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Abstract

A radiator is a crucial component of the engine’s cooling system, responsible
for dissipating heat from a mixture of antifreeze and water. It releases excess
heat while allowing cool air to pass through before circulating the cooled fluid
back to the engine. One of the challenges of using a radiator is its installation
location in different vehicles. In passenger cars and trucks, the radiator is typ-
ically positioned at the front of the vehicle. As a result, in front-end collisions,
this compact and delicate heat exchanger is highly susceptible to severe dam-
age. Additionally, the leakage of coolant from the damaged radiator can further
compromise the vehicle’s functionality. The purpose of this research is to intro-
duce a new system consisting of a shell-tube heat exchanger that replaces the
traditional radiator while performing the same cooling function. This system
is designed with consideration of existing radiator-related issues, aiming to im-
prove both volume efficiency and safety. In this study, a low-error simulation was
conducted for the Om457-946 diesel engine produced by IDEM Tabriz Company,
which has a test report and an accurate performance curve. The results indicate
that the heat load at no load and 900 rpm is 65.3125, while at full engine load
and 2000 rpm, it reaches 120.9513. Additionally, the designed shell-and-tube
heat exchanger model has a 46% smaller volume compared to the current ra-
diator.The shell-and-tube heat exchanger is generally cylindrical in shape, but
in this study, the proposed exchanger is designed as a rectangular cube, taking
into account computational coefficients, pressure drop, and shape considerations.
This design change is one of the innovative aspects of the research. However, the
methods and equations used remain consistent with conventional shell-and-tube
exchangers. Another novelty of the research is that it increases the radiator’s
resistance while simultaneously reducing its volume.
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1 Introduction

A radiator is a heat exchanger used to transfer thermal
energy from one medium to another for cooling and
heating. The majority of radiators are constructed to
use in cars, buildings, and electronics. They act as a
source of heat to their surroundings, either to heat an
environment or to cool the fluid or coolant circulating
through them, as seen in automotive engine cooling
systems and HVAC dry cooling towers. Despite their
name, most radiators primarily transfer heat through
convection rather than thermal radiation.

Radiators are used for cooling internal combus-
tion engines, mainly in automobiles but also in piston-
engined aircraft, railway locomotives, motorcycles, sta-
tionary generating plants, and other applications where
heat engines are used. In contrast, watercraft typically
use liquid-liquid heat exchangers instead of radiators,
as they have an unlimited supply of relatively cool wa-
ter outside. Although the radiator, due to its loca-
tion in most land vehicles, is the most susceptible com-
ponent to damage in road accidents, changing its de-
sign and installation location to incorporate a heat ex-
changer may be a viable solution. This approach could
help prevent radiator damage during accidents and may
prove to be the only feasible option for enhancing ve-
hicle durability in such situations. A heat exchanger is
a system used to transfer heat between a source and a
working fluid. Heat exchangers are used in both cooling
and heating processes [1]. The fluids may be separated
by a solid wall to prevent mixing, or they may be in di-
rect contact [2]. They are widely used in space heating,
refrigeration, air conditioning, power stations, chemical
plants, petrochemical plants, petroleum refineries, nat-
ural gas processing, and sewage treatment. The classic
example of a heat exchanger is found in an internal
combustion engine in which a circulating fluid known
as engine coolant flows through radiator coils and air
flows past the coils. This process cools the coolant and
heats the incoming air. Another example is a heat sink,
which is a passive heat exchanger that transfers heat
generated by an electronic or mechanical device to a
fluid medium, often air or a liquid coolant [3].

The use of a shell-tube heat exchanger has no lim-
itations in terms of installation location. The main
difference lies in the use of a radial fan instead of an
axial fan. This shaft can either be directly connected
to the engine water pump shaft or powered by a sepa-
rate electric motor. Given the performance standards
of engine centrifugal pumps, which typically provide a
head pressure of around 6 psi, the pressure drop of the
proposed heat exchanger is fully accommodated. Ra-
dial fans are capable of generating a maximum head

of 300 millimeters of water. Under no-load conditions,
when the vehicle is stationary, the primary limitation
is the airflow pressure drop within the heat exchanger,
which will be optimized in future calculations for this
section. However, when the vehicle is in motion and the
engine RPM increases, the increase in head is first eval-
uated using the similarity principle for incompressible
flow turbomachines. Additionally, the dynamic head
of the air entering the engine compartment can also be
utilized to enhance performance.

