the 
Fluent software and we found that 77.00 =C gave the best 
result. The comparison between (33) and the CFD simulation 
is shown in Fig. 12. The good agreement between the two 
curves in the figure suggests that the orifice pressure drop 
formula may be successfully used in order to approximate a 
pressure drop characteristic of a perforated tube as long as the 
discharge coefficient is known. 
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Fig. 12 Hydraulic head loss caused by the distributing tube calculated 

by (33) adapted to match the data derived using Fluent 
 

Equation (13)÷ (29) and (33) were introduced to the MS 
Excel and the diameters of the holes in the distributing tube 
that satisfy these equations were calculated by means of the 
MS Excel solver. 

As various configurations of the diameters of the holes in 
the distributing tube can give the uniform water distribution, a 
unique solution of the set of equations does not exist. 
Therefore additional input data is needed in order to produce a 
unique solution. 

Therefore the diameter of the group of holes at the point 5 
(see Fig. 10 and Fig. 11) was assumed to be known and 
calculations were performed for a few different values of this 
diameter. 

The results obtained are presented in Fig. 13 and Fig. 14 
Fig. 13 illustrates the calculated diameters of the holes in 

the distributing tube which refer to particular sections of the 
heat exchanger assembly for various assumed diameters of the 
holes at point 5.  

Fig. 14 illustrates the dependence between the pressure 
drop in the entire assembly of the heat exchanger and the 
particular configuration of the holes in the distributing tube 
(each particular configuration refers to the specific diameter of 
the group of holes at point 5). 

As described in [3], one of the possible ways to ensure a 
uniform distribution of the fluid-flow is to make the diameters 
of holes in the distributing tube uniform but small enough to 
produce large pressure drop compared to the pressure 
variation which causes maldistribution. Therefore if smaller 
holes were used then the water distribution would be expected 
to be better in the case of insufficient accuracy in the 
performed calculations. 
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The configuration of holes in the distributing tube which 
refers to the 5mm diameter of the group of holes at point 5 
was chosen. That was because it gives a similar pressure drop 
in the entire assembly to that of the larger holes (see Fig. 14), 
but it was believed to give better water flow distribution in 
case of insufficient accuracy in the performed calculations  as 
described above. 
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Fig. 13 Various configurations of diameter of holes in the distributing 

tube of the heat exchanger that should give a uniform water 
distribution. 
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Fig. 14 Pressure drop in the entire assembly of the heat exchanger for 

various diameters of the second hole in the distributing tube 
 

The selected final design configuration of the diameters of 
holes in the distributing tube is shown in Table I. As the 
production tolerance would be 0.2 mm then the results are 
rounded to 1 decimal place. 
 

TABLE I 
THE SELECTED FINAL CONFIGURATION OF DIAMETERS OF HOLES IN THE 

DISTRIBUTING TUBE OF THE HEAT EXCHANGER 
Section No diameter of 

holes; mm 
1 5 
2 5 
3 4.4 
4 4.1 

5 4.0 
6 3.8 
7 3.8 
8 3.8 

 

VI. CONCLUSION 
As shown in this paper, various approximations and 

simplifications can be made in order to decrease the time and 
computational resources needed for a CFD analysis. As the 
CFD analysis of the changed geometries of large systems (for 
optimisation purposes) is time consuming, some flow 
characteristics of particular elements of a system can be 
derived using CFD and utilised in the Bernoulli Equation for 
the flow optimisation problems.  

Simple spread sheet calculations can quickly solve design 
optimisation problems which would be very difficult to solve 
by CFD alone in a reasonable time as it would be a trial and 
error process. On the other hand spread sheet calculations 
alone are not able to predict the flow resistance characteristic 
for an arbitrary geometry, where CFD may be very helpful. 

However required approximations and assumptions in such 
an approach may lead to errors. Therefore some additional 
evaluations of the proposed design should be conducted. 
This might be a CFD simulation of the optimised design, 
ideally confirmed by measurements.  
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