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Abstract 
  
The hydraulic torque converter is a key interface device between engine and transmission and it amplifies the torque 
based on vehicle performance demand. It provides and gets the fluid angular momentum to transmit torque while 
effectively protecting engine and extending the service life of internal components. On the other side, it has 
drawbacks in efficiencies. Its maximum efficiency is lower approximately around 80% to 90% compared with gear 
transmission. This directly impacts the fuel consumption and vehicle performance. The main goal of this study is to 
design with higher efficiency (88~89%) and optimum K-Factor hydraulic torque converter as per engineering target 
by using in-house developed computer aided design methodology combined with CFD engineering. The targeted 
torque ratio, efficiency and K-Factor are 2.87~2.95, 88~89% and 8.05~8.10 (Rad/Sec)/(N-m0.5) respectively. The 
targeted overall torque converter performance characteristics were arrived by using this design methodology and the 
results of in-house developed torque converter performance analysis program and CFD simulation are correlated 
with experimental test data.  This paper provided the computer aided design methodology of hydraulic torque 
converter and useful information for variable parameters involved in torque converter design. 
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1. Introduction 
 

1 During the past, the hydraulic torque converter has 
been explained in a number of articles that have 
delimited the concepts, mathematical formulation, and 
laboratory measurements on various details of its 
function. How-ever, since more variants are concerned 
in the torque converter design, it is very challenging to 
achieve an optimized design. Nevertheless there is no 
practical method available to design new converters. 
Therefore this work will propose a useful computer 
aided design methodology that can be implemented in 
a computer program to design torque converters with 
an optimized efficiency for a given stall torque ratio 
combined with CFD techniques. This approach 
qualitatively satisfies design requirements in terms of 
converter size, stall torque ratio, Efficiency and K-
Factor. The key aim of the current work is to develop a 
new in-house developed torque converter design and 
vehicle performance program that can efficiently 
predict the torque converter performance and complex 
flow field characteristics of proposed torque converter 
were examined by CFD engineering STAR-CCM+ code. 
CFD simulation is performed with various design 
methodology and operational factors which is difficult 
to obtain by detail experiments. The torque converter 
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BEMLTC-38 used in this paper has designed by BEML 
which was engineered in crawler type dozer with 
165HP power rating. The specification of torque 
converter is single stage, three elements and single 
phase.  The operating fluid is C4-SAE30 whose density 
(ρ) is 832 kg/m3 and the dynamic viscosity (v) is 
0.0088 Pa.s at 100°C. All CFD simulations and 
calculations have performed at a constant temperature 
of fluid.  

 
2. Computer aided design methodology: hydraulic 
torque converter 
 
Computer aided design methodology of torque 
converter was developed with different stages that 
having the capability to produce optimized torque 
converter design combined with CFD simulation using 
STAR-CCM+ software for internal fluid flow field and 
performance characteristics investigation.  
 In-house developed vehicle performance analysis 
program provides stall characteristics as per design 
specification. With the help of torque converter 
performance analysis program, performance 
characteristics data predicted with optimum blade 
angles and design path radii (Impeller, Turbine and 
Stator) with satisfying the stall characteristics. The 
overall fluid flow envelope is modeled and the 
combination of the mesh block applied by using 
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arbitrary interface method with explicit moving 
reference frame (MRF) option in STAR-CCM+ and it 
solves the incompressible RANS equations on the 
entire flow domain using the realizable k-Ԑ turbulence 
model. This CFD engineering proposes the unique 
analysis procedure, taking the investigation of blade 
geometry by fluid flow analysis. The torque converter 
elements that are used in crawler dozers are 
manufactured by aluminum casting. Computer assisted 
blade profile inspection introduced for ensuring the 
complex blade shapes. Dyno-test arrangement with 
data acquisition systems established for design 
validation.  
 
3. Vehicle performance and torque converter 
performance analysis program 
 
3.1 Vehicle Performance Analysis Program: 
 
The engine and hydraulic torque converter matching is 
very much essential to improve the vehicle 
performance by proper torque converter selection. It is 
also crucial for fuel consumption of vehicle. Based on 
the investigating the numerical computing procedure 
of matching between these units, an in-house computer 
aided vehicle performance program was developed 
with graphical user interface. This program flow 
structure is shown in figure 1.  
 