The assumption of incompressible airflow, even at
high speeds and low temperatures, is based on the fact
that the Mach number of the airflow is less than 0.3.
For heavy-duty trucks operating at high torque and low
speeds, the pressure drop in the heat exchanger, filter,
and air passages can still be effectively managed. As
a result, the current radiator dimensions can be main-
tained, even with the presence of the air conditioning
condenser. The airflow caused by the truck’s move-
ment can be channeled, and the dimensions can be ad-
justed on the opposite side to create an air duct. While
maintaining the allowed flow velocity, this modification
will provide sufficient dynamic head before entering the
fan. The fan head is then added, covering all pressure
drops. Future calculations will be presented in tables
and diagrams, followed by discussion and conclusions.

2 Literature Review

Heat exchangers are almost the most widely used com-
ponent in physical and chemical processes. They can
be seen in most industrial units. They facilitate heat
transfer between liquid-liquid, gas-gas, or gas-liquid
systems. Heat exchangers are utilized across a wide
range of applications. These applications include power
plants, refineries, petrochemical industries, building
and production facilities, process industries, food and
pharmaceutical industries, metal smelting, as well as
heating, ventilation, air conditioning, refrigeration sys-
tems, and space applications. Various devices such
as boilers, steam generators, condensers, evaporators,
coolers, cooling towers, fan coil pre-heaters, oil coolers,
heaters, radiators, furnaces, etc. all function as types
of heat exchangers [1]. Heat exchangers are among the
most critical equipment in power plants and refineries,
playing a key role in heating or cooling process flu-
ids. In fact, a distillation column in a refinery consists
of multiple heat exchangers. Their significance lies in
ensuring that process fluids reach the required temper-
ature conditions; failure to do so can disrupt the oper-
ation of refineries and industrial or chemical units [2].
The wide range of applications for high-pressure heat
exchangers necessitates a detailed study and analysis
of their specific characteristics, especially when com-
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pared to other types, from an engineering perspective.
Therefore, this section will present several studies and
works conducted in the field of heat exchangers. Shell
and tube heat exchangers, for example, can be classi-
fied based on various criteria: (1) Type and contact
surface of hot and cold fluids, (2) Flow direction of hot
and cold fluids, (3) Heat transfer mechanism between
fluids, and (4) Mechanical structure and construction
of exchangers [3].

Shell and tube heat exchangers are the most com-
mon and widely used non-fired heat transfer equipment
in various industries. Their unique design allows them
to withstand high pressures and temperatures exceed-
ing 30 bar and 260 ◦C. The tubes, which can be finned
or unfinned, are arranged parallel to the longitudinal
axis of the shell. A shell and tube heat exchanger con-
sists of a cylindrical shell housing tubes inside. The
tubes are connected at both ends to perforated plates
known as tube sheets. As the tubes pass through the
system, they are held in place by a series of plates
called baffles, which direct the shell-side fluid to flow
perpendicular to the tubes. The combination of tubes
and baffles forms what is called the tube bundle. Tie
rods and spacers are used to secure the tube bundle
in place. Fluids enter and exit the tubes via special
channels referred to as fixed heads and floating heads,
which are sometimes also referred to as inlet and outlet
heads [4]. The choice of heat exchanger type depends
on factors like ease of cleaning, temperature difference
predictability, and the effects of expansion and con-
traction on the tube bundle, shell, and other internal
connections. Boot et al. investigated a coil heat ex-
changer under sudden changes in water flow rate and
derived formulas for the time constant [5]. Pearson ex-
amined a double-pipe heat exchanger, focusing on step
changes in the inlet temperature of one fluid stream [6].

