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Abstract 

This master thesis inspects the convective heat transfer on coolant hoses within electric 

vehicle (EV) under-hood parts. The focus is on the influence of air flow generated by a 

fan on the convective heat loss from the coolant hoses and its following impact on the 

overall cooling system performance. Due to the low magnitude of heat loss which 

cannot be recognized from measurement system errors in a complete vehicle test, a 

simplified experimental rig is used. Computational Fluid Dynamics (CFD) simulations 

are done to provide a comprehensive analysis comparable with experimental results. 

Key factors such as coolant flow rate and air temperature are studied for their impact 

on heat transfer coefficients. The study objects to improve the accuracy of one-

dimensional simulation models by validating them by the experimental data achieved. 

The results indicate the noteworthy influence of coolant flow rate on the heat transfer 

coefficient and underline the significance of using highly accurate measurement 

devices, mainly flowmeters, to minimize uncertainty and error in experimental data. 

This research contributes to the optimization of EV cooling systems by offering a better 

understanding of the convective heat transfer mechanisms impacting coolant hoses. 

 

Key words: convective heat transfer, coolant hoses, electric vehicles, CFD simulation, 

cooling system performance, heat transfer coefficient. 
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1 Introduction  

1.1 Background 

Global warming and climate change problems caused by rise in consuming fossil fuels 

has resulted in growth in development of zero tailpipe emissions vehicles. An important 

development towards ecofriendly transportation is electric vehicles (EV) [1,2]. Even 

with their increased efficiency and zero tailpipe emissions, EVs powered by batteries 

still face challenges with safety, range, cost, and low battery performance in extreme 

temperatures. The main reason behind the slow growth of EVs in the market is their 

vehicle range. While increasing an EV's battery capacity can extend its range, doing so 

may also result in an increase in the vehicle's weight, volume, and cost [1,3]. Reducing 

the power consumption of EVs' climate system is an alternative method. This can be 

accomplished in two ways: by making the air conditioning (AC) system more efficient 

and by lowering the climate control load in EVs. Consequently, researchers and 

automakers have given electric vehicle thermal management (EVTM) solutions high 

attention. As vehicle electrification and knowledge progress, these systems strive for 

optimal operating temperatures and enhance energy utilization efficiency [3,4]. 

 

In vehicles with internal combustion engines (ICE), the ability to meet the heating 

capacity is typically taken for granted in cold climates because there is always enough 

waste heat from the engine. For EVs in cold climates, however, the heating objective 

needs to be carefully chosen to achieve high efficiency, since there is no waste heat 

from engines. Furthermore, Therefore, additional energy is often required that can be 

provided by a positive temperature coefficient (PTC) heater and a heat pump (HP) 

system [2, 4, 5, 6, 7]. The AC system in EVs uses a significant amount of battery power 

to heat and cool the cabin to enhance passenger thermal comfort, significantly reducing 

the EVs' driving range. This suggests that maintaining a high enough temperature inside 

EV cabins may be a significant factor in decreasing driving range. As was previously 

noted, PTC is widely used for cabin heating. PTC-based electric heater systems can be 

installed at low costs, but because they rely on electric conversion, they consume a lot 

of battery power when in use, drastically reducing the range of the vehicle [1]. 

 

In contrast to PTC heaters, HP systems enhance heating efficiency by transforming 

atmospheric heat. HP systems can also utilize the limited waste heat from the electric 

motor or the battery to support the cabin heating or dehumidification process. At an 

ambient temperature of -7 C, the coefficient of performance (COP) of HP systems with 

the same system components is close to 2 [5]. By this COP value HP system can provide 

heat to the cabin double the amount of consumed electricity. At an ambient temperature 

of -10 C, it was observed that the driving range of the electric vehicle with HP heating 

increased by 23% compared to that with PTC heating [6]. However, a disadvantage of 

the HP system is that as the outside temperature lowers, its heating capability drastically 

decreases as well [2, 5]. This is one of the main challenges for optimization of thermal 

system in extreme weather conditions. The choice of the heat source in the EVs thermal 

system is dependent on various circumstances but HP system appears to be a promising 

choice for future thermal management systems. The heat source can be used in each of 

thermal systems in EV or somehow integrate them. For this, first EVs thermal 

management systems should be introduced. 

 

The three primary systems that make up the battery electric vehicle (BEV) thermal 

management are battery thermal management (BTM), motor thermal management 
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(MTM), and cabin thermal management (CTM), which are responsible for power 

batteries, electric motors (EM), and cabins on an EV [6]. In  Here, BTM, MTM, CTM 

and the integrated thermal management system are explained. 

 

1.1.1 Battery thermal management (BTM)  

The electrochemical process produces a lot of heat inside the battery, which may cause 

the temperature to rise quickly, negatively impacting its functioning efficiency, and 

possibly even result in safety issues [2]. Also, the batteries operating in extremely hot 

temperatures experience a decline in performance [4]. On another way, due to the 

battery's deterioration during low-temperature operation, EVs are less competitive with 

ICE vehicles in places with cold climates. Many methods for preheating batteries before 

and while charging or usage have been suggested to lessen the effect of winter ambient 

temperature on batteries [1]. Battery thermal management can be divided into three 

categories: liquid, phase change material (PCM), and air cooling. The selection of 

coolant and cooling mode, geometric structure optimization, flow rate and direction 

control, etc. are the primary areas of current research attention. For both summer 

cooling and winter preheating, the liquid-based cooling method is suitable. Liquid-

based cooling methods are currently commonly used by EV manufacturers, particularly 

in BEVs, due to their high cooling capability and reliability. However, it should be 

mentioned that EVs using BTM with liquid cooling need additional components, 

including a heat exchanger and pump [1, 4, 6]. Many liquid-cooling BTMs use the 

water-glycol mixture because it reduces the freezing point [6]. Using these usual 

methods, the cooling capacity of the battery temperature control system must be set 

high enough to prevent the battery from reaching an excessively high temperature 

resulting in an oversized thermal management system [2].  

 

1.1.2 Motor thermal management (MTM)  

The growing popularity of electric vehicles raises the need for highly efficient and 

high power-density electric motors, which increases the amount of heat produced in the 

motor's limited effective cooling space [4]. The two most popular cooling techniques 

for motor cooling are liquid and air cooling. Liquid cooling has a higher specific heat 

than air cooling and has the ability to independently change the system temperature as 

needed. Liquid cooling may efficiently address the heat dissipation issue of high-power 

motors and enhance the efficiency and lifespan of the motor, power electronics, and 

other components of new energy vehicles. Electrical motors can also be cooled by 

lubricating oil. The motor thermal management (MTM) that uses liquid is more 

efficient than one that uses air because liquid has a higher heat transfer coefficient [4,6]. 

