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Abstract: The Coolant pump assembly is a system to move heat around the engine. The main purpose of 

the assembly is to carry away the intense heat generated by the combustion in the engines and other 

applications include heating parts of the engine for cold weather. The engine runs best at a fairly high 

temperature. When the engine is cold, components wear out faster, and the engine is less efficient and 

emits more pollution. So another important job of the cooling system is to allow the engine to heat up as 

quickly as possible, and then to keep the engine at a constant temperature. The heat pump assembly is 

modeled using Catia and the analysis is carried out in Ansys. The heat pump system is subjected to 

different fluctuating temperatures from 260
o
C to room temperature. So, detailed thermal and structural 

analysis was carried out for designing the system and studied different modifications for proposing the 

optimum design with reduced deformations and stresses due to thermal loads. 

 

 

I- INTRODUCTION 

 

1.1 General Description 

A heat pump is a device that transfers heat energy 

from a source of heat to a destination called a 

"heat sink". Heat pumps are designed to 

move thermal energy in the opposite direction of 

spontaneous heat transfer by absorbing heat from 

a cold space and releasing it to a warmer one. A 

heat pump uses a small amount of external power 

to accomplish the work of transferring energy 

from the heat source to the heat sink.
 

 
While air conditioners and freezers are familiar 

examples of heat pumps, the term "heat pump" is 

more general and applies to many heating, 

ventilating, and air conditioning devices used for 

space heating or space cooling. When a heat 

pump is used for heating, it employs the same 

basic refrigeration-type cycle used by an air 

conditioner or a refrigerator, but in the opposite 

direction - releasing heat into the conditioned 

space rather than the surrounding environment. In 

this use, heat pumps generally draw heat from the 

cooler external air or from the ground. 

In heating mode, heat pumps are three to four 

times more effective at heating than simple 

electrical resistance heaters using the same 

amount of electricity. The typical installation cost 

of a heat pump is about 20 times greater than that 

of resistance  

  

1.2 Overview 

Heat energy naturally transfers from warmer 

places to colder spaces. However, a heat pump 

can reverse this process, by absorbing heat from a 

cold space and releasing it to a warmer one. Heat 

is not conserved in this process and requires some 

amount of external energy, such as electricity. In 

heating, ventilation and air conditioning (HVAC) 

systems, the term heat pump usually refers 

to vapor-compression refrigeration devices 

optimized for high efficiency in both directions of 

thermal energy transfer. These heat pumps can be 

reversible, and work in either direction to provide 

heating or cooling to the internal space. 

Heat pumps are used to transfer heat because less 

high-grade energy is required than is released as 

heat. Most of the energy for heating comes from 

the external environment, only a fraction of which 

comes from electricity (or some other high-grade 

https://en.wikipedia.org/wiki/Thermal_energy
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energy source required running a compressor). In 

electrically-powered heat pumps, the heat 

transferred can be three or four times larger than 

the electrical power consumed, giving the system 

a coefficient of performance (COP) of 3 or 4, as 

opposed to a COP of 1 for a conventional 

electrical resistance heater, in which all heat is 

produced from input electrical energy. 

Heat pumps use a refrigerant as an intermediate 

fluid to absorb heat where it vaporizes, in the 

evaporator, and then to release heat where the 

refrigerant condenses, in the condenser. The 

refrigerant flows through insulated pipes between 

the evaporator and the condenser, allowing for 

efficient thermal energy transfer at relatively long 

distances. 

 

II - LITERATURE SURVEY 

 

This chapter provides an overview of the 

literature on the works carried out in the analysis 

of Heat Pumps and emergence of ANN 

simulation for thermal systems which are relevant 

for present studies. 

