ISSN: 0974-5823 \Vol. 7 No. 2 February, 2022

International Journal of Mechanical Engineering

Heat Transfer Investigation of Shock Absorber Test
Rig with Different Damping Fluid

Ankit K. Patel

GIDC Degree Engineering College Navsari, Gujarat
Toral V. Patel

GIDC Degree Engineering College Navsari, Gujarat

Mayur J. Jalanapurkar

GIDC Degree Engineering College Navsari, Gujarat

Jigar K. Patel
Govt. Polytechnic Dahod, Gujarat

Abstract - The objective of this study is to analysis the heat transfer rate of the surface absorber body. The shock absorber test rig
will develop to collect experimental data. This test rig also useful to test and indicates the condition of shock absorber. A new and
modify shock absorber single/multi tube type will be used for this experiment. The problem of overheating will be effect on
damping fluid characteristics and decrease shock absorber performance.
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INTRODUCTION

The era of automobile started without any suspension system. Riding comfort was not available in early auto-vehicles. The whole
vehicle was not supported by any mean of elastic medium. The inspection of pneumatic tyres served this purpose to some extend
by providing air cushion, but this was not a complete and correct solution. The damper is the common name as shock absorber.
We can, therefore, conclude that an automotive suspension system transits of mainly two arrangements viz. 1) Spring and 2)
Shock absorber Suspension System plays an important role for a comfortable ride for passenger besides protecting the chassis and
other working parts from getting damaged due to road shocks.[1]

Function of shock absorber: As the name implies a shock absorber has to absorb shock but technically speaking, it does not absorb
road shock

I. SINGLE TUBE SHOCK ABSORBER

Functional principle of mono tube shock absorbers: With a one-piston shock absorber, the piston works directly in the damping
case. Both, traction and also compression phase valve are integrated into the piston at the end of the piston rod. Depending on the
velocity with which the shock absorber is compressed or extended, the

Forces rise. 4 A characteristic is the separating piston that separates the oil from the gas space which is under strong pressure. The
gas space balances the oil expansion with temperature differences and volume changes while the piston rod retracts.

1. TwIN TUBE SHOCK ABSORBER

Functional principle of twin tube shock absorbers: With a Twin-Tube shock absorber, the piston works inside of an inner
Tube. The space between the inner tube and the casing is used as an equalization chamber. Changes in volume due position of the
piston rod change the oil level in the equalization chamber between the outer casing and inner Tube. @

1. OBJECTIVE OF THE STUDY

o Analysis of the heat transfer rate at surface of shock absorber body.
] Analyzing alternative shock absorber damping fluid.
] To improve performance of shock absorber.

PROBLEM DEFINITION

The goal of the shock absorber is to dampen spring oscillation by converting the kinetic energy from spring movement into heat
energy. In order to reduce spring oscillation, shock absorber absorbs energy. If high heat inside the absorber occurs, it will heat
the damping fluid. This will change the molecular structure and density of fluid inside the absorber that cause it's damping
capability to be decrease.
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Heat transfer occurs when there has a temperature different in a medium or between media. When a temperature gradient exists in
a stationary medium, which may be a solid or a fluid, the term conduction is used to refer to the heat transfer that will occur across
the medium. The early style of shock absorber used friction to absorb the spring energy. The hydraulically shock absorber are
basically oil pump that force the oil through the opening called orifice. This action generates hydraulic friction, which convert
kinetic energy to heat energy as it reduces unwanted motion. The temperature of the working fluid in the liquid spring
significantly alters the properties for working fluids; it is widely known that shock absorber characteristics vary with temperatures.
So, the approach to counteract the problem is to improve heat transfer between Air-gap. In this research work, an objective is to
improve the performance of shock absorber and maintain shock absorber performance with maximum use.

EXPERIMENTAL SETUP
SHOCK ABSORBER TESTER

According to experiment to produce actual damping condition of shock absorber in room it is necessary to construct a device
which can produce up and down movement of shock absorber. For heat transfer study of shock absorber it is required to analyze
the heat transfer rate of surface of shock absorber. The shock absorber test rig was developed to collect experimental date. B3]

I1. COMPONENT OF SHOCK ABSORBER TESTER

] Electric motor

° DC Drive

] Piston crank mechanism
o RTD sensor

J Display device.