 
 

Fig. 1 Process Flow Chart for Vehicle Performance 
Analysis 

 
This program is an effective tool to match the engine 
and hydraulic torque converter for analyzing the 
vehicle power performance in short time span. It is 
compiled for matching calculation, plotting and 
analyzing automatically to predict the vehicle 
performance and its results are shown by data and 
curves. It is subsequently used to finalize the torque 
converter performance characteristics for optimized 

torque converter design. The major characteristics 
parameters inputting interface for the above is Engine 
data, Transmission data, Torque converter data and 
Vehicle data. The input graphical user interface 
window is shown in figure 2.   
 

 
 

Fig. 2 Input Graphical User Interface Menu for Vehicle 
Performance Analysis Program 

 
The 165 HP crawler Dozer has considered for this 
study. The Dozer power train system consist of 165 net 
horse power engine, three forward / three reverse 
transmission, Final drive and Hydraulic torque 
converter which are the influencing units for vehicle 
performance. Transmission and Final drive contains 
fixed gear reduction ratio. In view of the above, design 
of variable reduction ratio hydraulic torque converter 
is very much essential for finalizing the vehicle 
performance as per the design requirement. The 
expected torque converter absorption characteristics 
curves with engine performance curve are shown in 
figure 3. 
 

 
 

Fig. 3 Expected Torque Converter Absorption 
Characteristics Curves with Engine Performance Curve 
 

Based on this program results, the required stall 
characteristics were arrived for finalizing the torque 
converter design in-terms of blade angles (Entry and 
Exit) and blade radii (Entry and Exit) of Impeller, 
Turbine and Stator. The proposed torque ratio, 
efficiency and K-Factor from the above program are 
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2.87~2.95, 88~89% and 8.05~8.10 (Rad/Sec)/(N-
m0.5) respectively. 
 
3.2 Torque Converter Performance Analysis Program: 
 
The torque converter design has been improvised 
through computer assisted performance analysis. This 
computer aided torque converter performance analysis 
program formulated based on one dimensional 
performance analysis with a forced vortex method. It 
analyses a three element type torque converter that is 
one comprising an impeller or pump element attached 
to the input member, a turbine element attached to the 
output shaft, and a reaction member (Stator). The 
reaction member is considered to be fixed between the 
stall condition and the coupling point at which the 
torque reaction falls to zero. Furthermore, it is 
assumed that steady state operation exists throughout 
and that the cross-sectional area normal to the 
meridian direction is constant around the torque 
converter, thereby providing constant meridian 
component of fluid velocity. A program for torque 
converter performance analysis was developed in 
windows environment as shown in fig. 4.  
 

 
 

Fig. 4 Input Graphical User Interface Menu for Torque 
Converter Performance Analysis Program 

 
The torque converter performance parameters are 
defined as follows, 
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√   
                (3) 

Efficiency (𝛈) = (Tr x Sr) x100%          (4) 
 

Where Ni and Nt are Impeller speed and Turbine speed 
in RPM, and Tt and Ti are Turbine torque and Impeller 
torque in N-m. 
 
Blade gap, blade profile and torus shape are the key 
geometrical parameters have considered for blade 
design. A detailed mathematical model used to 
integrate the losses and the change in momentums 

from core to shell. The effect of varying blade angles 
from core to shell also considered in the mathematical 
model. By using computer aided torque converter 
Design Program, the variable parameters were arrived 
for attaining the vehicle performance as per the 
requirement and based on torque converter power 
absorption characteristics the final Torque Converter 
Performance Characteristic curves are showed in 
figure 5. The Torque Converter Performance 
Characteristic curves explained the relationship 
between the speed ratio against KFACTOR, Torque 
Ratio and efficiency during various operating range in 
torque converter mode and coupling point. 
 

 
 

Fig. 5 Torque Converter Performance Characteristic 
curves  

 
At stall condition, stall torque ratio 2.91 and KFACTOR 
8.05 (Rad/Sec)/(N-m0.5) finalized and maximum 
efficiency around 88 to 88.5% at 0.72 to 0.76 speed 
ratio achieved by using torque converter design 
program. . Then design validation process was verified 
by fluid flow simulation and experimental testing. 
 
4. CFD Engineering 
 

4.1. Pre-Processing Stage 
 
The CFD analysis is an effective tool to study the 
performance characteristics and flow pattern within 
the torque converter. The BEMLTC-38 torque 
converter analytical model creating procedure is 
shown in figure 7.  