 

Analysis of Heat Pumps 

Several different approaches have been devised to 

the study Heat Pumps. Early attempts include 

analytical solutions of the Nusselt number for a 

large collection of duct shapes under laminar flow 

(Shah and London, 1978), with either constant 

wall temperature or constant wall heat flux 

boundary conditions, using different techniques 

such as conformal mapping (Sastry 1964, 1965) 

or Galerkin integral methods (Haji-heikh et al 

1983). Many simplified models for Heat Pumps 

have also been proposed. An analytical approach 

for predicting the air-side performance of a 

single-phase heat exchanger with louvered fins 

was developed (Sahnoun and Webb 1992). Their 

model predicted heat transfer coefficients with 

errors of as much as 25%. For calculating the air-

side heat transfer in Heat Pumps under 

condensing conditions an analytical method has 

been described (Ramadhyani 1998). Recently, 

Srinivasan and Shah (1997) examined 

condensation phenomena occurring in compact 

Heat Pumps. Other attempts to analyze transport 

phenomena in the air-side, within the fin-tube 

passages (Kushida et al 1986; Bastani et al 1992; 

Torikoshi et al 1994), and in the water-side, 10 

inside the tube bends (Goering et al 1997), have 

been carried out with CFD techniques assuming 

isothermal fins.  

 

Ranganayakulu and Seetharamu (1999) 

performed a steady state simulation of a single-

phase heat exchanger using finite elements. Their 

analysis included the effect of one-dimensional 

heat conduction at the wall, no uniformity in the 

inlet fluid flow, and a few different models of 

temperature distributions Due to the fact that no 

analytical or accurate numerical solutions are 

available; the information has been usually 

derived experimentally. A large amount of 

experimental information about transport 

phenomena in single-phase, cooling, and 

evaporator Heat Pumps are reported in the open 

literature (Webb 1980; Kakac et al 1981; Kays 

and London 1984; Shah et al 1990). For instance, 

Beecher and Fagan (1987) determined 

performance data for single-phase finned-tube 

Heat Pumps; Jacobi and Goldschmidt (1990) 

characterized, experimentally, heat and mass 

transfer performance of a condensing heat 

exchanger. Similar studies were also examined by 

McQuiston (1976 and 1978), Mirth and 

Ramadhyani (1995), and Yan and Sheen (2000). 

Thermal performance data for evaporators have 

been developed by Panchal and Rabas (1993). 

These findings are all based on the experimentally 

determined overall, air-side and water-side heat 

transfer coefficients. A few studies have been 

carried out to find correlations for the 

performance of compact Heat Pumps. The most 

representative examples are those for single phase 

operating conditions (Gray and Webb 1986), for 

Heat Pumps operating under wet conditions 

(McQuiston 1978), and for evaporators 

(Kandlikar 1991). The review results revealed 
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that the achievement of the thermal comfort 

conditions optimizes the size of the Heat Pumps.  

 

These review results revealed that the provision 

of baffles in the Heat Pumps causes huge pressure 

drop of the heat transfer fluid. This limitations 

can be overcome by using dimples, fins, full 

length twisted tapes and vortex generators. Also 

review results revealed that the proper designs for 

the fluid flow in compact Heat Pumps is essential. 

The axial heat conduction affecting parameters 

are Reynolds number (Re), thickness of 

separating wall (ts) and thermal conductivity ratio 

(Kr). 

 

III - OBJECTIVES AND METHODOLOGY 

 

The objective of this project work is to 

successfully develop a design of a heat exchanger 

for minimizing of its entropy. The mechanism is 

to be reliable, simple, cost-effective and 

practically feasible. The aim of this heat 

exchanger is to provide constrained 

thermodynamic optimization, so as to enable the 

required measurement of Entropy in the heat 

exchanger. This system is also supposed to 

enhance the comfort temperature and the 

favorable conditions.  

 

The methodology adopted to use standard and 

presently used components in design rather than 

to design all components from ground up. The 

advantage of this method is that, you do not have 

to spend ridiculous amount and entropy level in 

testing the integrity of each part as they have 

already proved their worth in real world 

applications. 

 

Initially the design was adopted from an already 

existing heat exchanger and minor changes were 

made to suite our purpose, first devised was based 

on using the fluid between the wall, shell and the 

pipes set and lowering each level of entropy of 

the system. This mechanism was later taken in 

testing phase due to following conditions. 

 

1. Heat transfer coefficient on the heat pump has 

been obtained from tubes. 

2. Pressure drop have been obtained for heat 

pump. 

3. Heat Pump process has to be obtained. 

4. Carry out design and optimization of heat 

pump. 