Water's high heat capacity and low cost make it the most popular coolant for EMs in 

EVs. The water-based MTM is more efficient than the oil-based one for the same 

channel configuration [6]. 

 

1.1.3 Cabin thermal management (CTM)  

Most of electric vehicles use AC system to keep the cabin cool. Typical components of 

an EVôs AC system are a compressor, two blowers, an evaporator, a condenser, and an 

expansion valve. The evaporator and an additional blower are situated within the cabin, 

but the condenser and one of the blowers are situated outside. PTC heaters and HPs are 

the most common cabin heating options for pure EVs; with PCM as an alternative [6]. 
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1.1.4 Integrated thermal management system 

The significance of EV thermal management systems is increasing due to the 

advancements in vehicle electrification and knowledge. These systems ensure that 

functional units operate at the ideal temperature and enhance the vehicle's energy 

efficiency. The cabin, battery, motor, and power electronics in typical thermal 

management system solutions are independent and managed in different ways, resulting 

in a complicated system with many pipes and components, limited collaboration, and 

high-power consumption [4]. An electric vehicle's integrated heating system for both 

the cabin and the battery could be used to solve the issue of the heating system's battery-

power consumption at lower ambient temperatures. Multiple thermal management 

systems are combined into an organic whole by the integrated thermal management 

solution. Maximizing a systematic design is only possible by combining the needs and 

applications of every thermal management system into one integrated system. In order 

to encourage the popularity of EVs in extreme climate conditions, integrated thermal 

management systems are a crucial and necessary step [1, 4, 6, 7]. 

 

1.2 Previous studies 

Water glycol mixture coolant is usually used for ED system cooling and BTM system 

[8]. The Coolant flows between different components in EV under-hood via coolant 

hoses and a fan is used to flow air into the coolant heat exchanger and thereby remove 

heat from the coolant circuit in EV under-hood. 

 

In the work done by Shim and Park [9], a transient analytic technique was applied to 

engine cooling and under-floor heat protection during vehicle development. The 

research examines cooling performance and thermal damage, particularly post-ignition-

off after uphill driving, using CFD codes Star-CCM+ and RadTherm. The method 

provides precise estimates of temperature distribution and variations over time and has 

been tested against wind tunnel testing.  

 

Ljungskog and Nilsson [10] have compared two approaches with various meshing 

techniques in order to estimate the development of a highly automated CFD model for 

under-hood compartments. They have developed two methods with different mesh 

settings utilizing STAR-CCM+ for CFD analysis. The method with polyhedral mesh 

has indicated higher efficiency and better convergence than the other one but both 

methods have underpredicted the heat rejection considering the validation tests, which 

calls for deeper investigation and complete validation in these methods. 

 

This coolant hoses can be influenced by excess heat released from each of the 

components which is addressed as heat pick up. Borg and Owen [11] in a thesis work 

investigated heat pickup in vehicle cooling system hoses, examining its impact on 

coolant temperature due to temperature variations in the under-hood compartment. 

Experimental measurements and CFD modeling were employed to quantify the 

phenomenon's effects and improve the accuracy of 1 dimensional CFD modeling for 

the entire cooling system.  

 

Conversely, fan air flow can also have a side effect on coolant hoses. The air flow in 

EV under-hood can cause convective heat loss from coolant hoses. The heat loss caused 

by fan flow can impact the cooling system performance and reduce its efficiency. By 
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quantifying the heat rejected from each coolant hose, the impact of this energy loss on 

total energy efficiency of EV will be indicated.  

 

The convective heat transfer between flow in the pipe and air cross flow over the pipe 

has been investigated in many studies. Hatton et al. [12] presented experimental 

findings on mixed convection regime around electrically heated cylinders, which 

covered a wide range of forcing velocities and temperature differences. He proposed 

correlations for forced and natural convection conditions, with an additional correlation 

acquired for combined forced and natural convection regions, showing good agreement 

with experiments. 

 

Despite all the studies in the area of convective heat transfer from pipes affected by 

cross sectional air flow, there is limited research in the area of heat loss from coolant 

hoses which are affected by air flow in vehicle under-hood area. This topic is the focus 

of this study. It is intended to quantify and predict the heat loss from coolant hoses 

affected by air flow by simulations. The results can later be used for improving thermal 

1 dimensional modeling. 

 

1.3 Objective 

For the specific case of this study based on the material of hose, the temperature of the 

coolant and fan flow rate, heat loss of each hose has a low order of magnitude that 

cannot be distinguished from the measurement error. This issue makes it difficult to 

determine the convective heat losses of coolant hoses in the complete vehicle tests. 

Therefore, a simplified rig is utilized to mimic the same process with modified 

conditions. In this study it is intended to provide a comprehensive CFD comparable 

with experimental results from the simplified rig by analyzing the influence of key 

factors. 

  



 

CHALMERS, Mechanics and Maritime Sciences, Masterôs Thesis 2024  5 

 

2 Theory 

In this section the relevant theory for heat loss prediction in coolant hoses is briefly 

explained. It is important to have a good understanding of the fundamental relations in 

both areas of fluid dynamics and heat transfer to be able to conduct them properly. In 

this case the main reason is to predict heat loss. Numerical methods used for simulation 

is also described in this section.  

 

2.1 Heat transfer 

Fundamentals of heat transfer are important in understanding of the heat loss from 

coolant flow inside the hoses to the under-hood air flow. According to the basis of the 

heat transfer, heat is transferred between two media if there is a temperature difference 

between them [13]. And heat is always transferred from medium with high temperature 

to medium with low temperature. Heat can be transferred by three types of conduction, 

convection, and radiation. In case of heat loss from coolant hoses we only consider the 

two types of conduction and convection and in the following sections, each of them is 

explained in more detail. 

 

2.1.1 Conduction 

The transfer of energy to the less energetic molecules or particles from more energetic 

molecules or particles in a substance due to the interactions between them is called 

conduction. Higher temperature results in higher energetic particles and the interactions 

like collisions between particles results in transfer of energy between them. With a 

temperature gradient in the substance, the direction of energy transfer in always to the 

decreasing temperature side. Heat transfer rate in conduction can be calculated by 

Fourierôs law. Equation (2.1) shows the one dimensional conduction heat transfer.  

 

ή Ὧ
ὨὝ

Ὠὼ
 

(2. 1) 

ή  ὡȾά  is the heat transfer rate in the x direction divided by the cross-sectional area 

of the heat transfer.  is the temperature gradient in x-direction and it is related to the 

heat transfer rate by k (W/m.K) as conductivity of each material. The minus sign is to 

show that the direction of heat transfer is the opposite of temperature gradient (in the 

direction of decreasing temperature). 