Heidi examined the same situation with step
changes in the inlet temperature of both water and
air streams. He derived the governing equations and
analyzed their impact on temperature and flow rate
[7]. Ratzle and Schwan used different flow distribution
models on the shell side to analyze the transient be-
havior of a heat exchanger due to step changes in the
inlet temperature of both fluids. They considered both
co-current and counter-current flow configurations [4].
The governing equations were solved using the Laplace
transform. The study investigated the effects of un-
even flow distribution near the shell walls and the in-
fluence of the shell wall’s heat capacity on the sys-
tem’s transient behavior. Results indicated that the
Nusselt number (Pe) quantifies the impact of uneven
flow distribution, which remains constant over time
but becomes negligible after a certain threshold time
(z). This threshold is determined by parameters such

as the Nusselt number (Pe), the Number of Transfer
Units (NTU), and other factors [8]. Ataer et al. stud-
ied the dynamic behavior of finned-tube heat exchang-
ers. They investigated the effect of a step change in
water inlet temperature on the exchanger’s response
using three methods. In the first method, they ignored
the heat capacity of the fins and tube walls.

In the second method, they assumed the heat ca-
pacity of the fins and tube walls to be identical, while in
the third method, they considered them separately. As-
suming a constant temperature difference between the
inlet and outlet of both fluids, the researchers applied
energy conservation equations and solved them numer-
ically to analyze the system’s response to step changes
in water inlet temperature. They then compared the
results from each method with experimental data. The
results obtained from Method 3, which considered sep-
arate heat capacities, matched the experimental data
most closely [9].

In a separate study, they examined time delay and
the time required to reach a steady state, proposing
a method to analyze the transient performance of the
heat exchanger in response to changes in inlet air tem-
perature, air velocity, and water flow rate. Addition-
ally, they analyzed the transient behavior of finned-
tube heat exchangers using an approximate method
[10]. Sharifi et al. investigated the transient behav-
ior of a plate-and-frame heat exchanger subjected to
step changes in water inlet temperature. They used a
lumped parameter model to simulate the temperature
profiles along the flow channels. The model’s results
were then compared with experimental data for both
steady-state and transient conditions. The lumped
parameter model they developed is a generalized ap-
proach applicable to analyzing the transient behavior of
various plate-and-frame heat exchangers, regardless of
their size [11]. Grittoff et al. conducted a comparative
study of steady-state and transient methods for mea-
suring local heat transfer [12]. They found that the re-
sults obtained under steady-state conditions were more
consistent with numerical predictions [12]. Lou and
Ratzlaff explored the transient behavior of finned-plate
heat exchangers under sudden changes in fluid temper-
atures. They formulated the governing equations for
the problem and solved them using the Laplace trans-
form method after non-dimensionalizing the equations.
For aluminum finned-plate heat exchangers, the trans-
verse thermal resistance in the fins was assumed to be
negligible. The authors also stated that the solution
method could be extended to other types of heat ex-
changers, with the governing equations being easier to
solve for non-finned heat exchangers [13].

Ranong and Ratzlaff investigated the steady-state
and transient behavior of two coupled heat exchang-
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ers with different inlet and outlet flow arrangements.
They employed the Laplace transform method to ana-
lyze and solve the effect of flow rate and inlet temper-
ature variations on the heat exchanger performance.
Their findings revealed that in plate-fin heat exchang-
ers, the fins and separator plates exhibit distinct tran-
sient thermal behaviors, leading to lateral heat conduc-
tion in the fins [14]. Ribeiro et al. presented a numeri-
cal solution for the steady-state simulation of plate heat
exchangers (PHEs). Their method considered various
flow configurations including countercurrent, concur-
rent, or a combination of these patterns arranged in
series or parallel. They validated their numerical re-
sults by comparing them with analytical solutions for
simple cases and experimental data. The authors suc-
cessfully applied their algorithm to simulate an indus-
trial PHE used for milk pasteurization, demonstrating
the effectiveness of their approach [15].

