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Abstract

The present work is conducted in order to study the effect of oil
temperature and pressure variation on the hydraulic system performance at various
ranges of temperature and pressure. The ail is the first component which will be
influenced by the changes in the surrounding conditions and all its properties will
be changed. The most important property of the cil that will be studied is the
viscosity. The viscosity is measured experimentally at different temperatures (20
— 100) °C and atmospheric pressure and by using corrdations taken from
literature of other researchers in order to evaluate the viscosity at different
temperatures and pressures. The hydraulic test bench existing at the Fuid
Mechanic Laboratory/University of Technology has been developed to meet the
requirements of the experimental work. The effect of the temperature and pressure
will be studied by evaluating the work of two loading actuators (hydraulic cylinder
and motor). It was found that, the oil viscosity depends mainly on the temperature
and the effect of pressure on the viscosity can be noticed clearly at low
temperature. The temperature rising in the closed hydraulic circuit is faster and
higher than that in the open hydraulic circuit and the work of the system depends
mainly on the temperature and the working period.

Keywords: Hydraulic system, oil viscosity, temperature effect.
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Introduction

Hydraulic systems utilize the
process of energy conversion and
transmission. The process of energy
conversion and transmission involve
losses in which mechanical and
hydraulic energy is converted into
heat. The operating temperature is one
of the factors governing the efficiency
of a hydraulic system. Where the
temperature of the hydraulic fluid
depends on:

- Thepower losses

The place of installation
The surface area of heat-
radiating components (such as
tank)

and the maximum permitted fluid
temperature depends on:
Thetype of fluid
The requirements
system

of the

If the temperature is too low, the flow
resistance is increased and difficulties
are experienced with the suction of the
pump. If the temperature is too high,
there are more fluid leaks so losses
and wear are greater [1]. A hydraulic
system that could operate at constant
temperature, including start-up, would
function at optimum efficiency at all
times if the proper fluid viscosity had
been sdlected. Unfortunately, such a
hydraulic system is purdy theoretical
because a typical hydraulic system
converts about 20% of its input
horsepower into heat [2]. Heat in the
hydraulic system may be caused by
two things- friction and externa
temperature. A large volume of high-
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pressure oil spilling through the relief
valve or passing through long lengths
of piping is bound to create excessive
heat. Very high external temperatures
will transfer considerable heat into a
hydraulic system. For example, a
hydraulic system which is used for
feeding and controlling the opening
and closing of furnace doors is
subjected to extensive heat. Various
methods have been devised to reduce
the temperature of the hydraulic ail.
Where it is generally agreed that the
operating temperature (temperature of
oil in the reservair) should not exceed
60 °C . One of this method is to
provide larger oil reservoirs for the
power unit with or without heat
exchanger depending of its application
[3]. Vern Hopkins, and Benzing R.
J. (1963) [4] developed a simulated
hydraulic circuit in order to evaluate
fluids subjected to high shear rates at
pressure up to 207 bar and at
temperature up to 370 °C. On
resuming the test, the pumping rate
had usually increased a small amount.

However, after the last test
interruption  the  pumping rate
decreased, probably because of

increased internal pump leakage. Like
the pumping rate, the pressure drop
across the filter is also higher on
restarting after a test is interrupted.
This greater pressure drop across the
filter is probably caused by disrupting
an established flow pattern through
the filter disks. Drexler P. (1988) [5]
presented the change in viscosity with
temperature which was expressed by
the viscosity index specified in DIN
ISO 2909. The viscosity-pressure
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behavior of hydraulic fluid was also
presented which is more important
when the operating pressures are
higher. Love L. J. et al (1997) [6]
showed that the hydraulic drives are
sensitive to temperature variation.
Figure (1) illustrates the variation,
supply and reservoir oil temperature
over 5 hours of continuous operation.
The ripple in the supply temperatureis
due to the dissipation of heat in the ail
through the rubber hoses during high-
frequency operation. They found that
when the fluid temperature rises, the
effective bulk modulus of the fluid
decreases, this decreases in the bulk
modulus directly reduces the effective
stiffness of the fluid. Knezevi¢ D. and
Savi¢ V. (2006) [7] presented a
mathematical model "Modulus
Equation” for calculating dynamic
viscosity. "Modulus Equation” is
based on the Barus equation
(4 = p.2%%). The model compromise
pressure P (bar) and temperature T
(°C), as shown below:

7 .
?-:i.'-l_—.':?_'P-

and by using Vogd equation to
determined the viscosity at the

b\
atmospheric pressure (g, = ae'Ta—s )
asfollows:

U=u,gsn"=

s T .P

d=ag .':M i 'f-El'il_'t'.'l :1'-".‘ F.

Parameters a;, &, b; and b, represent
the oil behavior and have to be
calculated from the experimental data,
table (1). It can be seen that neglecting

the influence of working pressure can
lead to sSignificant mistakes at
calculating of value of dynamic
viscosity of hydraulic ocils. The error
value increases with the growth of
pressure and decreases of temperature.

In this paper a verification of
the oil viscosity change and its effect
on the hydraulic system at low
temperatures and pressures will be
studied experimentally.

2- Experimental System

The hydraulic system device
used in this work consists of the
following parts as shown in figures (2)
and (3):

1)  AC motor
Power = 3 kW
Speed = 1500
rpm

2)  Pump (Gear pump)
Flow rate = 14
L/min
Max.
Pressure=120 bar
3) Directional control valve

Size10
4)  Rédief valve
Size6
5)  FHow control valve
Size10
6) Check valve
TypeS
Size10
7)  Hydraulic cylinder
Unsymmetrical
8) Hydraulic motor (Gear

type)
9) DC generator
10) Variableresistance
11)  Spring load
12)  Manual directional valve
13)  Digital multimeter
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14) Pressure gauge (Borden
gauge and Transducer)
15) Digital thermometer
16) Heaters ( Two Hesaters)
For each hesater:

Length= 180 cm
Diameter =1 cm
Power = 1000 W

17)  Pressure transducer
Rang (0-40) bar
Output (4-20) mA
Input (24V DC)

18)  Sdector switch

19)  Pressuredisplay

20)  Power supply

21)  Temperature controller

22) Tank

23)  Coupling

24)  Directional control valve

switch
25)  AC motor switch

And the viscosity measuring
device is consisted of the following
parts as shown in figures (4):

a) Water reservoir, where the
water is used as a heating
medium
Mixing device
Electrical heater
Temperature controller
Capillary viscometer
Iron catcher, to fixed the
viscometer inside the water
reservoir

b)
c)
d)
€)

f)

In this work, there are several
practical tests to evaluate the effect of
temperature on the system, where the
viscosity of the system's oil (HL22) is
measured experimentally under the
atmospheric  pressure  in the
temperature range (20—100) °C, and
these experimental data for the
dynamic viscosity at three

2534

temperatures (20, 40 and 100) °C are
used in the Vogd equation (where ,
three equations can be determined to
evaluate the three constants a, b and c
of Voge equation and by solving
these three equations one can get three
constants as follows for a b and c
were 0.000031083 Pa.s, 1132.5833 K
and 147.4466 K respectively) and the
last eguation is used in a two
correlations of Barus equation, eg. (2)
and the following equation in order to
evaluate the oil viscosity at different
temperatures and pressures and for
comparing the results of the two
corrdations [8].

H=as

The effect of the neutral and
loading (open and closed) circuits,
figures (5) and (6), on the system
temperature and pressure is observed
by making the system work at 40 bar
for the two cases during 240 min of
the continues work, and taking the
pressure and temperature reading
every 5 min for comparing purpose
between the two cases.

The effect of temperature on
the hydraulic cylinder displacement
and the hydraulic motor rotational
speed is observed as follows:

For cylinder test, figure (7),
the system is working and raising its
temperature by the two heaters that
located in the tank and measuring the
piston displacement by an eectronic
digital caliber that was fixed on the
cylinder, figure (8), every 5 °C of
temperature raising from (25—70) °C
at constant pressure (10, 20, 30 and
40) bar.