Considering heat flux as a vector with components in all directions, we can write 

Fourierôs law in in a general statement. 

Ἱ Ὧ​Ὕ Ὧἱ
ὨὝ

Ὠὼ
ἲ
ὨὝ

Ὠώ
ἳ
ὨὝ

Ὠᾀ
 

(2. 2) 

 ,  and  are temperature gradients in direction of x, y and z respectively. Heat flux 

in each direction is perpendicular to the isothermal plane. 

 

2.1.2 Convection 

Based on the nature of the flow, convection heat transfer can be classified into two 

groups. If the flow is caused by external means like fan or pump, the heat transfer is 

referred as forced convection. On another way, natural convection is cause by buoyancy 
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forces which are the result of the density gradient induced by temperature difference. 

But for both of the convectional heat transfer types, the equation (2.3) is used to 

calculate the hat transfer flux. 

 

ή ὬὝ Ὕ  

(2. 3) 

This equation is known as Newtonôs law of cooling. ή ὡȾά  is heat flux 

perpendicular to the surface of heat transfer and according to the equation it is 

proportional to the temperature difference between Ὕὑ  as surface temperature and 

Ὕ ὑ  as the fluid temperature, and ὬὡȾά Ȣὑ  as convective heat transfer coefficient. 

This coefficient is dependent to the nature of the fluid, fluid motion and surface 

properties.  

 

2.1.3 Heat transfer relations 

Based on the first law to thermodynamics for steady state in a controlled volume, the 

amount of thermal and mechanical energy generated within the control volume is equal 

to the amount of thermal and mechanical energy leaving the control volume minus the 

amount of thermal and mechanical energy entering the control volume. This law can be 

shown in equation (2.4). 

 

ά ό װὴὺװ
ρ

ς
ὠ Ὣᾀװ װ άװ ό װὴὺװ

ρ

ς
ὠ Ὣᾀװ ήװ װὡװ  πװ

(2. 4) 

Each term within the parentheses represents the forms of energy (thermal, fluid work, 

kinetic and potential) per unit mass flow rate of inlet and outlet. Enthalpy per unite mass 

(ὬὐȾὯὫ)can be used instead of sum of thermal energy and fluid work per unite mass.  

 

Ὤװװό  ὴὺװ
(2. 5) 

Neglecting changes in latent energy between inlet and outlet mass flow as well as 

considering the fluid as ideal gas, enthalpy difference can be replaced with 

Ὤ Ὤ װ ὧװ Ὕװ Ὕװ  in which 4  and 4  are temperatures in inlet and 

outlet and cp is the specific heat capacity at constant pressure. In the case where fluid 

is an incompressible fluid, the specific heat capacity at constant pressure and constant 

volume can be considered equal. Flow work can also be neglected by not having large 

pressure differences in the flow. By neglecting changes in kinetic and potential energy 

in inlet and outlet flow, the simplified steady state thermal equation can be achieved. 

 

ή άὧ Ὕ Ὕװ 

(2. 6) 

Where ήὡ  is the thermal power given to the control volume which is proportional to 

the temperature difference between inlet and outlet, άὯὫȾί as mass flow rate of inlet 

and outlet flow and ὧ ὐȾὯὫȢЈὑ  as specific heat capacity for the fluid. This equation is 

only valid for ideal gases and incompressible fluids. 

 

2.1.4 Thermal resistance 

The heat transfer from each heat transfer types can be also expresses in equation (2.7). 
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ή ήὃ
ЎὝ

Ὑ
 

(2. 7) 

ὃά  is the area perpendicular to the heat transfer direction and ЎὝ is the temperature 

difference between the two media in contact. Ὑ is defined as thermal resistance which 

has different forms in each heat transfer type. Based on equation (2.1), thermal 

resistance for conduction in a plane wall is shown in equation (2.8). 

 

Ὑȟ
Ὕȟ Ὕȟ
ή

ὒ

Ὧὃ
 

(2. 8) 

In equation (2.8), Ὕȟ and Ὕȟ are surface temperatures in each side of the wall and 

ὒά  is the length of the wall. This thermal resistance is defined the same as Ohmôs law 

for electrical conduction. Using this method will simplify complicated heat transfer 

problems. This thermal resistance can also be defined for other types of heat transfer. 

Based on equation (2.3), thermal resistance for convection is defined as following: 

 

Ὑȟ
Ὕ Ὕ

ή

ρ

Ὤὃ
 

(2. 9) 

In case of this study, a brass pipe is exposed to coolant flow from inner side of the pipe 

and cross air flow from outer side of the pipe. The conduction heat transfer is in radial 

direction and the thermal resistance will be in the form of: 

 

Ὑȟ
ὰὲװὶȾὶ

ς“ὒὯ
 

(2. 10) 

Where ὒ is the length and ὶ and ὶ are the outer and inner diameter of the pipe 

respectively.  
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Figure 2.1 Series of thermal resistances between cross air flow and fluid in the pipe 

[13]  

 

Considering each mediumôs thermal resistance in equivalent thermal circuit, all the 

resistances will be in series which can be seen in Figure 2.1. Total equivalent can be 

calculated by summing all the thermal resistances. 

 

Ὑ
ρ

Ὤὃ

ὰὲװὶȾὶ

ς“ὒὯ

ρ

Ὤὃ
 

(2. 11) 

We can replace Ὑ  with the overall heat transfer coefficient: 

 

Ὗὃ
ρ

Ὑ
 

(2. 12) 

By this overall heat transfer can be calculated by equation (2.13): 

 

ή ὟὃЎὝ 

(2. 13) 

Where ЎὝ is the temperature difference between air flow and coolant flow in our case. 

Equation (2.13) can be used locally but not for the whole pipe. 

 
 

 

2.1.5 Convective heat transfer coefficient 

In order to calculate the overall heat transfer coefficient (ὟὡȾά Ȣὑ ), first convective 

heat transfer coefficient (h) must be calculated for air and coolant flow. In this case 

Nusselt number which is defined as the ration between convective and conductive heat 

transfer is used. 
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ὔό
ή

ή

Ὤὒ

Ὧ
 

(2. 14) 

This equation is also used with surface averaged heat transfer coefficient to calculate 

average Nusselt number. This dimensionless number is used for measuring convective 

heat transfer rate at the surface and is usually correlated by fluid flowôs Reynolds 

number (ὙὩ) and Prandtl number (ὖὶ). Many empirical correlations have been 

suggested to calculate Nusselt number according to the fluidôs Prandtl and Reynolds 

number. These correlations differ according to the shape of the surface or range for 

Reynolds number of fluid flow. One of the suggested correlations by is as follows [13].  