 
 

Fig. 6 (a, b, c, d &e): Procedure for Creating an 
Analytical Model 
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The virtual model of the hydraulic torque converter 
involves the torque converter assembly model and the 
circulating three dimensional fluid flow models. The 
three dimensional model generated using Autodesk 
Inventor/Pro-E (Fig.6 (a)). Utilizing 3D-CAD model 
software, blade surface contour and the internal 
surface contour of shell and core have extracted from a 
torque converter model in Pro-E to configure a fluid 
flow passage shape. In this way, a fluid flow model that 
is interrelated with the torque converter model was 
created (Fig.6(b)). By enabling Moving Reference 
Frame (MRF) in STAR-CCM+, the fluid flow model was 
divided in to various regions based on torque 
converter elements (Fig6(c)). Surface and volume 
mesh was generated using   STAR CCM+ CFD tool (Fig.6 
(d) and 1(e)). The flow has discretised in a finite 
volume mesh to carry out the numerical calculation. 
For fluid flow simulation, convergence properties and 
the result of analysis (analytical accuracy) greatly 
influenced by the shape of created mesh. Mesh size has 
made uniform as possible to prevent an analytical 
accuracy from dropping. Concerning the blade surface, 
that requires high accuracy; fine mesh was created 
along blade shape to create appropriate mesh. The 
surface quality of the mesh has ensured using surface 
checking options in STAR-CCM+ software.  The torque 
converter flow calculation CFD model made with 
approximately One million polyhedral mesh elements 
for fluid flow fields analysis. The coarse mesh may 
cause higher numerical dissipation and lead to the over 
prediction of flow losses. So mesh sensitivity 
evaluation performed effectively for better numerical 
accuracy. 
 
4.2. Flow Solving stage 
 
Blade surface, shell and core surface are the three 
different boundary surfaces in fluid flow path. The 
surfaces of the shell and core in fluid flow path are non-
deformable solid wall, so the surface boundary 
conditions are non-slip wall conditions. Meanwhile 
ignored the influence of surface roughness, these solid 
walls are hydraulic smooth, its roughness will not 
affect the flow condition in internal flow field. 
Numerical settings in the internal flow field are the 
space in flow passage is full of fluid. The impeller 
velocity remains the same in calculating process, 
Ni=1000 RPM; the turbine speed changes with the 
different speed ratio. The stator speed remains zero at 
different speed ratio until coupling point reaches. CFD 
simulation carried out from stall to 0.9 speed ratio. 
Boundary condition at stall is shown in figure 7. 

 

 
 

Fig. 7 Boundary Condition at Stall 

Three dimensional, liquid (C4 SAE30 oil), steady state, 
In-compressible fluid flow, turbulence model (RANS: 
realizable k-Ԑ turbulence model) are enabled for fluid 
flow simulation. When the residual error on control 
equation is in between 10-2 to 10-4, the results 
converge. In this study, entire flow region was modeled 
and the coupling of the mesh blocks was applied by 
using the arbitrary interface technique in STAR-CCM+ 
to each element for a steady state analysis. Therefore, 
the relative locations of blades in the present 
simulation by using this technique are not sensitive to 
the computational results. As the overall performance 
of a torque converter strongly depends on the average 
torque acting on elements blades.   
 
4.3. Residual and Torque Monitoring Plots 

 
The residual and torque monitoring plots are one of 
the most fundamental measures of the solution's 
convergence, as it directly quantifies the error in the 
solution of the system equations.  Torque converter 
elements torque detail is plotted in figure 8. 
 

 
a).Pump Torque                   (b). Turbine Torque                            

 
                               (c). Stator Torque 

 
Fig. 8 Torque Monitoring Plots 

 
In a CFD simulation analysis, the residual measures the 
local imbalance of a conserved variable in each control 
volume. Similarly torque at different speed ratios (i=0 
to 0.9) were monitored for verifying the local 
imbalance of a conserved variable in each control 
volume. Meshing and boundary conditions were more 
accurate for the above converged solution. The overall 
imbalance is less than 0.1% of all variables. 

 
4.4. Post Processing Stage 
 
The post processing stage refers to further analysis on 
the numerical calculation result, by which the deep 
understanding on the flow field in hydraulic torque 
converter. Getting the overall performance of a torque 
converter is the most important step in the post 
processing, in which the torque computation is the key 
point. 
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4.5. Flow Field Numerical Analysis 
 
To get the flow field characteristics in the torque 
converter, the velocity and pressure field of different 
operating conditions in the inlet and outlet of all the 
elements analyzed. Figure 9 & 10 are the velocity and 
pressure distribution in the entry and exit portion of 
the torque converter.  
 