In this study, considering that in a car crash, the
radiator – positioned at the front of the vehicle – is
quickly damaged, leading to coolant leakage and even-
tual engine failure, a new cooling system design is pro-
posed. Based on previous research, this article presents
a coolant cooling heat exchanger that can be installed
in an alternative location within the vehicle. This de-
sign not only reinforces the water tank but also ensures
the proper functioning of the cooling system, prevent-
ing engine failure and vehicle stoppage.

3 Explanation of the Problem

3.1 Assumptions

1. Steady-state analysis

2. The heat exchanger calculations are performed
for the engine idle state, which represents the
lowest airflow rate. These calculations serve as a
baseline for evaluating the heat exchanger’s per-
formance under different engine speeds and loads.

3. According to the relevant standard, the coolant
exiting the engine thermostat is set at 180 ◦F,
while the return coolant temperature from the
radiator is 170 ◦F. The coolant flow rate is deter-
mined based on engine test data and the corre-
sponding heat load of the coolant.

4. The ambient conditions for the airflow (consid-
ered the cool fluid) are assumed to be standard.
This corresponds to an absolute pressure of 1 at-
mosphere (325 kPa or 24.6 psi) and a temperature
of 25 ◦C (77 ◦F).

5. The heat exchanger design was optimized while
considering limitations on airflow pressure drop,
overall heat exchanger dimensions (assumed to be
a rectangular box shape), water flow velocity (be-
tween 4 and 8 fps), and head velocity (between
25 and 40 m/s). After performing calculations,
the most suitable configuration was found to be
water flowing through the tubes and air flowing
inside the shell of the heat exchanger.

3.2 Experimental results

According to Table 1, which summarizes the Euro IV
engine test results for OM456 type 649 and 945 engines
produced by IDeM Tabriz under license from Daimler-
Chrysler Germany, the following engine heat loads will
be used for further calculations: No-load condition:
3125 kW at 900 RPM Full-load condition: 9513 kW
at 2000 RPM

Table 1. Summary of test results for motor heat load

Cooling
water Heat

(kW)

Thermal
efficiency

(%)

Heat Pro-
duction
(kW)

Fuel consumption
mass flow rate

(kg/s)

Specific fuel
consumption
(gr/kW.hr)

Power
(kW)

Torque
(N.m)

RPM
Motor
type

OM457(956)

900 1260 118.7 200 0.006 276.5 42.95 65.31
1300 1250 170.1 194 0.009 384.1 44.29 93.59
1700 1210 215.4 198 0.011 496.3 43.10 118.5
2000 1050 219.9 223 0.013 570.7 38.53 120.9

OM457(945)

900 1550 146.08 200 0.008 340 42.96 80.34
1300 1595 217.1 196 0.011 495.2 43.84 119.4
1700 1430 254.5 198 0.014 586.5 43.40 140.0
2000 1245 260.7 222 0.016 673.6 38.71 143.4

A full engine test report for the discussed engine is
also provided in the appendix. This report serves as a
sample and includes 5 out of 30 rows of data. Each row

contains 16 columns with various engine performance
parameters. The data was obtained using AVL’s test-
ing procedure in a test cell at the engine manufacturer’s
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facility and is labeled as a “performance test.” The in-
formation in Table 1 was extracted from the data in this
test report. The appendix includes an additional docu-
ment besides the sample engine test report, whichpro-
vides performance characteristics for two OM457 en-
gine types. This document includes graphs that show
brake power, brake torque, and specific fuel consump-
tion as functions of engine speed.

Table 2 shows the results of tests measuring the
radiator outlet water temperature and the water tem-
perature returning to the engine. The table includes
data from five performance test runs at four different
engine speeds. Additionally, the average temperatures
for each engine speed are calculated and displayed in
the table.

Table 2. Test results of cooling water returning to motor (radiator outlet)

RPM 1st test 2nd test 3rd test 4th test 5th test Average

900 79.00 76.00 73.50 74.40 74.10 75.40
1300 77.50 76.35 76.00 74.45 74.35 75.73
1700 76.70 77.96 75.90 76.72 74.7 76.40
2000 78.00 78.20 77.80 77.50 75.00 76.50

Total Average 76.033

Based on the data in Table 2, the average engine re-
turn coolant temperature is 76.77 degrees Celsius. This
temperature is somewhat influenced by the tempera-
ture of the test cell. However, when compared to the
reference temperature of 170 ◦F, the error is less than
1%.