 

Nu
ὪȾψ ὙὩ ρπππὖὶ

ρ ρςȢχὪȾψ ȾװὖὶȾ ρ
 

 װ(15 .2)

Equation (2.15) can be used for internal flows in circular tubes. For the flows in the 

range of πȢυ 0Òςπππ and σπππὙὩ υ ρπ, this correlation is valid. This 

correlation can be used for coolant flow in the pipe. Æ is the friction factor and is 

calculated by equation (2.16): 

 

Ὢ πȢχωπװὰὲװὙὩ ρȢφτ σπππὙὩװװװװװװװװװװװװװ υ ρπ 
(2. 16) 

In equation (2.17), a correlation is suggested for Nusselt number in cross sectional 

external flows over circular cylinder. 

Nu ὅ ὙὩ  ὖὶ
ὖὶ

ὖὶ

Ⱦ

 

(2. 17) 

Coefficients of C and m are listed in table 1.1 for different Reynolds numbers. External 

flow temperature is used for evaluation all the properties except for ὖὶ which is 

evaluated at cylinder surface temperature. If ὖὶṂρπȟװὲ πȢσχ; if ὖὶṃρπȟὲ
πȢσφ. 
 

Table 2.1 Coefficients for equation (2.17) [13]  

ὙὩ ὅ ά 

ρ τπ πȢχυ πȢτ 
τπρπππ πȢυρ πȢυ 

ρπ ς ρπ πȢςφ πȢφ 

ς ρπ ρπ πȢπχφ πȢχ 
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2.1.6 Energy balance 

 

Figure 2.2 Energy balance of in a pipe cross sectional control volume [13] 

 

For simplifying the energy balance in the circular pipe cross sectional element 

according to Figure 2.2, some energy transfers can be neglected. For example, heat 

transfer in axials direction can be neglected and the fluid can be modelled as a 

incompressible or ideal gas and pressure variations can be neglected. With all the 

simplifications, the energy balance will be as equation (2.1). This equation for the 

control volume shown in the picture can be rewrite as: 

 
ὨὝm
dx
=
ήP 

mὧP
=
ὖ

mὧP
 h(Ὕs-Ὕm) 

(2. 18) 

Where ὖ in the perimeter of the cylinder and ή  is the heat flux to the internal flow in 

the control volume.  Based on the location of surface temperature (Ὕs), heat transfer 

coefficient can be either for only for the internal flow or for series of internal flow and 

the pipe wall. By considering the external flow heat transfer coefficient in series, Ὕs can 

be replaced with air temperature (ὝÐ). In the condition of constant ὝÐ , by defining ЎὝ

ὝÐ Ὕm  the equation can be rewritten as 
Ў

dx
=
mP
 hЎὝ . By solving this equation 

from inlet to outlet of the pipe, equation (2.19) is achieved.  

 

ὰὲ
ЎὝ

ЎὝ
ὰὲ
Ὕ Ὕ

Ὕ Ὕ

ὖὒ

άὧ
Ὤ 

(2. 19) 

Based on the definition of average heat transfer coefficient Ὤ ᷿ÈÄØ, local heat 

transfer coefficient (Ὤ) in equation (2.19) is replace with average heat transfer 

coefficient (Ὤ). Ὕ  and Ὕ  are internal flowôs outlet and inlet temperature respectively. 

By this definition, total heat transfer between external flow and internal flow which is 

the same as heat transfer gained by internal flow will be: 

 

ή άὧὴὝ Ὕ װ άὧὴὝ Ὕ Ὕ Ὕ άὧὴЎὝ ЎὝװ 

(2. 20) 

By replacing equation (2.19) in equation (2.20), we can reach equation (2.21): 
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ή ὬὃЎὝ  

(2. 21) 

Pipe surface is calculated by ὃ ὖȢὒ . log mean temperature difference (ЎὝ ) is 

calculated based on: 

ЎὝ
ЎὝ ЎὝװ

ὰὲ
ЎὝ
ЎὝ

 

(2. 22) 

2.2 Fluid dynamics 

In order to simulate heat transfer phenomena, fluid dynamic phenomena should also be 

considered. These to phenomena are coupled and solved together. Governing equations 

[11] in fluid dynamics are explained here. 

 
‬ό

‬ὼ
π 

(2. 23) 

Equation (2.23) is the equation for conservation of mass for incompressible fluid. ό is 

the velocity and ὼ is the spatial coordinate.  

 

όװ‬

ὸװ‬
װ װόװ

όװ‬

ὼװ‬
װ װ

ρ

”
װ
ὖװ‬

ὼװ‬
װ װ’װ

όװ‬

ὼװ‬װὼװ‬
 

(2. 24) 

Equation (2.24) is the conservation of momentum equation for incompressible fluids. 

This form of the equation is known as Navier Stokes equation and ’ is the kinetic 

viscosity. 

 

װὅװ”
ὈὝ

Ὀὸ
װ װ ᶯ ὯɳװὝװ װἽװẗװὴɳװ  ɮװ

(2. 25) 

Equation (2.25) is the conservation of energy equation where ɮ is the heat dissipation 

and Ὧ is the conductivity of the fluid. ”, ὅ and ὴ are fluidôs density, specific heat 

capacity and pressure respectively. ɮ is defined as: 

 

ɮװ װ
ρ

ς
װװ
όװ‬

όװ‬
װ װ
όװ‬

όװ‬
װ  

(2. 26) 

Equation (2. 25) is showing heat loss from dissipation and conduction from the fluid 

must equal the net energy convection into the fluid. 

 

In order to be able to solve these equations for turbulent flow, first we should have a 

good understanding of the turbulent flow itself. The chaotic behavior and variations in 

pressure and velocity are typical characteristics of turbulent flows. By utilizing Reynold 

decomposition to the pressure and velocity of the fluid in the Navier Stokes equations, 

the governing equations can be adjusted to turbulent flow characteristics. In Reynolds 

decomposition velocity and pressure are decomposed to mean and fluctuation values.  
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όװ װὟװ  όװ

(2. 27) 

ὴ ὖ ὴ 

(2. 28) 

By applying these decompositions and time averaging on Navier Stokes equations, 

Reynolds Averaged Navier-Stokes (RANS) equation will be obtained: 

 

ό
Ћό

Ћὼ

ρ

ʍ

Ћ

Ћὼ
ὖɿ ςʈὛ  †ǰ  

(2. 29) 

¶ ɿ  is the Kronecker delta. 

¶ Ὓ  represents the mean strain-rate tensor. 

¶ †ǰ  represents the Reynolds stress tensor. 

 

2.2.1 Computational fluid dynamics 

Nowadays in both industry and academia, computational fluid dynamics (CFD) which 

relies on numerical techniques is frequently used to study complex flow phenomena. 