Figure 1: Experimental Set-up for Shock Absorber

THEORETICAL INVESTIGATION
The literature on Heat transfer generally recognizes three distinct mode of Heat transmission
l. CONDUCTION
I1. convection and
1. radiation

Heat transmission from shock absorber oil to Body and from Body to Atmosphere is process of Conduction. Conduction is a
mechanism of heat propagation from a Region of Higher temperature to a region of low temperature within a medium (solid,
liquid, gaseous) or between different medium in direct physical contact. Since conduction is essentially due to Random molecular
motion, the concept is termed as microform of heat transfer and is usually referred to as diffusion of energy. The rate equation for
flow of heat by conduction is prescribed by the Fourier Law. [']

CALCULATION OF HEAT FLUX
Heat Flux Q@ = —K
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Where;

OO0 0T =Temperature difference

[1X =Distance/Thickness of Shock Absorber Body
K= Thermal conductivity

A. SHOCK ABSORBER FLUID

According to the particular application, the oil type, and viscosity and density at standard temperature, may be specified. Usually a
standard damper mineral oil will simply be defined by a manufacturer’s reference number. For more difficult cases, low-viscosity-
index synthetic oil may be required, but again indicated by a manufacturer and oil type number. Because of the considerable effect
of high temperature, this reduces viscosity. It is necessary while selecting oil that viscosity variation should be less for good
damping and viscosity affects minimum by temperature difference.

In experiment Shock absorber oil used is ISO 68 equivalent to SAE 20. Chemical property of shock absorber oil is shown in table
Table 2: Properties of shock absorber oil

Substance ISO 68 oil
Formula C25H52
Molecular Mass 305Kg/mol
Density 0.67 t00.86 g/cm
Thermal conductivity 0.15W/(mk2)
Colour Amber

Castor oil is a vegetable oil obtained by pressing the seeds of the castor oil plant. It is a colorless to very pale yellow liquid with a
distinct taste and odor once first ingested. Castor oil and its derivatives are used in the manufacturing of cold resistant plastics,
brake fluids, inks, dyes, coating and lubricants etc.

Table 3: Properties of Castor Oil

Name Castor Qil
Formula Ci1sH3403
Appearance Yellow Colour
Melting point —17°C

Boiling point 88 °C

Density 991 kg/m?
Molecular Weight 298.4608 grams

V.
VI.
VII.
VIIIL.

Xl.
XIlI.

EXPERIMENTAL PROCEDURE

THE EXPERIMENTAL SET UP INVOLVES FOLLOWING STEPS:
The shaft is driven through a single-phase DC motor.
The three phase DC motor speed is controlled by DC Drive System.
From these the shaft is driven at constant rpm.

As the single slider crank mechanism is connected to the shaft, mechanism rotates from which the rotary motion is
converted into reciprocating motion by means of follower.

The follower is guided by a bush and in order to overcome any distortion, side frames are welded to that.
The shock absorber, which is subjected to both compressive and tensile force.
The shock absorber is fitted in the air gap on the tester.
Measure the temperature of the shock absorber surface at all RTD sensor.
Ensure that shock absorber oil seal and sensor works properly.
Keep the distance while starting the process and calculate the temperature of shock absorber after estimated cycles.
Sensors are used to get output.
On add another oil to check and repeat above process again.
From the value, the performance testing of the shock absorber is derived
Copyrights @Kalahari Journals Vol.7 No.2 (February, 2022)

International Journal of Mechanical Engineering
2967



CALCULATION AND DISCUSSIONS
Shock Absorber without Substance

The testing of shock absorber is started with getting the early absorber performance. Before the experiment is started, the room
temperature and surface temperature of the absorber was measured. The experiment is started to make 100 cycles of bounce and
jounce for 10 times.