 

Due to these conditions, the design was changed 

and a fully new design was defined. The model 

also uses the same mechanism setup. The 

software to be used in design is Catia V5 and 

testing of design is Ansys. 

 

Engineering Design 

Catia Elements offers a range of tools to enable 

the generation of a complete digital representation 

of the product being designed. In addition to the 

general geometry tools there is also the ability to 

generate geometry of other integrated design 

disciplines such as industrial and standard pipe 

work and complete wiring definitions. Tools are 

also available to support collaborative 

development. 

A number of concept design tools that provide 

up-front Industrial Design concepts can then be 

used in the downstream process of engineering 

the product. These range from conceptual 

Industrial design sketches, reverse engineering 

with point cloud data and comprehensive 

freeform surface tools. 

 

Analysis 

Ansys Elements has numerous analysis tools 

available and covers thermal, static, dynamic and 

fatigue FEA analysis along with other tools all 

designed to help with the development of the 

product. These tools include human factors, 

manufacturing tolerance, mould flow and design 

optimization. The design optimization can be 

used at a geometry level to obtain the optimum 

design dimensions and in conjunction with the 

FEA analysis. 
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 IV - WORKING METHODOLOGY OF 

HEAT PUMP 

 

Mechanical heat pumps exploit the physical 

properties of a volatile evaporating 

and condensing fluid known as a refrigerant. The 

heat pump compresses the refrigerant to make it 

hotter on the side to be warmed, and releases the 

pressure at the side where heat is absorbed. 

 

The working fluid, in its gaseous state, is 

pressurized and circulated through the system by 

a compressor. On the discharge side of the 

compressor, the now hot and highly pressurized 

vapor is cooled in a heat exchanger, called 

a condenser, until it condenses into a high 

pressure, moderate temperature liquid. The 

condensed refrigerant then passes through a 

pressure-lowering device also called a metering 

device. This may be an expansion 

valve, capillary tube, or possibly a work-

extracting device such as a turbine. The low-

pressure liquid refrigerant then enters another heat 

exchanger, the evaporator, in which the fluid 

absorbs heat and boils. The refrigerant then 

returns to the compressor and the cycle is 

repeated. 

 
It is essential that the refrigerant reaches a 

sufficiently high temperature, when compressed, 

to release heat through the "hot" heat exchanger 

(the condenser). Similarly, the fluid must reach a 

sufficiently low temperature when allowed to 

expand, or else heat cannot flow from the ambient 

cold region into the fluid in the cold heat 

exchanger (the evaporator).  

 

In particular, the pressure difference must be great 

enough for the fluid to condense at the hot side 

and still evaporate in the lower pressure region at 

the cold side. The greater the temperature 

difference, the greater the required pressure 

difference, and consequently the more energy 

needed to compress the fluid.  

 

Thus, as with all heat pumps, the coefficient of 

performance (amount of thermal energy moved 

per unit of input work required) decreases with 

increasing temperature difference. 

 

V - DESIGN METHODLOGY OF HEAT 

PUMP 

 

Introduction to CATIA 

CATIA (Computer Aided Three-dimensional 

Interactive Application) is a multi-platform 

CAD/CAM/CAE commercial software 

suite developed by the French company Dassault 

Systems. Written in the C++ programming 

language, CATIA is the cornerstone of the 

Dassault Systems product lifecycle 

management software suite. CATIA competes in 

the high-end CAD/CAM/CAE market with Cero 

Elements/Pro and NX (Unigraphics). 