CFD simulations can help us in predicting the behavior of the flow in different 

condition which can be hard and expensive to experiment them [14]. In order to solve 

the fluids behavior especially turbulent behavior, CFD modeling have been used to 

simplify the equations. 

 

2.2.1.1 Reynolds Averaged Navier Stokes (RANS) 

Based on the shown Reynolds Averaged Navier-Stokes (RANS) equations (equation 

(2. 29)), there are many closure models for the RANS equations that can be used to 

model the turbulent parts, which govern the transport equations of the mean flow 

quantities. For steady-state scenarios, the averaging procedure can be regarded as time-

averaging, and for periodic transient scenarios, as ensemble averaging. Equations for 

the mean quantities are obtained by replacing the decomposed solution variables into 

the Navier-Stokes equations. By replacing the variables, †  will be added to the 

parameters as Reynolds stress tensor which defined as: 

 

װ† װ װ”
όᴂ όᴂὺᴂ όᴂύᴂ
όᴂὺᴂ ὺᴂ ὺᴂύᴂ

όᴂύᴂὺᴂύᴂ ύᴂ

 

(2. 30) 

Stresses generated by turbulent fluctuations' interactions are indicated by the Reynolds 

Stress Tensor. This parameter adds a new variable, but the number of equations is still 

the same which leads to a closure problem. The Boussinesq approximation is used to 

solve this.  
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όό ςʉὛ
ς

σ
Ëɿ  

(2. 31) 

Ὧ 
ρ

ς
όό  

(2. 32) 

¶ ’ is the kinetic eddy viscosity. 

¶ Ὓ  is the mean strain rate tensor. 

¶ Ὧ is the turbulence kinetic energy. 

 

In order to model the turbulence kinetic energy, different methods have been 

introduced. Based on the models used in this thesis only two models of Realizable k-

epsilon and k-Omega SST are explained. These models differ in modeling of kinetic 

energy and specific dissipation rate. The specific dissipation rate for each of the models 

is described as follows: 

 

װ’ ὅАװ
Ὧ

‐
 

(2. 33) 

װ’  
Ë

‫
 

(2. 34) 

Equation (2. 33) is for k-epsilon model and equation (2. 34)  is for k-Omega model. 

The turbulence and specific dissipation rates are defined by ‐ and -respectively. In k ‫

epsilon model, turbulent kinetic energy and dissipation rate are achieved by these 

equations: 

 

Ὧװ‬

ὸװ‬
װ װὟװ

Ὧװ‬

ὼװ‬
װ װ†װ

Ὗװ‬

ὼװ‬
װ װ‐װ װ

‬

ὼװ‬
װ’װװװ װ

’

„
װװ
Ὧװ‬

ὼװ‬
 װ

(2. 35) 

Ћʀ

Ћὸ
Ὗ
Ћʀ

Ћὼ
ὅ
ʀ

Ὧ
†
ЋὟ

Ћὼ
ὅ
ʀ

Ὧ

Ћ

Ћὼ
ʉ
ʉ

ʎ

Ћʀ

Ћὼ
 

(2. 36) 

Where ὅ , ὅ , ὅА, „ and „ are closure coefficients for the modeling. The equations 

for turbulent kinetic energy and specific dissipation rate are as follows: 

 

ЋὯ

Ћὸ
Ὗ
ЋὯ

Ћὼ
†
ЋὟ

Ћὼ
ɼᶻὯʖ

Ћ

Ћὼ
ʉ ʎᶻ

Ὧ

‫

ЋὯ

Ћὼ
 

(2. 37) 

Ћʖ

Ћὸ
Ὗ
Ћʖ

Ћὼ
ɻ
ʖ

Ὧ
ʐ
ЋὟ

Ћὼ
ɼʖ

ʎ

‫

ЋὯ

Ћὼ

Ћʖ

Ћὼ

Ћ

Ћὼ
ʉ
ʎ

‫

Ћʖ

Ћὼ
 

(2. 38) 
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‌ȟ‍ȟ‍ᶻȟ„ȟ„ᶻ are closure coefficients for this modeling. But other improvements have 

also been made to these two models to make the models more real. k-epsilon realizable 

and k-Omega SST are the most widely models in each model respectively.  

 

2.2.1.2 Scale resolving CFD methods 

In the Large Eddy Simulation (LES) model [14], the governing equations of fluid 

motion are solved numerically on a grid, and the large-scale turbulent eddies are 

directly resolved instead of using the RANS models, while the smaller scales are 

modeled using sub grid-scale models. By resolving the large-scale motions, LES 

provides accurate predictions of turbulent flow phenomena, including flow separation, 

vortex shedding, and turbulent mixing, without the need for excessive grid refinement.  

 

In Detached Eddy Simulation (DES) model, the aspects of Large Eddy Simulation 

(LES) and Reynolds Averaged Navier-Stokes (RANS) are combined to efficiently 

simulate turbulent flows. When modeling close to solid boundaries, when fine 

boundary layer resolution is crucial, DES employs RANS modeling. However, when 

the flow is detached and large-scale eddies are dominant, LES modeling is used. This 

makes it especially appropriate for complex flow issues that involve large-scale 

turbulence and boundary layer phenomena. 
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3 Methodology 

This study is aiming to investigate the accuracy of the computational fluid dynamics 

(CFD) simulations in prediction of heat loss in pipes with high temperature fluid flow 

affected by external flow air especially in coolant hoses exposed to fan air flow. For 

this aim a simplified rig is designed to mimic this phenomenon in a larger scale in both 

experiment and CFD simulation. In this section features of experiment in the rig and 

the simulation will be explained in detail. 

 

3.1 Experiment  

In this part, Geometry of the rig in addition to the measurement system is described and 

different components are explained. 

 

3.1.1 Geometry 

The rig consists of a 1.5 m × 1 m × 0.5 m wooden box which a suction fan is installed 

in one side and the opposite side is open. A 1 m long brass pipe with outer diameter of 

20 mm and 2 mm thickness is installed in the box perpendicular to the flow caused by 

the fan. A nozzle is installed in the open side of the box to reduce the effect of box 

edges on the fan flow in the box. Details of the rig can be seen in Figure 3.1. 

 

Figure 3.1 Geometry specifications of the rig 

 

Coolant flows in the brass pipe by an external flow circuit controlled by a pump and 

valves. Coolant used in this experiment is 50 % (v/v) ethylene glycol/water mixture. 

The coolant pump utilized in the rig is not designed to produce the low flow rate range 

required in the test, hence a bypass circuit is added to the coolant flow circuit and by 

adjusting both box valve and bypass valve from Figure 3. 2, pump runs at a stable flow 

and a small portion is led to the box pipe. Air flow is also controlled by the fan rotation 

rate. 
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Figure 3.2 Coolant circuit 

 

3.1.2 Measurement 

In order to capture the heat loss properly, measurement devices must be chosen 

according to the required accuracy and measurement range of the experiment. For this 

reason, based on the experiment, measurement devices for measurement of 

temperature, flow speed and flow rate are used. Each of the chosen devices will be 

explained in the following parts.  

