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Abstract— Advanced thermal management systems for 

combustion engines will improve fluid temperature 

regulation and servo–motor power consumption to positively 

impact the pip age emissions, fuel economy, and parasitic 

losses by better regulating the combustion method with 

multiple computer controlled parts. Advanced automotive 

thermal management systems integrate electro-mechanical 

components for improved fluid flow and thermodynamic 

control action. Progressively, the design of ground vehicle 

heating and cooling management systems require analytical 

and empirical models to establish a basis for real time control 

algorithms. One of the key elements in this computer 

controlled system is the smart thermostat valve which 

replaces the traditional wax-based unit. This dissertation 

gives a cooling system and control model for improved 

engine thermal management and related work. 
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I. INTRODUCTION 

Advanced thermal management systems for internal 

combustion engines can better regulate the combustion 

process by harmoniously controlling the cooling system’s 

actuators to obtain desired thermal conditions in a power-

efficient manner. Advanced automotive thermal management 

systems can effectively maintain the desired temperature in 

internal combustion engines for enhanced performance [1]. 

Internal combustion engine active thermal management 

systems offer enhanced coolant temperature tracking during 

transient and steady–state operation. The main cooling loop 

ensures that the engine block does not overheat, thus leading 

to coolant boiling. Similarly, the transmission oil is cooled by 

pumping the fluid through an auxiliary heat exchanger 

typically located inside the radiator. The charge air cooler 

loop can improve combustion and fuel economy by 

decreasing the compressed inlet air temperature [5]. 

Advanced automotive cooling systems replace the 

conventional wax thermostat valve with a variable position 

smart valve, and replace the mechanical coolant pump and 

radiator fan with electric and/or hydraulic driven actuators. 

The thermostat regulates the coolant flow through the radiator 

and/or engine bypass to control the heat exchange between 

the radiator’s coolant fluid and the ambient air. The electric 

water pump improves upon this concept by prescribing the 

coolant flow rate based on the engine’s overall operation and 

the driver commands rather than solely on the crankshaft 

speed. The traditional radiator fan is belt driven and equipped 

with a clutch to limit parasitic loads during operating 

conditions that provide sufficient radiator heat rejection. It is 

designed to just guarantee a sufficient heat removal at 

maximum engine output conditions at the worst vehicle 

operating conditions (low vehicle speed and high ambient 

temperature) However, these operational conditions only 

represent approximately 5% of the conditions that the vehicle 

will encounter during its life [2]. It also facilitates transitional 

calculations of the mode drive, which are difficult with three-

dimensional analysis [3]. Similarly, a solenoid controlled 

three-way valve offers similar functionality to traditional 

thermostats but could be electrically controlled by the engine 

control module (ECM). The concepts of vehicle thermal 

management (VTM) were firstly applied in the aviation and 

space industries, then in the 1970s researchers advocated 

employing it in the vehicle industry too [7,8]. The modern 

vehicle integrated thermal management (VITM) system can 

realize rational and comprehensive control over 

thermodynamic processes in terms of power system 

integration [9]. The objects of VITM are various, depending 

on the different power systems. Hence, for an internal 

combustion engine vehicle (ICEV), the ITM contains internal 

combustion engine (ICE) cooling, turbocharged cooling, 

exhaust gas recirculation (EGR) cooling, lubrication cooling 

and air conditioning (AC) or heat pump (HP). As for electric 

vehicles (EVs), these can be classified into pure electric 

vehicles (PEVs) and hybrid electric vehicles (HEVs) 

according to the different configuration mechanisms. For 

PEVs, the ITM mainly includes battery cooling/preheating, 

electrical motor, direct current to direct current converters 

(DC–DC) cooling and heat pump or air conditioning. 

Besides, the ITM of HEVs, considering the series, parallel 

and series-parallel mechanisms, combines ICE cooling and 

electric power system (EPS) cooling [11].  

II. CONVENTIONAL COOLING SYSTEM 

The following square measure the two main characteristics 

desired of AN economical cooling system 

It should be capable of removing concerning half-

hour of heat generated within the combustion chamber 

whereas maintaining the optimum temperature of the engine 

beneath all operating conditions of the engines. 

It should take away heat at a quicker rate once 

engine is hot. However, during starting of the engine cooling 

should be minimum, so the operating components of the 

engine reach their operational temperature in a very short 

time. 