PDF created with pdfFactory Pro trial version www.pdffactory.com


http://www.pdffactory.com
http://www.pdffactory.com

Eng.& Tech. Journal ,Vol.27, No.14,2009

An Experimental Study into the Effect
of Temperatureand Pressureon the
Hydraulic System

For the hydraulic motor test,
and to evaluate the change in the
motor rotational speed, the hydraulic
motor is loaded by DC generator
(These types of DC generators have
linear redationship with rotational
Speed, if the rotational speed is
affected by the temperature; the output
(voltage) of this DC generator will be
influenced too) that was loaded by
variable resistance to generate a
sufficient obstruction in order to make
the pressure grown up. The system is
working and raising the system
temperature by the two heaters during
256 min of continues working at
constant pressure (20, 30 and 40) bar
and taking the pressure, temperature,
generated voltage and the rotational
speed of the hydraulic motor every
two minutes (where a digital
tachometer type (DM-2264) is used to
measure the rotational speed of the
hydraulic motar).

3- Results and Discussion
3.1 Verification of

M easur ement
The comparison between the
decreasing in the experimental data
and the corrdated dynamic viscosity
(Vogel eguation) with the temperature
raise at atmospheric pressure is shown
in figure (9). A great agreement
between the two curves can be noticed
except at temperatures 25 °C and 30
°C and the deviation between the two
curves at these points are 1.7% and

Viscosity

2.11% respectively.
The effect of pressure-
viscosity coefficient (o) on the

variation of the viscosity as a function
of temperature and pressure by using

2535

two correlations (egquations (2) and
(3)) is shown in figure (10). The
difference between the  two
corrdations at high pressures and low
temperature (300, 400 and 500) bar at
0 °C are 1.63%, 3.04% and 4.85%
respectively but at temperatures above
20 °C theresults aretoo close.

Figure (11) shows the
dynamic viscosity gradient with
temperature  raise at  different

pressures according to equation (2)
and that at the range of our working
temperatures and pressures. There are
small differences in the dynamic
viscosity at these working pressures.
This difference  being  smallest
whenever temperature raises, and the
ratios between the maximum pressure
(40 bar) and the minimum pressure (1
bar) at temperatures 20, 30, 40, 50, 60,
70, and 80 °C are 9.28%, 8.62%,
8.04%, 7.53%, 7.09%, 6.69% and
6.35% respectively.

3.2 The Effect of the Neutral and
Loading Circuits on the System
Temperature

Figures (12) and (13) present
the temperatures raising history during
run time at the tank, pump body,
pump outlet and relief valve body, and
the pressure drop with time to the
neutral case (closed circuit) and the

loading case (open circuit) tests
without heating.
Figure (14) presents the

comparison between pressure drops
with time for the previous cases. The
fluctuations of the pressure drop in the
loading case is higher than that of the
neutral case due to the pulsating flow,
where in the neutral case the flow is
accumulated and this will prevent the
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pulsating flow. The range of pressure
drop in the loading case is higher than
that of the neutral case, where in the
neutral case, the pressure drops
approximately to 4 bar but in the
loading case the pressure drops
approximately to 4.7 bar and the ratio
of the pressure losses of the neutral
and loading circuits were 10.2% and
11.65% respectively, and this because,
in the neutral case the pressure drop is
due to the losses in the rdief valve
only, but in the loading case there are
many losses added to that of the relief
valve such as the losses during the
flowing of the oil in the flow control
valve and two manual directional
valves and last and not least the losses
due to the continual load of the
hydraulic motor.
3.3 Temperature Effect on the
Hydraulic Cylinder Displacement
The €ffect of the ail
temperature rising at the pump outlet
on the system pressure and the
hydraulic cylinder displacement is
shown in figure (15) and (16) for
pressures (10, 20, 30 and 40) bar. The
gradient of pressures and
displacements increase as pressure
increase as shown in table (2) and one
can notice the similarity between the
pressure drop curves and that of the
displacement drop. The losses ratios
for the pressures (10, 20, 30 and 40)
bar were 22.36%, 17.36%, 13.09%
and 9.95% respectively. There are
constant  pressure  regions  at
temperatures ranging between 45 °C
to 50 °C for pressure 10 bar, 50 °C to
55 °C at pressure 30 bar and 45 °C to
55 °C at pressure 40 bar. This means
that, for temperature ranging from 45