 

3.1.2.1 Temperature measurement 

In order to determine the heat transfer between air and coolant flow, temperature 

measuring sensors are needed both for air and coolant side. Thermocouple temperature 

sensors are used for measuring air temperature entering the box. Since heat loss is 

obtained from the temperature difference between coolant flowôs inlet and outlet, 
PT100 temperature sensors with a higher accuracy than thermocouples are used.  

 

3.1.2.1.1 Thermocouple temperature sensors 

Thermocouples are one of the most popular temperature sensors. In addition to their 

low cost, they are also reliable and have a wide measuring range which can be used in 

many different experiments. While thermocouples are widely used, it is difficult to 

obtain accuracy much better than 1°C with them [15]. However, because of their many 

benefits, they continue to be the widely used type of sensor for industrial measurements 

today. Thermocouples operate on the principle of the Seebeck effect, which states that 

a pair of different metals in contact with one another at each end would produce a very 

small electrical potential when exposed to changes in temperature. Therefore, in a 

thermocouple temperature change can be detected when two dissimilar metals in 

contact produce electrical voltage. Based on the low cost and their availability, 6 

thermocouples are used to measure air temperature at the inlet of the box. These 6 

thermocouples can be used to compare temperature pattern of air with simulations. 

 

3.1.2.1.2 PT100 temperature sensors 

PT100 temperature sensor is an RTD (Resistance Temperature Detector) which within 

its range is typically more linear, drift-free and more accurate than a thermocouple [16]. 

Nevertheless, they cost more than thermocouples because of their platinum content and 

more complicated production process. RTDs operate by using the electrical resistance 
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principle, as in contrast to thermocouples, which are passive sensors. To quantify a 

change in resistance, a small current must be passed through them. The basis for RTDs' 

operation is the concept that some metals have a highly precise and stable relationship 

between resistance and temperature. We can determine the temperature change by 

measuring this resistance change. Temperature ranges and accuracy level are different 

between metals. Platinum is most popularly used metal in RTDs and in PT100, ñPTò 

stands for platinum and ñ100ò stands for 100Ý as the resistance at 0 C. Based on the 

required high accuracy in coolant flow, 3 PT100s in the inlet and 3 PT100s in the outlet 

are used. 

 

 

3.1.2.2 Magnet flowmeter 

In a magnetic or an electromagnetic flowmeter, the flow is measured by the 

combination of a sensor and transmitter [17,18]. For the purpose of measuring flow, a 

magnetic flowmeter uses two electrodes and a set of coils. An applied current from the 

transmitter powers the meter's coils. Both coils create a magnetic field when powered. 

Once the pipe is filled and the fluid starts to flow, the fluid's negatively and positively 

charged particles separate as they move through the magnetic field due to the force of 

the magnetic field. A voltage is generated between the electrodes and the sensor based 

on separation. Transmitters receive voltage from sensors, translate it into a flow 

measurement, and then send the flow measurement to a control system. This flowmeter 

is used to measure the coolant flow rate before the brass pipe in the box. This flowmeter 

device is of a high importance since it has a direct effect on the heat loss. SIEMENS 

SITRANS F M MAG 1100 F magnetic flowmeter is chosen based on its high accuracy 

in the required range of the coolant flow. 

 

3.1.2.3 Hot wire probe 

Hot wire probe or hot wire anemometer is used to measure the air velocity in this 

experiment. In this probe, a very thin wire that is electrically heated to a temperature 

higher than the surrounding air [19]. The wire cools when air passes through it. There 

is a relationship between the resistance of the wire and the flow speed since the 

electrical resistance of most metals is temperature dependent. By this relation velocity 

of the air can be measured. Two hot wire probes are used in this experiment to measure 

the air speed downstream of the pipe. Using of two hot wire probes can be helpful in 

understanding the air flow distribution better.  

 

3.1.3 Measurement system setup 

The location of each measuring device in the rig can be seen from Figure 3. 3 to Figure 

3.7. To minimize the heat loss between the temperature measurement point and the test 

section, hoses in the distance between PT100s and the box are fully insulated and upper 

part of the PT100s are also insulated in order to minimize the effect of external air flow 

on their measurement. After installation of all the measurement devices based on the 

complexity of the room where the rig is located, a study is done on room conditions to 

achieve a stable air flow in the test section. 
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Figure 3.3 Rig setup: Fan and box 

 

Figure 3.4 Rig setup: Inlet 
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Figure 3.5 Rig setup: Outlet 

 

Figure 3.6 Rig setup: Inside the box 

 

Figure 3.7 Configuration of measurement devices 

 

3.1.4 Study of experiment environment 

In order to have a uniform heat transfer over the pipe inside the box, a uniform and 

steady air flow with low fluctuations is needed over the pipe. For this reason, a suction 

fan was installed at the end of the box to suck the air over the pipe and provide more 

uniform flow than a blowing fan. six thermocouples in a plane 12.5 cm from the inlet 

of the box and a hot wire probe were installed according to the geometry to measure 
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the air flow temperature and velocity respectively. These measurements also provide 

us with the stability of data over time and from data fluctuations of each we find out 

the stability of air flow.  

Figure 3.8 Schemeatic picture of the room where rig is located 

 

The box according to Figure 3.8 is located in the experiment room which has two doors 

(a door to outside and a door between experiment room and room 2). The first test was 

conducted when the door between two rooms was closed, no additional fan was used, 

and the outside door was open to have the outside air temperature on the pipe. The 

results of thermocouple sensors and only one hot wire sensor in the top can be seen in 

Figure 3.9. 

  

Figure 3.9 (a) Air velocity in the upper hot wire probe and  (b) thermocouples average 

temperature during test before environment study 

 

  

Based on the data extracted from the first test, the standard deviation of average 

thermocouple sensors and air flow sensor are 0.83 C and 0.60 m/s respectively which 

are relatively high and need to be reduced.  

  

Four other cases in addition to main case with different room conditions were 

introduced to see their effect on the air temperature and velocity fluctuations. The five 

cases are described below: 

  

A. The outside door is open, and the rig is located 50 cm outside the outside door. No 

additional fan is used, and the door between experiment room and room 2 is closed. 

B. The outside door is open, and the rig is located 20 cm inside the outside door. A 

large suction fan is located between experiment room and room 2, but the next door 

to the workshop is closed. 
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C. The outside door is closed, and the rig is located 20 cm inside the outside door. A 

large suction fan is located between experiment room and room 2, and the next 

door to the workshop is open. 

