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Plate Heat Exchangers as a Compact Design
and Optimization of Different Channel Angles
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In this study, thermal treatments have been investigated for different channel angles and mass flow rates of
a compact heat exchanger have been manufactured by direct metal laser sintering technique instead of a sealed
and brazed one used in many areas. Boundary conditions of available heat exchanger experimental test have been
used in laboratory. In this study, we have designed for compact heat exchanger of 30◦, 45◦ and 60◦ channel angle
and used three different mass flow rates (0.2, 0.3, and 0.43 kg/s). Heat transfers occurring between heat channels
and walls of heat exchangers for different channel angles and efficiency of heat exchangers have been calculated.
As a result of the analysis, it has been determined that in order for maximum of heat transfer of a compact heat
exchanger, following working conditions ought to be fulfilled: channel angle 30◦, hot water input temperature 60 ◦C,
cold water input temperature 15 ◦C, and mass flow rate 0.43 kg/s.
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1. Introduction

To improve heat transfer in flow channels, the numer-
ical and experimental studies were mentioned in some
specific papers. Reppich and Kohoutek [1] reported that
lower flow rate and the flow channel between the hot
plates under high turbulence conditions of heat exchang-
ers are characterized which were broadly used in chem-
ical and other industrial applications. Hopkinson and
Dickens [2] investigated direct metal laser melting sys-
tem by using this method of heat transfer in different
heating and cooling channel geometry of the experimen-
tal material, which is made by bronze. The correlations
of heat transfer and temperature distribution in the chan-
nel was derived. Gut and Pinto [3] developed the gen-
eralized mathematical model of a gasketed plate heat
changers using an algorithmic form. Franco and Gian-
nini [4] analysed plate-fin heat exchangers using analysis
of counter-flow heat exchangers and compact heat ex-
changers. Erek et al. [5] numerically studied the effect of
changing pressure drop and heat transfer in geometry of
blade in the plate finned tube heat exchanger. Durmus
et al. [6] experimentally investigated the heat transfer
plates for three different surface geometry, friction factor
and energy losses. Dovic et al. [7] also researched the
flow characteristics of the chevron type heat exchanger
as the plate surface angle β = 28◦ and β = 61◦, respec-
tively and derived new fanning friction factor and the
Nusselt number for flow plate channels to estimate for
use in correlations. Yildirim and Guo [8] investigated
the structures of the micro-channel heat exchangers and
analysed fluid thermal performance. They derived corre-
lations of temperature distribution and heat exchanger
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efficiency. Gherasim et al. [9] experimentally studied
two-channel chevron type plate heat exchanger in the
hydrodynamic and thermal fields for laminar and turbu-
lent flow conditions. Mancini et al. [10] experimentally
studied the effects of the superheating on brazed plate
exchanger prototypes in R407C and R410A refrigerants
at different geometric feature and aspect ratio of plate
design. Faizal and Ahmed [11] made an experimental
study on temperature difference of the heat exchangers
of the plates used in small applications. Kılıc [12] stud-
ied thermal and dynamic parameters at three different
geometry channels (30◦, 45◦ and 60◦ channel angles) in
the gasketed plate heat exchanger and also examined the
effect of the thermal and dynamic parameters at different
geometry channels.

3D designs of heat exchanger in a compact standard
sized channel angle of 30◦, 45◦ and 60◦ have been drawn
in this study. According to the design of three differ-
ent boundary conditions, by using the ANSYS–FLUENT
software, input, output and channel flow and thermal be-
haviour of the flow of water circulating in the system were
investigated.

2. Numerical modelling

Heat exchanger geometric properties and process pa-
rameters are given in Table I. This heat exchanger
3D CAD model is shown in Fig. 1.

Mesh structure is formed by 10,000,000 tetrahedral
meshes. Finite volume grid structure for heat exchanger
of designing with 3D CAD software executed with tetra-
hedral mesh software. In Fig. 2 there are observed plate
heat exchanger mesh structures of 30◦, 45◦, 60◦ plate
channel angles.

2.1. Boundary conditions

In this study, three different channel angels of manu-
facturing DMLS method compact heat exchangers have
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Fig. 1. Solid model of the heat exchanger.

TABLE I

The geometric properties of the heat exchanger and pro-
cess parameters.

the length of the compact heat exchanger 192 mm
the width of the compact heat exchanger 74 mm
number of plates 10
hot water inlet temperature 60 ◦C
cold water inlet temperature 15 ◦C
environment temperature 27 ◦C
channel angles 30◦, 45◦, 60◦

hot water and cold water flow rate 0.2, 0.3, 0.43 kg/s

been designed by authors. These designs were referred
to by brazed plate heat exchanger dimensions. Brazed
plate heat exchanger dimensions are shown in Table I.
In this study we have done analysis for 30◦, 45◦ and 60◦

channel angles compact plate heat exchanger. Mass flow
rates are given by 0.2, 0.3, and 0.43 kg/s, hot water input
temperature is given by 60 ◦C, cold water input temper-
ature is given by 15 ◦C (Fig. 3) and ambient temperature
is given by 27 ◦C.

2.2. Numerical modeling

In this study there is used ANSYS-FLUENT 14 soft-
ware based on finite volume method and the following
equations [13].