4 Governing Equations

Based on the average standard inlet and outlet temper-
atures of the engine coolant, and using the properties of
water from relevant tables, the water flow rate can be
calculated in the following manner using the principle
of energy conservation in a steady state.

Qcc = m0Cpw∆Tw (1)

Table 3 compares the measured volumetric flow rate of
water in the test cell with the results calculated using
Equation (2). The table shows a very small relative er-
ror between the two values, indicating good agreement
between the experimental and computational methods.

Since the critical heat transfer condition for the heat
exchanger occurs at engine idle speed (900 rpm), it is
essential to consider the minimum allowable velocities
for both the hot fluid (water) and the cold fluid (air).

V̇w = VwAc = VwNt
Π

4
D2

it , (2)

hi = 5.678 (0.913− 0.42 logD2
i )

× (165 + 1.7tm)V 0.805
fps . (3)

Now, referring to Table 4, which contains the specifi-
cations of the heat exchanger tubes extracted from rel-
evant standard tables, we will use the previously men-
tioned equations to calculate the following: the num-
ber of tubes in each water flow passage, the modified

velocity of the water within the tubes (accounting for
non-uniform flow distribution), and the convection co-
efficients, which represent the rate of heat transfer be-
tween the water and the tube surface.

The following calculations show that the air-side
convection coefficient is lower than the water-side con-
vection coefficient. This means that the air side acts as
the controlling film for heat transfer. As a result, tube
size has minimal impact on the overall heat transfer co-
efficient of the heat exchanger. Instead, the emphasis
should be on maximizing the heat transfer area. The
analysis of the last column in Table 4, which presents
the heat transfer area per unit length per pass with a
constant tube spacing factor, reveals an interesting re-
lationship. Given a fixed heat transfer area required for
airflow, the heat exchanger’s width remains unchanged
regardless of the tube diameter. Therefore, tube di-
ameter selection can be based on the allowable pres-
sure drop for airflow. In simpler terms, as long as the
total heat transfer area is achieved, a wider heat ex-
changer with smaller tubes will perform the same as
a narrower one with larger tubes. However, smaller
tubes will cause a higher pressure drop for the airflow.
Additionally, the airflow rate is determined based on
the specified inlet and outlet temperatures.

Q̇ = maĊpa∆Ta , (4)

Cn = ṁwCpw , (5)

Cc = ṁaCpa , (6)

C =
Cmin

Cmax
, (7)

ϵ = ϵc =
t2 − t1
T1 − t1

. (8)

The ratio between the cold fluid’s heat capacity flow
rate and the temperature flow rate, often referred to as



280 Hydrogen, Fuel Cell & Energy Storage 4(2025) 275–284

the thermal efficiency in this context, is given by:

Ntu = −1

c
ln
[
1 + C ln(1− ϵ)

]
, (9)

uA = NtuCmin . (10)

The subsequent calculations indicate that, under

optimal conditions – considering heat exchanger vol-
ume and sufficient heat transfer surface – a 4/3-inch
pipe with short integral fins (19 fins per inch)and an
inner diameter of 14 millimeters is the preferred choice.
Its standard specifications before and after finning are
given in Tables 5 and 6.

Table 3. Test results for cooling water mass flow rate and heating load

Motor type RPM
Heat
Load
(kW)

Calculated mass flow
rate of cooling water

(kg/s)

Calculated volumetric
flow rate of cooling

(kg/s) water

measured mass flow
rate of cooling water

(kg/s)

Relative
error
(%)

OM457(945)

900 65.31 2.799 2.8817 2.88 0.0342
1300 93.59 4.011 4.1295 4.130 0.0345
1700 118.47 5.075 5.2273 5.229 0.0340
2000 120.95 5.187 5.3365 5.338 0.0348

Table 4. Number of tubes in one pass and convection heat transfer coefficient dependent on tube diameter

The outer
diameter of
the tube (in)