Surface temperature will be measure after the end of each experiment. The results are shown as follow:
Room temperature: 32.3°C

Early temperature at the P: 32.4 °C

Early temperature at the Q: 32.2 °C

Early temperature at the R: 31.9 °C

Table 4: A Rising Temperature of shock absorber with air substance

Exp Cycle Temperature
P Q R
1 100 325 32.3 32.1
2 200 32.7 325 32.3
3 300 329 32.7 325
4 400 33.2 32.9 32.7
5 500 33.5 33.1 32.9
6 600 33.8 334 33.1
7 700 34.1 33.6 333
8 800 34.3 3338 335
9 900 34.6 34.1 33.7
10 1000 35.1 34.4 33.9

From the recorded data, the graph of temperature against number of cycle can be plotted to show how the temperature rising at the
3 different points.

Figure 2: Graph of Temperature versus Number of Cycle with Air Substance
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From the result and graph plotted above, it shows that the early temperature at the three points is similar with the room
temperature. The temperature for the three places on the surface absorber is increases with number of cycle. This shows that the

absorber is heated when it is operate.

As the piston compress and expand to absorb the shock, it will give a force to the oil inside the absorber. The friction force will
occur at the piston surface and this friction force will transfer to heat energy around the surface cylinder. The arising temperature
after 1000 cycle of bounce and jounce shown in table,

Table 5: Temperature difference of shock absorber with air substance

Temperature  Before After
Exp Exp
Temperature 32.435.1
at point P
Temperature 32.234.4
at point Q
Temperature 31.933.9
at point R

Temperature
difference
2.7
2.2
2.0

Maximum heat flux for experiment using air substance is 4.129 W/ (mk?).

Il. SHOCK ABSORBER WITH CASTOR OIL

In order to improve the heat transfer inside the absorber, Castor oil is use as a second substance insert inside the absorber to fill
the air gap between the internal cylinder (which contains piston and damping fluid) and outside cylinder. Its characteristic is

shown as below,

Table 6: Properties of Castor Qil

Name Castor Oil
Formula C18H3403
Appearance Yellow Colour

Viscous Liquid

Melting point -17°C
Boiling point 88 °C
Thermal conductivity 0.180 W/m K
Density 991 kg/m3
Molecular Weight 298.4608 grams
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Table 7: Arising temperature of shock absorber with Castor Oil

'Temperature

p  Cycle P Q R

1 100 354 35 345
2 200 35.7 35.4 34.8
3 300 36.3 35.7 34.9
4 1400 36.3 35.9 35.1
5 500 36.3 35.9 35.1
6 1600 36.8 36.3 35.2
7 [700 37.2 36.5 35.4
8 1800 37.3 36.7 35.7
9 900 37.6 36.8 35.9
10 |1000 37.8 36.9 35.9

Figure 3: Temperature versus number of cycle with Castor Oil.
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Table 8: Temperature difference of shock absorber with Castor Qil.

Before  After = Temperature

Temperature EXxp Exp difference
Temperature
at point P 33.3 37.8 4.5
Temperature
at point Q 33.4 36.9 35
Temperature
at point R 33.2 35.9 2.7
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Maximum heat flux for experiment using castor oil is 47.647 (W/ (mk?)).

DISCUSSION

From the analysis of shock absorber with using substances like Air substance, Castor oil, give the obvious difference of increasing
temperature at surface body. It becomes a major parameter in this research work of air-gap investigation. It is obviously shows
that the arising temperature for modify design is much better than the aftermarket design. This is because the substances have a
high thermal conductivity than the air. The substances help to transfer the heat inside the absorber through the outside body
proportionate with air. From experiment the result shown in table is obtained.

Table 9: Heat Flux of Substances

Substances Heat Flux (WM'Zk'Z)
Air 4.129
Castor Qil 47.647

CONCLUSIONS

As the absorber operates, it will become heated. If the heat cannot be transfer very well through the surrounding, it will heated the
damping fluid inside the absorber thus changes the damping fluid characteristic and decreasing the absorber performance. In order
to overcome this problem, a substance that has a high thermal conductivity must be added inside the absorber. After theoretical
calculations and graph analysis following conclusions have been made:

Using Castor oil as a substance can improve the heat transfer inside the absorber up to 12.49 %
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