Continuity equation
∂u

∂x
+
∂v

∂y
+
∂w

∂z
= 0. (1)

Conservation of momentum equation
∂

∂t
(ρV ) +∇ · ((ρV )V ) =

−∇p+∇ ·
(
T
)

+ ρg + F (2)

is shaped, where p is the static pressure, T — stress ten-
sor, g is the gravitational acceleration, F can be given by
the user of the term referring to other sources [13].

Fig. 2. Plate heat exchanger mesh structures of 30◦,
45◦, 60◦ plate channel angles.

Fig. 3. Compact heat exchanger design.

Energy equation
∂ (ρE)

∂t
+∇ · (V (ρE + p)) =

∇

keff∇T −
∑
j

hiJi +
(
T eff · V

)+ Sh (3)

is shown in.
In this equation E — unit of energy, keff∇T — trans-

mission,
∑
j

hiJi — diffusion and (T effV ) — viscous en-

ergy loss (disposition) is represented from [13].
Equations modeling parameters of numerical solutions

are given in Table II.
TABLE II

Numerical modeling parameters used solution.

simulation condition steady-state
solver type pressure based
mesh structure/mesh number tetrahedral/10 million
turbulence model standard k-ε turbulence model
wall–turbulence interaction standard wall-function
pressure–velocity coupling SIMPLE algorithm
discretization method second order upwind

Total heat transfer for heat exchanger can be written
by the following equations [4, 5]:

Q = KA∆tm, (4)

Q = ṁhcph (thg − th) = ṁccpc (tc − tcg) , (5)
where ṁh and ṁc —mass flow rate of hot and cold fluids,
respectively (kg/s), cph and cpc — specific heat of the
hot and cold fluids, respectively (J/(kg K)), thg and th —
inlet and outlet hot fluid temperatures, respectively ( ◦C),
tcg and tc — inlet and outlet cold fluid temperatures,
respectively ( ◦C).

Equation often used in the form of dimensionless equa-
tions of fluid flow in or out of different geometries [14]:

Re = wD/v. (6)
The effectiveness of the heat exchanger is calculated us-
ing the following equation [14]:

ε = Q/Qmax. (7)
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3. Results

As shown in Table III, hot water outlet temperature,
cold water outlet temperature, amount of heat transfer,
effectiveness, and Reynolds number change with different
channel angles (30◦, 45◦, and 60◦) and different mass flow
rates (0.2, 0.3, and 0.43 kg/s).

TABLE III

Changing analyses results for different channel angles
and different mass flow rates.
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1 30 0.2 60 15 52.28 22.88 6454 0.171 6020
2 45 0.2 60 15 51.69 22.79 6947 0.185 5862
3 60 0.2 60 15 51.59 23.51 7031 0.187 5937
4 30 0.3 60 15 53.89 21.53 7662 0.135 9027
5 45 0.3 60 15 53.78 21.23 7800 0.138 8851
6 60 0.3 60 15 53.63 21.75 7988 0.141 8980
7 30 0.43 60 15 54.67 20.44 9580 0.118 13084
8 45 0.43 60 15 54.7 20.75 9526 0.117 12761
9 60 0.43 60 15 54.82 18.66 9310 0.115 12955

Fig. 4. Changing of Temperatures for Different mass
flow rate in the 30◦ angle heat exchanger.

Fig. 5. As in Fig. 4, but for 45◦ angle.

Fig. 6. As in Fig. 4, but for 60◦ angle.

Fig. 7. Changing of Reynolds number for different
mass flow rate in the angle heat exchanger of 30◦ (top),
45◦ (middle), 60◦ (bottom).

As could be seen in Table III, when the mass flow rates
and channel angles are increased, the amount of heat
transfer and Reynolds number are increased but effec-
tiveness of heat exchanger is decreased.

As shown in Figs. 4–6, respectively, 30◦–45◦–60◦ angle
for the 0.2, 0.3, and 0.43 kg/s mass flow rate in the heat
exchanger temperature change. As can be seen in Fig. 6,
0.2 kg/s and 30◦ channel angle is the best effectiveness
in terms of process parameters and channel angle.

As shown in Fig. 7, respectively, 30◦–45◦–60◦ angle for
the 0.2, 0.3, and 0.43 kg/s mass flow rate in the heat
exchanger temperature change. As can be seen in Fig. 6,
0.43 kg/s and 30◦ channel angle are the best values for
the Reynolds number in terms of process parameters and
channel angle.

4. Conclusions

According to the obtained results, the increase in mass
flow rate leads to increase in the heat transfer rate. How-
ever, the mass flow rate is low, cold water outlet tempera-
ture and the hot water outlet temperature values showed
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no further change. In future studies, the specific appli-
cation used in micro-scale heat exchanger design can be
made taking into consideration the results of the study.
Micro-sized heat exchangers were designed with direct
metal laser sintering (DMLS) method that can manu-
facture one piece. This heat exchanger that would have
been manufactured by DMLS method can be done by
experimental tests in heat exchanger. As a result, im-
portance of the numerical analysis for the compact plate
heat exchanger in the manufacture, design and optimiza-
tion stage has emerged.
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