BWG
Thickness
of tubes

Inner
diameter of
pipes (in)

Number
of tubes

Modified
velocity
(fps)

Heat transfer
coefficients
(W/m2 k)

Aht/L
(m2/m)

3/4 18 0.049 0.65 11 3.99 7930.5 0.658
5/8 19 0.042 0.54 16 3.98 8193.4 0.797
1/2 20 0.035 0.43 25 4.03 8617.8 0.997
3/8 20 0.035 0.30 50 4.01 9078.4 1.496
1/4 20 0.028 0.19 124 3.99 9715.5 2.473

Table 5. Tube specification without fin

O.D
BWG

L I.D
OD/ID

Inch mm Inch mm Inch mm

1.15 16.5 0.65 1.24 0.04 18 19.0 3/4

Table 6. Finned tube specification

Manufacturer classification T (mm) H (mm) Di (mm) FRI Aof/Ai

MLF1919135 1.35 1.175 14 19 3.5

Where ϵ is the initial thickness of the pipe, I.D. is
the inner diameter of the pipe before finning, t is the
thickness of the pipe from the base of the fin to the
inner wall, h is the fin height, and Di is the inner di-
ameter of the pipe after finning. Based on the informa-
tion obtained from the manufacturer of short integral
finned copper tubes of Mehr Asl Tabriz Company, the
necessary calculations have been performed and the ge-
ometric specifications required for fin efficiency are as
follows: Finthickness in 0.5 mm and fin height is 1.175
meters according to the following equations:

ηf = tgh(ml)/(ml) = 99.88% , (11)

m =

√
h0

kfζf
, (12)

η0 = 1− β(1− ηf ) . (13)

The calculation of the convection coefficient (hconv) for
hot water flowing inside the pipes requires considera-
tion of the minimum allowable velocity of 4 feet per
second.

ẇw = Nt
π

4
D2

itV , (14)

Ntu = 15 , (15)

hi = 8352 . (16)

Using the Jakob experimental correlation for staggered
tube banks:

∆p =
2fG2

maxNrow

pt

(
Mw

Mb

)0.14

, (17)
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f =

[
0.25 +

0.118(
sn
d − 1

)1.08
]
Re−0.16

f,max , (18)

Mw

Mb
=

0.0452tw + 17.307

0.0452tb + 17.307
, (19)

tb = tm = 32.5oc , (20)

Pb =
2Pi −∆p

2RaTm
=

Pi − ∆P
2

RaTm
, (21)

Pi = Patm + Pfan −∆Pk (22)

∆Pk = ∆Pduck +∆Pinlet . (23)

∆Pduck the pressure drop in the air duct from the
fan outlet to the inlet header of the heat exchanger,
along with the dynamic head corresponding to the dis-
charge velocity of the heated air into the atmosphere
should also be taken into account. However, in general,
neglecting these factors will not significantly impact the
specific gravity. Ignoring the resistance of the pipe wall
and fouling resistances, the wall temperature can be es-
timated as follows as an initial reliable estimate:

tw =
hiAitbi + hotbo
hiAi + hoAo

. (24)

Since the outer surface is finned, it is essential to ac-
count for the ratio of the outer to inner surface areas
as well as the overall efficiency of the outer surface in
the heat transfer calculations.

tw =
ho

(
Ao

Ai

)
ηotbo + hitbi

ho

(
Ao

Ai

)
ηo + hi

, (25)

tf =
1

2
(tw + tbo) , (26)

Nuso =
hoDo

kf
= c(Ref,max)

nPr
1
3

l . (27)

From now on proper constraints will be applied:
1. The maximum air velocity between the pipes

should not exceed 25 meters per second. There-
fore, when determining the width and length of
the opposing surface, the volumetric airflow rate
must be considered to ensure compliance with
this limit.

2. The minimum allowable water velocity of 4 me-
ters per second will be the determining factor for
calculating the number of pipes in each water flow
passage.

3. Maximum pressure drop of the water flow con-
cerning the heat transfer duty of the heat ex-
changer and taking into account the pressure
drop in the transfer and circulation paths be-
tween the passages must not exceed 6 psi.