2536

°C to 55 °C are the best working
conditions for our hydraulic system
due to constant pressure.

34 Temperature Effect on the
Hydraulic Motor Rotational Speed

Figures (17), (18) and (19)
show the pressure drop and
temperatures raise in the system with
time for al test pressures. The ratios
between the fina tank's ail
temperature and the other final system
temperatures are shown in table (3)
for al pressures, and one can notice
the fluctuation in the pressure drop
curve due to the pulsating flow.

The compatibility between the
fluctuation (that due to the pulsating
flow) in the pressure drop and that of
the generated voltage drop with time
are shown in figures (20), (21) and
(22), and from this compatibility one
can notice that, the pressure is affected
by temperature and that reversed on
the generated voltage from the
hydraulic motor.

Figures (23), (24) and (25)
show the drop of the voltage and the
rotational speed with time for all test
pressures, where the compatibility
between the two curves is more clear,
and that means, the rotational speed is
influenced by the temperature raising
and that would affect the generated
voltage.

Figure (26) shows the
comparison between the pressure
drops with time at all test pressures,
where the pressure drops
approximately 4.61bar at 20 bar, 7.21
bar at 30 bar and 7.74 bar at 40 bar.

The comparison between the
voltage drop curves is shown in
figure (27), where one can notice that
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the generated voltage is decreased
when the pressure increased due to the
obstruction increasing.

4- Conclusions
The present work has reached
to the following conclusions:

1- The oil viscosity is a large
dependence on the temperature
but the degradation of the oil
viscosity with high temperature
(above 60) will be small than that
at low temperature.

2- At high temperature (above 60
°C), the effect of pressure on the
oil viscosity can be neglected,
where the effect of pressure is
present clearly at low temperature.

3- The position of the maximum
temperature in the system can be
in the tank if the tank's cooling
system was insufficient.

4- The temperature raising in the
neutral circuit is faster and higher
than that in the loading circuit,
where at a pressure of 40 bar and
at the same period of (240 min),
the temperature of the ail at the
tank reaches to (59.1 °C) for the
neutral circuit and (52.4 °C) for
the loading circuit, i.e. the ratio
was 11.33%.

5- The ratio of the pressure losses in
the tests of the neutral and loading
circuits for a pressure of 40 bar at
the same period of (240 min) were
10.2% and 11.65% respectively,
due to more losses in the loading
circuit.

6- The system performance
dependence  mostly on  the
temperature and the working
period.
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Table 1: Parameters Value for Pressure-Viscosity Coefficient, a [7]

Hydraulicoil of | 5 (par) | a. (bar/ °C b 1/ °C
paratfinic base 1 (bar) | & ( ) 1 b, (1/ °C)
structure 334 3.2557 0.026266 | 0.000315

Table 2: Pressure Drop and Displacement

Pressure (bar) | Pressure Drop (bar) | Displacement Drop (mm)
10 2.24 245
20 3.47 4.65
30 3.93 491
40 3.98 5.14

Table 3: Ratios of Tank's Oil Temperaturewith Other System Temper atures

Pressure (bar) | Pump Body Temperature | Oil a Pump Outlet Temperature | Relief Vave Body Temperature
20 7.41% 3.05% 51.11%
30 9.24% 4.43% 52.86%
40 9.64% 4.45% 53.40%
-
Saf IW
- et r
™ o
o 4B -
< =
< anf - _ R
B B—@ N
o L=
£ 2| —r 1
E | T S
gt L3/ e
= d IR=
o Drashed: Resevio 0 AT, ]’T' %
T Sobd-Supply - 3)
2 . ; . . ; : Q y O [ _11
‘ £ 100 150 0 80 00 T e | —{2
Time {mirve) : l H— TS
. - & —I8) g g
= (g P T A
Figure (1) Temp_eratureVanann VS lo—a@ @—|v| 2, G —®
Time[6] ¥ & Sk i
O—O=f—0 @ @\