Liquid Cooled Systems:-In this system primarily 

water is employed and created to flow into through the jacket 

provided round the cylinder, cylinder-head, valve ports and 

seats wherever it extracts most of the warmth. The 

diagrammatical sketch of water current passage is shown in 

fig. 
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Fig. 1: Cooling Water Passage. 

III. THERMAL MANAGEMENT 

The term “thermal management” describes the efficient 

control of thermal energy flows in the vehicle in accordance 

with the specific requirements and the prevailing operating 

and load conditions. As a result, vehicle emissions can be 

reduced; also the thermal state, friction torque and 

mechanical engine efficiency can be improved. This leads to 

lower fuel consumption, longer engine life and upswing in 

thermal comfort. The key benefits of thermal management 

systems can be 

Summarized as follow: 

 Reduce parasitic power losses. 

 Improve cooling system control. 

 Quicker engine warm-up during cold start. 

 Reduce engine wear and friction. 

 Increase lubricant life. 

 Increase average combustion temperature. 

 Enhance fuel economy. 

 Decrease exhaust emissions. 

 Eliminating hot soak after engine stop. 

IV. PROPOSED METHODOLOGY  

In proposed model shows engine cooling system using 

custom thermal liquid blocks. A fixed-displacement pump 

drives water through the cooling circuit. Heat from the engine 

is absorbed by the water coolant and dissipated through the 

radiator. The system temperature is regulated by the 

thermostat, which diverts flow to the radiator only when the 

temperature is above a threshold. 

The custom thermal liquid blocks include the Fixed-

Displacement Pump, the Fluid Jacket, the Radiator, and the 

Thermostat. The Fluid Jacket and the Radiator are 

modifications of the Pipe (TL) block. These components 

represent an internal volume of liquid to model the effects of 

dynamic compressibility and thermal capacity using the mass 

and energy conservation equations. Default priorities for the 

pressure and temperature are set to high to provide initial 

conditions for the liquid state. The Fixed-Displacement Pump 

is a modification of the Mass Flow Rate Source (TL) block. 

The Thermostat is a modification of the Local Restriction 

(TL) block. Both components are assumed to contain 

negligible volume of liquid. Therefore, they are assumed 

quasi-steady. 

All four components inherit from foundation. 

Thermal liquid. Two port dynamic or foundation. Thermal 

liquid two port steady base classes, which implements 

common equations to calculate the energy flow rate based on 

a smoothed upwind method. This method allows energy to be 

convected downstream, enabling the proper propagation of 

information throughout the thermal liquid network. 

 
Fig. 2: Proposed modal 

V. RESULT 

1) The model was then used to compare the performance of 

the conventional cooling system with the intelligent 

cooling system. Fig. shows a comparison between 

desired coolant exit temperature, conventional cooling 

system temperature, and intelligent cooling system 

temperature  

2) The desired temperature is obtained from the previously 

described experiments that determined the temperature 

which results in optimum fuel efficiency for a given 

engine load. As expected, one effect of the intelligent 

cooling system is to increase mean steady state 

temperature by 14 C compared to the conventional 

cooling system Note that for safety purposes (i.e., to 

prevent engine damage from knocking) the mean desired 

temperature is set at 104 C instead of 110C. This is 

because the instantaneous temperature can rise up to 6 C 

above the mean temperature, thus setting the mean 

temperature at 104C keeps the instantaneous temperature 

peaks below the 110 C threshold for knocking. 

 
Fig. 3: Temperature and time relation diagram 
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1) It has been shown that the cooling system performance 

can be improved by the individual contributions of both 

an electric water pump and a heated thermostat. 

However, it should also be considered that sometimes 

both of these devices may activate simultaneously 

2) in this fig.4 we compare the rotational speed of pump 

change with respect to time for base model and proposed 

model. 

 
Fig. 4: Valve speed with respect to time relation diagram 

Fig. 5: which compares the heated thermostat 

operation for different temperature differences using an 

electrical water pump. 

2) Number of switching is more so we can say thermostat 

opening is repeated with in a time interval 

 
Fig. 5: Valve Speed with Respect to Time Relation Diagram 

VI. CONCLUSION 

In this paper study is oriented on intelligent cooling system 

and control model for improved engine thermal management 

and related work. We are simulated intelligent system and 

optimized valve control and function of coolant.   
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