The maximum pressure drop of the airflow, con-
sidering the appropriate longitudinal and transverse

pitch for the pipes, as well as the maximum heat ex-
change duty, must not exceed 300 mm-WG. This in-
cludes accounting for the pressure drop along the air-
flow path, changes in direction, and the transition of
the air carrier diameter to the exchanger inlet section.
Given the aforementioned constraints and solving the
system of equations derived from the heat transfer,
heat exchanger surface area, heat exchange duty, and
flow pressure drop, interpolation using Grimmison &
Jakob’s multipliers for a staggered tube array config-
uration is required. This leads to the results given in
Table 7 for the minimum cooling capacity of the heat
exchanger.

Table 7.

Sn/d Sp/d C N Nrow

2.5 1.25 0.5775 0.559 10

W L Nt Npass NTPP

38.1 65.7 75 5 15

H Dit Not Ao/Ai η

23.8 14 3/4 3.5 0.999

R Rdi Ho Hi Vma

0.001 0.0005 231.45 8352 24.99

Also, it can be said that:

uo =
[ 1

no
+

ηoA0

Ai

1

hi
+

Do

2Kw
ln

(
ηoA0

Ai

)
+Rdo +

(
ηoA0

Ai

)
Rdi

]−1

, (28)

uoAo = uiAi . (29)

Using a longer length to achieve the maximum al-
lowable flow velocity between pipes for minimum pres-
sure drop, as per the law of conservation of mass, will
result in a value of 7/65. However, this approach will
also lead to an increase in sedimentation time. The
novelty of this study can also be summarized as fol-
lows:

1. Freeing up the radiator installation space to cre-
ate a low-temperature installation space for the
car air conditioner condenser.

2. Removing the electric motor that drives the fan
for airflow through the radiator, in order to cre-
ate more accessible space for repairs, reduce the
car’s front length, and lower electrical consump-
tion. This also enhances reliability by reducing
the number of dynamic engine parts.

3. Directly connecting the radial fan to the water
pump ensures that the cold and hot flows in the
exchanger operate in parallel. As engine speed in-
creases, the water pump speed rises, which boosts
the cooling water flow rate. Additionally, the in-
creased pump shaft speed causes the fan speed
to increase, thereby enhancing the airflow rate.
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When engine speed decreases, the opposite oc-
curs, and the flow rates adjust in parallel. This
synchronization leads to a near stabilization of
the exchanger’s effectiveness.

4. Replacing the radiator with a shell-and-tube heat
exchanger that can be installed in various spaces
around the engine ensures the engine’s safety in
the event of an accident. In such situations,
the radiator often collapses, causing the engine’s
cooling water to leak and rendering the engine
unable to operate, which can prevent the vehicle
from moving.

5 Validation

Given that little to no similar work has been done on
this subject, a dimensionless parameter, the Reynolds
number, was used to validate the heat exchanger de-
sign. The results were then compared with the findings
of R. Gugulothu and N. Sanke’s research [16]. The
results showed acceptable overlap and the calculated
error percentage was 0.53%.

6 Results

Given the dimensions of the radiator window in trucks
with power above 100 kW, as well as the radiator’s
thickness, the volume of its core is approximately
118,800 cubic centimeters. However, the proposed heat
exchanger has a core volume of 5/59,575 cubic centime-
ters.

This implies that the total volume of the radia-
tor, including the high and low-temperature headers,
is approximately 147,690 cubic centimeters. In con-
trast, the proposed heat exchanger, including the wa-
ter flow headers and airflow conversion channels, has a
calculated volume of 124,053.6 cubic centimeters, rep-
resenting a 27.19% reduction in total volume.

According to the calculations performed and the
technical specifications provided by Idem Tabriz Com-
pany, a comparison of the designed dimensions of the
heat exchanger with the radiator is presented in Ta-
ble 8.