Figure (2) Schematic Diagram of the
Hydraulic Cir cuit

2539

PDF created with pdfFactory Pro trial version www.pdffactory.com



http://www.pdffactory.com
http://www.pdffactory.com

Eng.& Tech. Journal ,Vol.27, No.14,2009 An Experimental Study into the Effect of
Temperature and Pressure on the
Hydraulic System

@
®
@
@
©

® e @ & OUEEE 0

©

@ @

Figure (3) The Test Bench of Hydraulic System

Temperamrs
Controller
Trum
Catcher
) Mixing
Capillary Devica
Viscometer
eler

Figure (4) TheVisoo M easuring Device

2540

PDF created with pdfFactory Pro trial version www.pdffactory.com



http://www.pdffactory.com
http://www.pdffactory.com

An Experimental Study into the Effect of
Temperature and Pressure on the
Hydraulic System

Eng.& Tech. Journal ,Vol.27, No.14,2009

L

L

o
=0

Flgure (5) The Schematic Diagram of the Figur e (7) The schematic diagram of the
Neutral Circuit Extending Circuit

Ol Drrection

‘r‘_;.
=)

Oi Direction

Figur e (8) The Electronic Digital Caliper

Figur e (6) The Schematic Diagram of the
Loading Circuit

2541

PDF created with pdfFactory Pro trial version www.pdffactory.com



http://www.pdffactory.com
http://www.pdffactory.com

Eng.& Tech. Journal ,Vol.27, No.14,2009

An Experimental Study into the Effect of
Temperature and Pressure on the

Hydraulic System
& 4 a1 o0 o a oa oo oo ]
b s . "r:"un-n:::n
woon o Rom Kt L Wy * Lirapae Th ._.;r.'
= i Ta, Theashven ., B 1»:'“_3...---'-'""" -
= . - -
- i it "y ,-" a
._"5 k_ L ne o a ,_("', -
B B oL . q . - i
i i o B o Y]
£ t g 8 ] = Fressare L
i A - Dozt 0 o TEERO By
= e T # j’i T FUMOg . 2
& - E T & - =
=, ) - E . F ‘. - FI....'l,.. =
T .. L = ":F " w Rl =
= “x‘_‘ I :":F . 2
. L i
"B
e “ n .'J.'{ T e, B
- F oy - 'I r
- ]
u u el e e m e m oam e on

(IR I T T R S R O TRELTO . IR URIF S I TR N T )

Trngraalv= 11
Figure (9) Measured and Correlated Dynamic
Viscosity With Temperature

A B
I T LT
BRI (T

T 40y, . -
A,
BRI Lr 1 e e
LT
Te HEIEAL,
CEmAR L 3
b R Ty e .
R Th VTR
SRR I L.

lemgrnalae ()
Figur e (10) Two Correlated Dynamic Viscosity
at Different Temperaturesand Pressures

Cywmk v scasky (500

Terperalurs TSy
Figure (11) Correlated Dynamic Viscosity at
Our Working Temperatures and Pressures

2542

T R
Figure (12) ThePressure Drop and
Temperatures Raising With Time (Neutral Case)