 

 
Fig: 5.1: Home Page of CatiaV5 

 

Modeling of Heat Pump in CATIA V5 

This heat pump is designed using CATIA V5 

software. This software used in automobile, 

aerospace, consumer goods, heavy engineering 

etc. it is very powerful software for designing 

complicated 3d models, applications of CATIA 

Version 5 like part design, assembly design. 

https://en.wikipedia.org/wiki/Condensation
https://en.wikipedia.org/wiki/Refrigerant
https://en.wikipedia.org/wiki/Gas_compressor
https://en.wikipedia.org/wiki/Heat_exchanger
https://en.wikipedia.org/wiki/Condenser_(heat_transfer)
https://en.wikipedia.org/wiki/Thermal_expansion_valve
https://en.wikipedia.org/wiki/Thermal_expansion_valve
https://en.wikipedia.org/wiki/Capillary
https://en.wikipedia.org/wiki/Turbine
https://en.wikipedia.org/wiki/Coefficient_of_performance
https://en.wikipedia.org/wiki/Coefficient_of_performance
http://en.wikipedia.org/wiki/Dassault_Systemes
http://en.wikipedia.org/wiki/Dassault_Systemes
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Fig: 5.2: Model design in CATIA-V5 

 
Fig: 5.3: Model arrangement in CATIA-V5 

 

VI - ANALYSIS OF HEAT PUMP 

6.1 Procedure for FE Analysis Using ANSYS: 

The analysis of the heat pump is done using 

ANSYS. For compete assembly is not required, is 

to carried out by applying moments at the rotation 

location along which axis we need to mention. 

Fixing location is bottom legs of rod assembly 

machine.  

 

6.2 Preprocessor 

In this stage the following steps were executed: 

 Import file in ANSYS window 

File Menu > Import> STEP > Click ok for the 

popped up dialog box > Click 

Browse" and choose the file saved from 

CATIAV5R20 > Click ok to import the file 

 
Fig.6.1: Import panel in Ansys. 

 

It is modeled with 1d element and shown as 

above and assembled with adjacent components. 

Few components are solved using Thermal 

Analysis for checking the stress and 

displacements while flowing the fluid.  

After completing the meshing of each assembly 

components next is to do analysis based on the 

OEM (Original Equipment of Manufacturer) 

application. So all the models which are analyzed, 

we need to mention in the Ansys software to get 

accurate results as per the original component. 

Some of the components are needed to be solved 

using thermal analysis. 

 

VII - DISCUSSION ON ANALYSYS RESULT 

7.1 Results of Nodal Temperature: 

 
Fig: 7.1: Nodal Temperature of Shell 
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Fig: 7.2: Nodal Temperature of Evaporator 

 
Fig: 7.3: Nodal Temperature of Blower  

7.2 Results of Thermal Gradient: 

 
Fig: 7.18: Thermal Gradient Analysis of Shell  

 
Fig: 7.19: Thermal Gradient Analysis of 

Evaporator  

 
Fig: 7.20: Thermal Gradient Analysis of 

Blower 

6.3 Results of Thermal Flux: 

 
Fig: 7.35: Thermal Flux Analysis of Shell 

 
Fig: 7.36: Thermal Flux Analysis of 

Evaporator 

 
Fig: 7.37: Thermal Flux Analysis of Blower 

6.3 Results of Heat Flow:  
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Fig: 7.35: Heat Flow Analysis of Shell  

 
Fig: 7.36: Heat Flow Analysis of Evaporator  

 

 
Fig: 7.37: Heat Flow Analysis of Blower 

 

VIII - CONCLUSION 

 

It can be seen from the above result that, our 

objective to minimization the entropy in heat 

exchanger using constrained thermodynamic 

optimization which has been successful. As 

shown above figures the Nodal Temperature of 

the complete design is meshed and solved using 

Ansys and Nodal Temperature for Evaporator is 

37.05, for Shell is 31.09 and for Blower is 39.13. 

This is showing us that clearly each component in 

assembly is having minor entropy.  

The maximum Thermal gradient is coming, this 

solution solving with the help of Ansys software 

so that the maximum Thermal gradient for 

Evaporator is 0.209, for Shell is 0.201 and for 

Blower is 0.670. 

The maximum Thermal flux is coming, this 

solution solving with the help of Ansys software 

so that the maximum Thermal flux for Evaporator 

is 0.029, for Shell is 0.028 and for Blower is 

0.093. That the maximum Heat flow for 

Evaporator is 0.057, for Shell is 0.075 and for 

Blower is 0.0015. So we can conclude our design 

parameters are approximately correct. 

The design of the heat pump mechanism worked 

flawlessly in analysis as well, all these facts point 

to the completion of our objective in high esteem.  
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