Table 8. Comparing the designed heat exchanger
with radiator

Length
(cm)

Height
(cm)

Width
(cm)

Volume
(cm3)

Radiator 12 120 75 108000

Rectangular
Cube cube

H.E.
64 24 38 58368

Fig. 1. Schematic of Heat Exchanger

Fig. 2. Geometric specification of the heat ex-
changer plate

Fig. 3. Figure 3: Overal schematic of heat ex-
changer
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This comparison clearly shows that the dimensions
of the heat exchanger designed in this study are 46%
smaller than those of conventional car radiators.

Calculations were performed for the maximum al-

lowable airflow velocity of 40 meters per second and the
maximum allowable water flow velocity of 8 fps. The
results for both no-load and full-load engine conditions
were compared, as shown in Table 9.

Table 9. The results of No load and a full load of the engine

RPM
Radiator Heat
Load (kW)

Air Mass
Flow Rate
(kg/s)

Maximum
Velocity of
air (m/s)

Air Inlet
tempera-

ture

Outlet Air
Temperature

Pressure Drop
in Air Flow

Rate

Total Pressure
Drop (mm

wG)
900 65.31 4.33 25 25 40 85 287.3
2000 120.9 6.93 40 25 42.35 202 720.0

Efficiency
of fan

Colling Water
mass Flow
Rate (kg/s)

The
velocity of
water in
tubes
(m/s)

Cooling
water inlet
tempera-

ture

Cooling
water

outlet tem-
perature

Water Pressure
Drop in the

heat exchanger
(Pa)

Total pressure
drop of water

(Psi)

100 2.79 4.09 180 170 0.55 1.2
35.5 5.18 7.59 180 170 1.90 4.3

Water
Pump

Efficiency

Internal
surface of heat

transfer

The
external
surface of

heat
transfer

Effectiveness
of external
surface

Convection
heat

transfer
coefficient
of airside

Convection
heat transfer
coefficient of
waterside

Overall heat
transfer

coefficient of
HX

Temperature
efficiency of

heat exchanger

100 2.11 7.38 99.9 231.4 8352 190.3 26.21
57.8 2.11 7.38 99.9 300.9 1314. 244.3 30.23

Given that the fan generates a pressure head of 300
mm-wG, when the engine is operating at full load, the
increase in speed and heat load of the replacement heat
exchanger results in an additional pressure drop of ap-
proximately 420.004 mm-wG imposed on the system.
This additional pressure drop must be compensated for
by the dynamic head of the vehicle’s speed. Calcula-
tions show that if the vehicle’s speed is 60 km/h, ap-
proximately 17.7% of the radiator mounting window
height should be allocated to the air inlet duct. This
duct should be converted into a circular shape with
a diameter of 20 cm leading to the fan inlet, thereby
providing the required pressure head.

Of course, if the vehicle is moving at a higher speed,
the increase in speed and pressure drop will be offset
by the dynamic head generated from the airflow veloc-
ity at the fan inlet. As a result, the additional pressure
drop will be compensated for, and the outlet tempera-
ture of the airflow from the heat exchanger will remain
below 35.42 degrees Celsius.

7 Conclusion

The designed exchanger has a core volume of 59,575.5
cubic centimeters, while the core volume of the radia-
tor in trucks with a power output of more than 100 kW
is about 118,800 cubic centimeters, taking into account
the dimensions of the radiator window and the thick-
ness of the radiator.

This means the total volume of the cooler, includ-
ing the upper and lower temperature headers, is ap-
proximately 147, 690, 0m3, while the desired exchanger
volume, including the water flow headers and air flow
conversion ducts, is approximately 124, 053.6m3.

Given that the fan produces a pressure head of 300
mm WG, when the engine operates at full load, an ad-
ditional pressure drop of approximately 420 mm WG
is introduced to the system due to the increased speed
and heat load of the radiator-replacing exchanger. This
additional pressure drop must be compensated by the
dynamic head generated by the vehicle’s speed. For
instance, at a speed of 60 km/h, 17.7% of the window
height would need to be allocated for the airflow. Ul-
timately, the novelty of the present study lies in modi-
fying the shape and volume of the radiator, optimizing
its design, and enhancing its physical resistance during
accidents.
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