D. The outside door is open, and the rig is located 20 cm inside the outside door. A 

large suction fan is located between experiment room and room 2, and the next 

door to the workshop is open. 

E. All doors are closed, and the large fan is not working. 

 

For the mentioned cases, standard deviation of average air temperature from 

thermocouples and air velocity from hot wire probe in the top is used as a comparison 

index. The results can be seen in Figure 3. 10. 

 

Figure 3.10 comparison of standard deviation of air velocity and theromouples average 

during test between room conditions cases 

 

Based on the results we can see that the Case C has the lowest standard deviation both 

for average temperature and velocity. Therefore, Case C is chosen to be the room 

condition for all the cases. 

 

3.1.5 Test cases 

After setting up the rig and installation of all the measurement system, the properties 

and conditions of test cases must be decided. According to the main target of this study, 

the test conditions must be chosen to mimic realistic coolant flow conditions in the 

coolant hoses in car under-hood. On the other way, the setting should be adjusted in a 

way to increase the heat loss from the coolant pipe to become larger than the uncertainty 

range of the measurement devices. By this, the comparison between experiment and 

simulation results will be more reliable and more helpful to understand the level of 

accuracy of the simulation results. The test cases shown in Table 3.1 are chosen in the 

lower end of coolant flow range in EVs (0.03-0.4 l/s) to achieve higher temperature 

drop in the coolant.  
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Table 3.1 Test cases' setting properties 

Case 

Number 

Coolant 

Volumetric flow 

(l/s) 

Temperature Difference between 

Coolant inlet and Room (C) 

Fan Rotational 

Speed (rpm) 

Case 1 0.050 55 1000 

Case 2 1500 

Case 3 60 1500 

Case 4 65 1000 

Case 5 1500 

Case 6 0.010 55 1000 

Case 7 1500 

Case 8 60 1500 

Case 9 65 1500 

  

 

The temperature difference between room and the coolant inlet is chosen based on the 

fact that during the different dates of the years according to the weather condition, room 

can have different temperatures. But by using the same temperature difference between 

room and coolant inlet, we can ensure that the heat transfer rate between air and coolant 

stays the same neglecting the effect of temperature of the air and coolant properties. 

 

The approximate time to reach each test casesô settings before recording the data is 30 

minutes. Data from each test case is recorded for 10 minutes and time averaged results 

from total 10 minutes of the tast is used for camparison and validation with simulation 

results. 

 

3.1.6 Additional improvements to the experiment 

To make sure about the reliability of the experimental results and performance of 

measurement devices, some preliminary tests are conducted with two cases (Case 1and 

2) that were repeated several times. In Case 1 and 2, coolant volumetric flow and 

temperature difference between coolant inlet and room are the same (0.05 l/s and 55 C) 

but with different fan rotations (1000 rpm for Case 1 and 1500 rpm for Case 2). These 

rotational rates result in 1.59 m/s and 2.45 m/s average air velocity from hot wire probes 

which are comparable to air velocity that hoses in the under-hood are subjected to. 

During the first experiment, a turbine flowmeter was used due to availability issues 

instead of the magnet flowmeter which has lower accuracy than magnet flowmeter 

(uncertainty of 0.2% and 0.03% respectively). The comparing factor for this experiment 

is the difference of coolantôs inlet and outlet temperature. The results according to 

Figure 3.11 are relatively close in two runs of the test for Case 1 and 2 but still too 

unstable. 
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Figure 3.11 Coolant temperature difference comparison between experiment 1 and 2 

 

These results shows that some modifications need to be done in the experiment 

measuring system to improve the measurement accuracy.  Main factors which affect 

coolant temperature difference directly and are adjusted in each case are coolant inlet 

temperature, air fan rotation rate and coolant volumetric flow. The Coolant inlet 

temperature is adjusted by coolant heater controller and is measured by PT100s at 

coolant inlet. The fan rotation rate is controlled by a PWM controller and coolant 

volumetric flow is controlled by pipe and bypass valves and is measured by turbine 

flowmeter. Since the magnet flowmeter has higher accuracy in measuring flow rate, a 

new magnet flow meter was also installed in the circuit just before the coolant pipe.  

 

Figure 3.12 Comparion between turbine and magnetic flow meter measurement 

results in case 1 

 

Figure 3.12 shows the comparison of turbine flowmeter and magnetic flowmeter in the 

same experiment for case 2 where the coolant flowmeter is set based on the magnetic 

flowmeter. It can be seen that the turbine flowmeter shows around 0.002 l/s higher 

volume flow than magnet flowmeter. Since the flow rate is one of the main factors in 

equation (6.2), small changes in this value can affect the temperature difference 

significantly. It can also be seen that the fluctuations in magnet flowmeter is lower than 

turbine flowmeter which can be helpful in reducing the uncertainty of the results. In  
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Figure 3.13 the results of the third experiment after installation of magnet flow meter 

can be seen. 

 

Figure 3.13 Coolant temperature difference comparison between experiment 1 to 3 

 

Figure 3.13 shows a sharp reduction in coolant temperature difference. This change can 

be due to the change of flowmeter to magnet flowmeter. Another reason can be the 

reduction of air in the coolant circuit according to the large number of conducting tests, 

since air in the circuit can make it harder to capture the real temperature difference 

based on different flow properties. 

 

Considering the fan rotation rate according to the results we can see that the difference 

between case 1 and 2 is quite low when the rotation rate is changed from 1000 rpm to 

1500 rpm. This can show that coolant temperature difference dependability on ambient 

flow velocity resulting from fan rotation is much less than on coolant flow rate. Hence 

no modification is done on the fan rotation rate measurement.  

 

PT100s in coolantôs inlet and outlet are the next main factor. These sensors were 

checked for calibration again and the results were within the acceptable range. 

Afterwards some correction coefficients are also mentioned in the calibration report of 

each PT100 which should be added to the measurement system. By adding these 

factors, the shown temperature is corrected by the deviation of the sensor. After adding 

these factors, the PT100s became more aligned in each side as can be seen in Figure 

3.14. 
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Figure 3.14 Temperature results of case 1 from thermocouples in coolnt pipe's inlet 

and outlet (a) before and (b) after correction 

 

The data in Figure 3.14 are from the same test of Case 1. As can be seen in Figure 

3.13(a), before adding correction factors the signals were not aligned and some sensorsô 

results were neglected if they were showing very off temperatures. By doing this, in 

fact some parts of data would be lost. After adding the correction factors, temperature 

results are quite aligned and reliable. By averaging over the corrected values, we 

improve the quality of the results.  

