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Fig. 2 Schematic of hydrodynamic system in the meridian 
plan 

 
The mathematical formulation of a torque con-

verter has been developed by Ishihara and Emori Kotwicki, 
and Hrovat and Tobler [28-30]. 

The kinetic energy of the total mass of the fluid 
is: 

2

2
c

V
E AdLρ= ∫� , (1) 

where ∫� is integral for full closed fluid flow; A is merid-

ian section of the fluid flow, which is perpendicular to the 
meridian plane. 

So the variation of the kinetic energy according to 
the time is: 

2 2

2 2

1
;

2 2

1
,

2

c

c

dE d V dV
AdL AdL

dt dt dt

dE V V z
AdL

dt t z t

ρ ρ

∂ ∂ ∂
ρ

∂ ∂ ∂

⎫
= = ⎪

⎪
⎬

⎛ ⎞ ⎪= +⎜ ⎟ ⎪⎝ ⎠ ⎭

∫ ∫

∫

� �

�

 (2) 

where z is length of the average current line. 

As 
dt

dz
V =  then the relation (2) becomes: 

2
1

2

c
dE d V d z

AdL
dt d z d t

ρ= ∫�  (3) 

The absolute velocity V is expressed as follows: 

2 2 2
V U C= + ; U rω= . 

The integral Eq. (3) becomes: 

( )

( )

( )

2 2

2

1
;

2

;

,

c

c

c

d U CdE
AdL

dt d t

d rdE dC
r AdL C AdL

dt d t dt

d rdE dC
r AdL Q

dt d t dt

ρ

ω
ρ ω

ω
ρ ω Φ

⎫+
⎪=
⎪
⎪

⎛ ⎞ ⎪
= +⎜ ⎟ ⎬

⎝ ⎠ ⎪
⎪

⎛ ⎞ ⎪= +⎜ ⎟ ⎪⎝ ⎠ ⎭

∫

∫

∫

�

�

�

 (4) 

with Q Ac=  and 2
A

dL
A

Φ
⎛ ⎞

= ⎜ ⎟
⎝ ⎠
∫� ; A2 is meridian section 

of the fluid flow; C2 is meridian speed at the entering of 
turbine. 

The moment of the pump is expressed as follows: 

( )
( )

2
12

2 2

1 2 1 1 2

11

r
M AdL Q r r

t

∂ ω
ρ ρ ω ω

∂
= + −∫ . (5) 

The moment of the turbine will be: 

( )
( )

2
22

2 2

2 1 2 2 1

21

r
M AdL Q r r

t

∂ ω
ρ ρ ω ω

∂
= + −∫ . (6) 

The hydraulic power of the pump and the turbine 
will be respectively: 

( )
( )

12

2 2

1 1 2 1 1 2

11

r
P r AdL Q r r

t

∂ ω
ρω ω ω

∂

⎡ ⎤
= + −⎢ ⎥

⎣ ⎦
∫ ; (7) 

( )
( )

22

2 2

2 2 2 1 1 2

21

r
P r AdL Q r r

t

∂ ω
ρω ω ω

∂

⎡ ⎤
= − −⎢ ⎥

⎣ ⎦
∫ . (8) 

During the fluid circulation in the coupling, there 
are energy losses EL due to the frictions in the blades, and 
to the shocks during sudden change of the direction of inlet 
velocity at the pump and particularly at inlet of the turbine. 
Energy losses EL are expressed per unit of time as: 

( )( )
22 2 2

1 2 1 2 2

1

2

L
dE

Q r r LC
dt

ρ ω ω⎡ ⎤= + − +
⎣ ⎦

, (9)  

where L is total friction coefficient by full circulation. 
The equation of non-steady motion of fluid is ob-

tained by substituting the Eqs. (4), (7)-(9) in the following 
relationship: 

1 2

c L
dE dE

P P
dt dt

= + − . (10) 

It follows: 

( )( )2 2 2 2 22

2 1 1 2 2

1

2

dc
r r LC

dt
Φ ω ω⎡ ⎤= − − −⎣ ⎦ . (11) 

To obtain the motion equation of the pump, the 
inertial moment of the pump and of all rotating mechanical 
parts without the presence of oil, which is denoted 

1
J ′ . 

The fluid act on the pump with a reaction time is 
expressed by Eq. (5). 