EHLY

==

T 1y
P

PO

;u..“‘w.—‘.‘rh

—gragarT s al ol

P X R

Din

e 'resaurs

Pressirs ey

Figure (13) The Pr&ssure Drop and
Temperatures Raising With Time (L oading Case)

s 1
A0y "
Hbg T, Fessoeg,, -
o . S . L
' TS s
ulow® T
)
_ s 1'-, Y
Aot L 1
HA ,{ L]
é L L
o s
JI et
£ x"w oo
B S
- LUREY -
0 "‘:’t- Btk Sl T R |}
i.l F. Fup 3
a] L] S I
.l‘i- *, o h""" LR o ‘:
] y i e
A5 b1
n a1 1 [ 4 [ L} ] »> &l

iz ey
Figur e (14) Comparison of Pressure Drop with
Timefor the Two Cases

PDF created with pdfFactory Pro trial version www.pdffactory.com

ArpRIELE D)


http://www.pdffactory.com
http://www.pdffactory.com

Eng.& Tech. Journal ,Vol.27, No.14,2009

An Experimental Study into the Effect of
Temperature and Pressure on the
Hydraulic System

e —— e ———s—-— - p— —_ o ————]il
et ke, T
lise T ges =] T
L, : _ RN
e R EI T Ehas
o, MARar
Lt alad
., A JAUAr g
= T Do 4 Dup e
] Pyt ey
m - I iy
b
g
;" ]
u E A
I Tkey o - '..:;
_— i
b B S X
it
b
L |
Ty
-
R, Tz
s TR M ey —a L
I R T T S A T
e e U
Figur e (15) All Pressures Drop with
Temperature Raising
u . W
- 5o - b ]
S :
- e B
il w Lt |
- L LY
= . w Mgy, [
E = v L “a Dislane [
e a Fe o — [e— — o
Eoa E
[T =2
o ==
ﬁ ang 2
R =
HIEE L i
[ - e - L—n B
LU P
% 1
" "
" H
: -
i - [
R S L r
Iil i1 L H 4 4 an I} [ 1 .'|I

lamperaluns 1505
Figure (16) All Displacements Drop with
Temperature Raising

-9-"1. -
cmo Ty TR e 7
o _ﬁ__ur“—"ﬂ'

105 'I| S : L T

; e :

1oa it f\:rﬂj-‘::" % -

- ot o Presae
T Lr;‘{“' Te, Tk T ,'*,"_
:g' [N |I'l :-'1, "\. FH-IF""" 3 E
b v S P g g
" ;&' - RrVa 5

1 : e
¢ . g
T o

LI I

T Jimirt;
Figure (17) Pressure Drop and Temper atures
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Figure (18) Pressure Drop and
Temperatures Raising with Time at 30
bar
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Figur e (19) Pressure Drop and Temper atures
Raisingwith Time at 40 bar
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Figure (20) Pressureand Voltage Drop with
Timeat 20 bar

2543

PDF created with pdfFactory Pro trial version www.pdffactory.com

larparara (7]

-.
2

woltage (v


http://www.pdffactory.com
http://www.pdffactory.com

Eng.& Tech. Journal ,Vol.27, No.14,2009

An Experimental Study into the Effect of

Temperature and Pressure on the
Hydraulic System

m
5t
.
R o T
VI g

. 51
(= .
. H sl =
L 7 1 -
I i"_.l = g A=l
= " ? : ala :
e I I i Loam B
T s bogebody oo y 5
o anr : ; P
: | [ 3] |"|T |"I i "-FH E] Tocd
BE - gt n ap o
iy bovw LT
o |'E'| i ’
. ..1"{.1 L r| ]|'=I| B
b ! PRE H CY w40
ant wﬁk‘- ""t",_‘ h“#ﬂ"@...’-:«' i
Hpe ]

LR I TR TR F A E I EE LA T
nern

Figure (21) Pressure and Voltage Drop
with Time at 30 bar
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Figure (22) Pressureand Voltage Drop with
Timeat 40 bar

waltEga O
Sa0cd (rpmi

-|I‘I::3 i ’
Figure (23) Voltage and Speed Variation
with Time at 20 bar
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Figure (24) Voltage and Speed Variation
with Time at 30 bar
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Figure (25) Voltage and Speed Variation
with Time at 40 bar
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Figure (26) All Pressure Dropswith
Time
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Figure (27) Voltages Drops at All Pressures
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