 

 
 

Fig.9 Velocity distribution plot 
 

 

 
 

Fig. 10 pressure distribution plot 

 
Due to the stator static, the flow direction of the 
impeller at the entry changes very little under different 
conditions. The velocity magnitude is peak at exit angle 
portion of impeller and entry angle portion of turbine. 
Flow occurs at different speed ratio conditions with the 
help of impeller and turbine rotation by using 
centrifugal force. Flow also redirected from stator exit 
portion to impeller suction side for carry over the 
momentum   in-terms of torque and speed variation. 
The velocity in the pressure surface is very nominal 
and high in the entry surface. The velocity decreases 
gradually from core to shell surface. As the speed ratio 
increases, the flow of torque converter decreases and 

the velocity component of vertical flow decreases, so 
the velocity in the inlet surface under high speed ratio 
operating condition should be less than low speed ratio 
operating conditions. Pressure distribution in the entry 
surface of impeller is almost same, where is 
proportional distribution along the radial direction 
from core portion to shell portion and the pressure 
gradually increases. Pressure is high in the pressure 
surface area and low in the suction surface area. The 
severe non-uniform flow angle distribution causes high 
flow losses in pump passage. To overcome that, almost 
uniform flow angle distribution made to reduce the 
flow loss and also vortex at stator exit is largely 
eliminated to reduce the flow losses. The clearance 
between the blades (i.e. Impeller exit to Turbine entry, 
Turbine exit to stator entry and stator exit to Impeller 
entry portion) are optimized to reduce the flow losses 
between the torque converter elements. The 
performance characteristics attained by using CFD is 
qualitatively compared with dyno-test data. The 
performance characteristics and internal flow field 
analysis of torque converter computed with CFD STAR-
CCM+ software, which is difficult by experimental and 
theoretical methods. 
 
5. Experimental Testing 
 
Laboratory experiments have been an important factor 
in the development of the hydraulic torque converters 
using today. The entire dynamometer load testing 
work was done at BEML Power line lab. Hydraulic 
torque converter performance test is usually obtained 
by means of a typical dynamometer arrangement using 
one prime mover 500 HP DC variable motor with 
D1900-2e water dynamometer. The hydraulic torque 
converter BEMLTC-38 is placed in a suitable fixture. 
The testing arrangement is shown in figure 11.  
 

 
 

Fig. 11 Hydraulic Torque Converter Performance Test 
Arrangements 

 
Torque and speed data is recorded using specified 
SAE30 oil under controlled conditions of temperature 
and pressure. Motor input torque is kept constant 
while output speed is varied from stall to 0.9 speed 
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ratio (speed ratio means ratio between Turbine speed 
to impeller speed). The overall influence of design 
variations in both hydraulic and mechanical such as 
blade angles, blade shapes, torus shape, and leakage 
loss can be evaluated effectively by using this 
performance test. The measured parameters, required 
instruments for measurements and its ranges used 
during testing are mentioned in table 1.  
 

Table 1: List of Instruments Used During Testing 

 
Measured 
Parameter 

Instruments 
Model / Type Range 

Input Torque Torque Transducer 0 ~ 2 KNm 
Input Speed HBM Make 10000 RPM 

Output Torque Renk system 5 KNm 
Output Speed Renk System 10000 RPM 

Cooler Inlet and 
Outlet Temperature 

Digital Thermo Couple 
PT100 Temperature 

Sensor 
0 ~ 150°C 

Main Oil Pressure , 
Torque Converter 

Inlet and Outlet 
Pressure 

Pressure Gauge 0 ~ 50 Bar 

Torque Converter 
Inlet and Outlet 

Flow 
Turbine Flow Meter 15~200 LPM 

 
6. Overall Performance Analysis 
 
The aimed torque ratio, efficiency and K-Factor are 
2.87~2.95, 88~89% and 8.05~8.10 (Rad/Sec)/(N-
m0.5) respectively achieved as per the design 
specification. The comparative results of the above by 
numerical, program and experimental test are shown 
in figure12.  
 

 
 

Fig. 12 Comparison of Numerical, Program and 
Dynamometer test results 

 
The targeted overall torque converter performance 
characteristics are exactly attained by using this 
computer design methodology.  
 
 

The results of this in-house developed torque 
converter performance analysis program and CFD 
simulation are qualitatively coincided with 
experimental test data.     
 
Conclusion 
 
A practical computer aided design methodology of 
hydraulic torque converter combined with CFD 
engineering was described and discussed including the 
evaluation. The proposed design methodology tested 
for BEMLTC-38 torque converter and results look very 
promising. Use of this procedure provides the 
opportunity for more design iterations in short time 
span and at greatly reduced cost as compared to 
traditional development methods and also able to 
reduce the lead time to market for a new torque 
converter.  
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