Equation of motion of the pump: 

( )2 21

1 2 2 2 1 1 2

'

P

d
J M A c r r

dt

ω
ρ ω ω= − − . (12) 

Equation of motion of the turbine: 

( )2 22

2 2 2 2 1 1 2

'

T

d
J A c r r M

dt

ω
ρ ω ω= − − , (13) 

1
J ′  is inertia moment of the rotating parts of the pump side 

without the presence of oil; 
2

J ′  is inertia moment of the 

rotating parts of the turbine side without the presence of 
oil; 

1
ω  - angular velocity of the pump wheel; 

2
ω  is angu-

r1 

r2 

21 

11 22 

��  

��

22 

 T       P 
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lar velocity of the turbine wheel; 
P

M  is output torque on 

the pump; 
T

M  is output torque on the turbine. 

By neglecting the inertia moment of the fluid act-
ing on the pump and the turbine, we obtain: 

1 1

'

J J=  and 
2 2

'

J J= , 

where 
1

J  is inertia moment of the pump side with oil,  

2
J  is inertia moment of the turbine side with oil. 

Finally, the motion equations of the pump and the 
turbine will be respectively: 

( )2 21

1 2 2 2 1 1 2P

d
J M A c r r

dt

ω
ρ ω ω= − −  (14) 

( )2 22

2 2 2 2 1 1 2 T

d
J A c r r M

dt

ω
ρ ω ω= − −  (15) 

2.3. Resolution of the equation system 
 

The system of fundamental equations of non-
steady movement of the hydrodynamic coupling is written 
as follows: 

( )( )

( )

( )

2 2 2 2 22

2 1 1 2 2

2 21

1 2 2 2 1 1 2

2 22

2 2 2 2 1 1 2

1
;

2

;

.

P

T

dc
r r Lc

dt

d
J M A c r r

dt

d
J A c r r M

dt

Φ ω ω

ω
ρ ω ω

ω
ρ ω ω

⎧ ⎡ ⎤= − − −⎪ ⎣ ⎦
⎪
⎪

= − −⎨
⎪
⎪

= − −⎪
⎩

 (16)  

We have a system of Eq. (3) to Eq. (5) unknowns, 
namely: ω1 is angular velocity of the wheel pumps, rad / s; 
ω2 is angular velocity of the wheel turbines, rad / s;  
c2 is meridian velocity of the fluid, m / s; MP is output 
torque of the pump, daNm; MT is output torque of the tur-
bine, daNm. 

It is more practical to make the system of equa-
tions in dimensionless form. The system (16) becomes 
then: 

( )( )

( )

( )

2 2 2 2

11

2

1 1

2

2 2

1
1 ;

2

;

dx
a y z L x

dt p

dy
Q T x y a z

dt

dz
Q x y a z T .

dt

⎧ ⎡ ⎤= − − −⎪ ⎣ ⎦
⎪
⎪

= − −⎨
⎪
⎪

= − −⎪
⎩

 (17) 

2

2 0

c

x

r ω

=  is dimensionless speed; 
0

ω  is engine angular 

speed; 
1 3 2

2 2 0

P
M

T
A rρ ω

=  is dimensionless moment of the 

pump wheel; 
2 3 2

2 2 0

T
M

T
A rρ ω

=  is dimensionless moment on 

the turbine wheel, 1

1 3

2 2

J
Q

A rρ
=  is dimensionless moment 

of inertia of the pump side; 2

2 3

2 2

j
Q

A rρ
=  is dimensionless 

moment of inertia of the turbine side; 
2

p
r

Φ
=  is dimen-

sionless parameter length. 
 