 

 

Figure 3.15 Coolant temperature difference comparison between experiment 1 to 4 

 

The results in Figure 3.15 show small reduction of coolant temperature difference from 

experiment 3 to experiment 4. This reduction was expected duo to Figure 3.14. From 

the results we can see that effect of flowmeter is more significant than the effect of 

PT100sô correction factors. From these results it can be claimed that experiment 4 has 

the most accurate results and this experimentôs measurement system will be used for 

other cases as well. But we should also make sure that this experiment is repeatable. In 

the next section, the repeatability tests are explained.  
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3.1.7 Repeatability 

Four cases were chosen for the repeatability test: Case 1, 2, 7 and 8. Case 1 and 2 are 

in the same coolant volumetric flow and temperature difference between coolant inlet 

and room (0.05 l/s and 55 C) but in different fan rotations (1000 rpm for case 1 and 

1500 rpm for case 2). In case 7 and 8 have also 55 C temperature difference between 

coolant inlet and room in both and 1000 rpm for and 1500 rpm fan rotation rate for case 

7 and 8, respectively. But they have lower volumetric flow rate (0.01 l/s) than case 1 

and 2. The test was repeated for each of the cases five times in different days. Coolant 

temperature difference between inlet and outlet is used for comparison of the tests. 

 

 

Figure 3.16 Repeatability test results in (a) coolant temperature difference comparison 

and (b) coolant temperature difference standard deviation between tests 

for each case 

 

According to Figure 3.16, the temperature difference has remained the same in each 

case. The standard deviations are all below 0.1 C which can be used in the uncertainty 

analysis of final tests. It can be seen that standard deviations of Case 7 and 8 are 

relatively higher than Case 1 and 2. The only difference between Case 1 and 2, and 

Case 7 and 8 is the coolant flow rate. Setting the coolant flow rate to 0.01 l/s (Case 7 

and 8) compared to 0.05 l/s (Case 1 and 2) has the same human error but the difference 

in standard deviation shows coolant temperature drop is more sensitive to coolant flow 

rate in lower flow rates. 

 

3.2 Computational fluid dynamics simulation  

The second part of this study is trying to simulate the rig as close as possible to the 

experiment conditions. The rig is simulated in STARCCM+ CFD simulation software. 

The different modeling approaches and setting used for the simulation are explained in 

this part. It is also of interest how to simplify the simulation to get the same result or 

investigating the key factors which should be considered important in setting up the 

simulation or the factors which can be neglected. In the next section, two different 

models with different geometry considerations are proposed to show how important 

this factor is in the simulation.  

 

3.2.1 Study of geometry scale 

In CFD modeling studies, all the efforts are in the direction of simplifying the models 

to reduce the computational cost and time. Therefore, one of the focuses of this study 

is to investigate if a simplified geometry can be used for modeling instead to reduce the 

0.00

0.50

1.00

1.50

2.00

2.50

3.00

3.50

4.00

4.50

Case 1 Case 2 Case 7 Case 8

C
o
o
la

n
t 

T
e

m
p
e

ra
tu

re
 

D
if
fe

re
n
c
e

 (
C

) 

(a)

Repeat 1

Repeat 2

Repeat 3

Repeat 4

Repeat 5

0

0.01

0.02

0.03

0.04

0.05

0.06

0.07

0.08

Case 1 Case 2 Case 7 Case 8

C
o
o
la

n
t 

T
e

m
p
e

ra
tu

re
 

D
if
fe

re
n
c
e

 S
ta

n
d
a

rd
 D

e
v
ia

ti
o
n
 

(C
)

(b)



 

CHALMERS, Mechanics and Maritime Sciences, Masterôs Thesis 2024  27 

 

computational effort/time needed to get the results. For this reason, two geometries are 

introduced to model the coolantôs heat loss. 
1. Simulating only the test section box without considering the fan. In this model box 

boundary conditions are set to velocity inlet and pressure outlet and average air velocity 

of two hot wire probes is considered for air velocity in the inlet. The geometry can be 

seen in Figure 3.17. 

 

Figure 3.17 Geometry modelled in box model 

 

2. Simulating the box considering fan and all the room where box is located. The room is 

not simulated based on the actual geometry of the test room but more to get the same 

air flow inside the box. In this model There is not any inlet and outlet flow into the 

room. The fan rotation is the only drive force for air flow. In Figure 3.18, the geometry 

can be seen. 

 

Figure 3.18 Goemetry modelled in room model 

 

Comparison of the results from these two models help us in understanding of the effect 

of flow field on the heat loss of the hose. In case where the results are quite similar, the 

simple model can be used instead of the room model. 
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3.2.2 Mesh for box model 

In the box model, only box, pipe and coolant domains are meshed, with a Polyhedral 

mesher. The thin mesher is used to mesh the pipe and prism layers are used on the 

surfaces towards the air and the coolant side. Since the heat transfer phenomenon is 

simulated in this study, conformal mesh between domains of air, pipe and coolant is 

essential. These mesh features are precisely explained in the following sections. 

 

3.2.2.1 Thin mesher 

A prismatic-style volume mesh can be created in thin sections of the geometry using 

the thin meshing approach. When compared to a comparable tetrahedral or polyhedral 

type core mesh, using this mesh decreases the cell count and improves overall cell 

quality. The convergence of simulations involving conjugate heat transfer in thin 

geometries can be improved using this kind of mesh. Regardless of whether the parts 

have a prismatic or polyhedral volume mesh, the thin mesher produces a conformal 

mesh between all concurrent parts that are included in the same Automated mesh 

operation. Thin plate geometries are the typical application for the Thin Mesher. High-

quality cells are necessary in these geometries in order to accurately capture the 

thickness of the solid material. Then, any geometries in touch with one another can 

have heat transfer analysis done between them. Thin Mesher is this case is used in the 

pipe and can be seen in Figure 3.19. 

 

 

Figure 3.19 Contact between coolant, pipe and air regions in mesh for box model 

 

3.2.2.2 Prism layers 

When paired with a core volume mesh, the prism layer mesh model creates orthogonal 

prismatic cells close to boundaries or wall surfaces. For the flow solution to become 

more reliable, this layer of cells is required. Prism layers give the solver the ability to 

precisely resolve near wall flow, which is essential for resolving boundary layer flows 

and identifying flow characteristics like separation in addition to forces and heat 

transfer on walls. Since the integral results like drag and pressure drop are impacted by 

separation, determining the velocity and temperature gradients normal to the wall is 

necessary for accurate prediction of these flow features. In the viscous sublayer of a 

turbulent boundary layer, these gradients are far sharper than what would be indicated 

by using gradients from a coarse mesh. If the turbulence model enables it, you can 

resolve the viscous sublayer directly by using a prism layer mesh. The thickness, 




























