 

Fig. 3 Flowchart to solving dimensionless equation system 
 
The system (17) becomes then: 

( )( )

( )

( )

2 2 2 21

11 1 11

21

1 1 1 1 1 1

11 1 11

21

2 1 2 1 1 1

11 1 11

1
1 ;

2

;  

.

i i

i i

i i

i i i i

i i

i i

i i i i

i i

x x
a y z L x

t t p

y y
T Q x y a z

t t

z z
T Q x y a z

t t

+

+

+

+ + + +

+

+

+ + + +

+

⎧ −
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⎪ −⎪
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⎪ −
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( ) ( )( )
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2 2 2 2

1 11 1 11

2

1 1 1 1

1

1 1 1 1

11 1 11

1

2 1 2 1

11 1 11

1
1 ;

2

;
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i i i i i i i

i i i i

i i
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i i

i i

i i

i i

x x t t a y z L x
p

F x y a z

y y
T Q F

t t

z z
T Q F .

t t

+ +

+ + + +

+

+ +

+

+

+ +

+
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⎪
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⎨ −
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⎪ −
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 (18) 

 

11 0
t tω=  is dimensionless time. 
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(Fig. 7): 
• initially engine is off and the turbine is blocked; 
• let in the clutch;  
• motor stopped and turbine is still blocked; 
• starting the engine and unlock the turbine. 

Mode 4. Operating steps and test conditions 
(Fig. 8): 

• engine initially on the march normal, and the tur-
bine is freed; 

• clutch, turbine is still unlocked and engine at the 
stop; 

• engine is on, the turbine is blocked and the pump 
running under normal conditions. 
 

 
Time (seconde) 

Fig. 8 Test in the starting up - modus operandi - 4 - 
 

4.2. Braking test  
 

Operating steps and test conditions (Fig. 9): 
• engine, pump, turbine during normal operation; 
• block the turbine engine and pump during normal 

operation. 
 

 
Time (seconde) 

Fig. 9 Test of braking - modus operandi- 
 
5. Analysis and discussion of results 

 
From the Figs. 5-8, the following comments and 

conclusions can be deduced: 
In the modes 1 and 3, the turbine torque MT 

evolves into 4 phases: linear increase, stabilization 
MT = constant , nearly linear decreasing and until the end 
of the operation. 

The physical interpretation of this curve profile is 
as follows: 

• during the period of blocking, MT cross from zero to 
MT1, where MT1 is the moment on the turbine wheel and 

remains fixed as long as they're blocking; 
• just after the releasing, we have noticed the diminu-

tion of MT, this is due to the absence of the resisting mo-
ment of blocking; 

• in the last phase, the effect of the moments of resist-
ing inertia decreases and thus the moment on the wheel 
turbines will be equal at the transmitted moment which 
stays stable regime; 

• for modes 2 and 4, the curve of the moment of the 
turbine wheel MT evolves in 3 phases to be known: growth 
in the presence of a peak, decreasing, stabilization. 

Even this can be explained as a result: 
• the turbine was unlocked (free), the effect of block-

ing resistance moment is zero, and in this case, the time for 
the turbine wheel to increase the value of the moment of 
inertia due to the inertia of the turbine and fluid movement, 
and later MT decreases to the normal operating period; 

• for braking, it is almost the same as the first phase 
of start-up (mode 1 and 3), but the difference lies in the 
initial values ωP, ωT, MT the physical phenomenon is al-
most the same; 

• in the normal operating regime, ωP, ωT, MT have 
fixed, just after braking (blocking the turbine) ωT decreases 
to zero value, while MT increases and stabilizes at a time 
equal to the braking torque. 
 

6. Conclusion and future work 

 

1. The developed numerical simulation model 
represents an efficient tool for analysis and evaluation of 
the dynamical behavior of hydrodynamic couplings; it can 
be used to describe the correlation between the input and 
output main parameters of hydrodynamic transmissions. 

2. Due to the increasing use of hydrodynamic 
transmissions, the present study focused on the analysis of 
unsteady behavior of hydrodynamic couplings. 

3. The numerical simulation developed in this 
study is based on the elaboration of a system of differential 
equations describing the unsteady behavior of the hydrau-
lic coupling.  

4. To resolve the system of nonlinear differential 
equations, the method of finite differences was used. 

5. The elaborated computing program allows to 
determine the evolution of speed and torque of the turbine 
as a function of time by knowing the input parameters of 
the pump or the engine. 

6. The designed test bench has allowed to carry 
out measurements of the speed and torque on the input and 
output side of the hydrodynamic coupling as a function of 
time and imposed operating modes. The experimental and 
numerical results are almost identical, proving that the test 
bench and the numerical simulation model were success-
fully realized. 

7. This test bench can be used for other experi-
mental investigations such as the vibration or thermal be-
havior of hydrodynamic couplings. 
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T. Khatir, M. Bouchetara, D. Boutchicha 

HIDRODINAMINĖS JUNGTIES EKSPLOATAVIMO 
EKSPERIMENTINĖ IR SKAITMENINĖ DINAMIKOS 
ANALIZĖ 

R e z i u m ė 

Hidrodinaminė sankaba yra sujungimo įrenginys 
veikiantis hidrodinaminės transmisijos principu. Ji funk-
cionuoja hidrodinamikos principu. Hidrodinaminė sankaba 
susideda iš siurblio (dažnai vadinamos sparnuote) ir turbi-
ną vadinamos rotoriumi, abi dalis apjungiant gaubtu. Toks 
hidrodinaminis įrenginys naudojamas perduodant sukamąjį 
judesį. Šiam sujungimui būdingos centrifūgos savybės 
paleidimo metu. Tai užtikrina variklio paleidimą be apkro-
vos, kas yra labai svarbu. Toks sujungimas naudojamas 
automobilinėse transmisijose pakeičiant mechaninę sanka-
bą. Straipsnyje aprašomas hidrodinaminių jungčių arba 
sankabų bandymo stendas, kuriame tiriamas jungiamosios 
movos nenusistovėjęs režimas. Atliktas šio reiškinio teori-
nis tyrimas pagrįstas siurblio bei turbinos ratų ir skysčio 
judėjimo lygčių sistemos sprendimu. Skaitmeninei analizei 
parašyta speciali Fortran 90 programa skirta greičių ir 
momentų nustatymui. Gauti rezultatai palyginti su ekspe-
rimentiniais ir pateikti grafikų pavidalu. 
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DYNAMICS STYDY OF THE OPERATING  
BEHAVIOR OF HYDRODYNAMIC COUPLING BY 
EXPERIMENTAL AND NUMERICAL SIMULATION 
 
S u m m a r y 
 

The hydrodynamic clutch is a device of coupling 
which works according to the principle of the hydrody-
namic transmission. Fluid couplings work on the hydrody-
namic principle. It consists of a pump-generally known as 
impeller and a turbine generally known as rotor, both en-
closed suitably in a casing. It is a hydrodynamic device 
used to transmit rotating mechanical power. The Fluid 
coupling has centrifugal characteristics during starting, 
thus enabling no load start-up of prime mover, which is of 
great importance. It has been used in automobile transmis-
sions as an alternative to a mechanical clutch. This study 

aimed at the installation of a test bench of hydrodynamic 
couplings or clutches, on which it was planned to, analyze 
the pressing problems of the coupler in its not still regime. 
One parallel in the experimental part, we made a theoreti-
cal study of these phenomena which based itself essentially 
on the resolution of a system of equations of movement of 
the wheel-pump, the wheel-turbine and the fluid. For the 
numerical simulation, a special program is written in 
FORTRAN 90 were used, we’ll find the values of charac-
teristic of speed and the moments, we compared the two 
results. They are given in the form of the curves. 
 

Keywords: clutch, hydrodynamic coupling, numerical 
simulation, coupler, wheel-pump, wheel-turbine, hydrody-
namic transmission, fluid coupling. 
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