University of Bath

PHD

A theoretical model for the design and performance prediction of hydrokinetic units.

Patel, Ashvin

Award date:
1981

Awarding institution:
University of Bath

Link to publication

Alternative formats
If you require this document in an alternative format, please contact:
openaccess@bath.ac.uk

General rights
Copyright and moral rights for the publications made accessible in the public portal are retained by the authors and/or other copyright owners
and it is a condition of accessing publications that users recognise and abide by the legal requirements associated with these rights.

» Users may download and print one copy of any publication from the public portal for the purpose of private study or research.
« You may not further distribute the material or use it for any profit-making activity or commercial gain
« You may freely distribute the URL identifying the publication in the public portal ?

Take down policy

If you believe that this document breaches copyright please contact us providing details, and we will remove access to the work immediately
and investigate your claim.

Download date: 07. Dec. 2021


https://researchportal.bath.ac.uk/en/studentthesis/a-theoretical-model-for-the-design-and-performance-prediction-of-hydrokinetic-units(d3838196-d534-409b-8123-9ce4f71138e8).html

A THEORETICAL MODEL FOR THE DESIGN AND PERFORMANCE PREDICTION

OF HYDROKINETIC UNITS

Submitted by
Ashvin Patel, B.Sc. (Hons)

for the degree of Ph.D. of the University of Bath 1981.

Copyright

Attention is drawn to the fact that copyright of this thesis
rests with its author. This copy of the thesis has been
supplied on the condition that anyone who consults it is
understood to recognise that its copyright rests with its
author and that no quotation from the thesis and no
information derived from it may be published without the prior

written consent of the author.

This thesis may be made available for consultation within the
University library and may be photocopied or lent to other

libraries for the purpose of consultation.



ProQuest Number: U321654

All rights reserved

INFORMATION TO ALL USERS
The quality of this reproduction is dependent upon the quality of the copy submitted.

In the unlikely event that the author did not send a complete manuscript
and there are missing pages, these will be noted. Also, if material had to be removed,
a note will indicate the deletion.

Pro(Quest.
/ \

ProQuest U321654
Published by ProQuest LLC(2015). Copyright of the Dissertation is held by the Author.

All rights reserved.
This work is protected against unauthorized copying under Title 17, United States Code.
Microform Edition © ProQuest LLC.

ProQuest LLC
789 East Eisenhower Parkway
P.O. Box 1346
Ann Arbor, Ml 48106-1346



?2&!1% #@ I #A

15 /01



SUMMARY

The aim of this investigation was to develop computer-aided
performance prediction and design procedures for all types of
hydrokinetic transmission units. The types of fluid transmissions
considered were Fluid Couplings, Three Element Torque Converters and

Multi-Element Torque Converters.

Two types of analyses were used to investigate these units, The
Forced Vortex Theory and The Single Mean Streamline Theory. In
both cases the energy dissipated in the flow path was considered to
be composed of incidence or shock losses, friction losses and

secondary circulation or bend losses.

Initially, the Single Mean Streamline Theory was developed for the
design of Fluid Couplings and Three Element Torque Converters.

The procedure was assessed by comparisons with existing designs and
then developed into a generalised computer program procedure for
the design of Multi-Element Torque Converters. A computerl
procedure for the performance prediction of Multi-Element Torque

Converters was developed in a similar way.

To supplement the theoretical work, a rig to visualise flow

behaviour inside a Three Element Torque Converter was built.
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CHAPTER 1 - INTRODUCTION

This project is concerned with the development of analytical design.
procedures for different types of hydrokinetic devices such as fluid
couplings and torque converters. The aim has been to produce a
complete design procedure for any specified hydrokinetic device by
the application of the classic dynamic incompressible fluid

equations of continuity, momentum and energy.

The different types of hydrokinetic units are characterised by the
arrangement of their components, pump, turbine and stator. The
simplest hydrokinetic device consists of a hydraulic pump and

turbine closely coupled without any mechanical link; so that the

fluid flows in a closed circuit. As the pump rotates, the power
transferred from the pump to the fluid gives a fluid flow having

two separate motions. One is a rotary flow in the direction of the
pump rotation and the other is a vortex flow between the members of
the device. This is caused by the difference of the centrifugal force
produced in each member, namely the pump and the turbine. 7 Initially,
the turbine is stationary and therefore there is a centrifugal force
acting on the fluid. Consequently, the fluid in the pump under the
influence of centrifugal force enters the turbine and forces the fluid
through the turbine back to the inlet of the pump. Thus a

circulation is set up and is continuous as long as there is a difference
between the speed of the pump and the turbine since both have the same
outer dimensions. As the pﬁgp épeed increases the vortex flow
gradually decreases due to the counter pumbing action of the turbine.
The degree of vortex flow is dependent upon the slip; when the speed
of the turbine becomes equal to the pump, (which never occurs in
practice), the vortex flow ceases and the whole of the fluid will flow
in a rotary path as a solid body. These simple units, known as fluid
couplings, are capable of transmitting torque but not capable of

providing an output torque in excess of the input torque.

Torque converters include a stationary member in order to develop
torque multiplication. The stator, which is usually positioned after

the turbine, provides a torque reaction, in order to achieve this torque



multiplication, by redirecting the flow prior to entry into the pump.
Under certain operating conditions the torgque on the stator becomes
zero and then negative; this leads to an undesirable condition
where the output torque is less than the input torque. In order

to prevent this, the stator is usually arranged on a sprag set so
that when the reaction torque becomes negative the stator rotates
freely. The point at which this rotation commences is referred to
as the coupling point, that is the unit ceases to provide any

torque multiplication and operates simply as a fluid coupling.

To obtain torque multiplication greater than that possible from a
three element torque converter a multi stage unit is often used.
The multi stage torque converter is a modification of the three
element unit by including extra turbine and/or stator elements in
the system. The hydrodynamic torque multiplication is usually
combined with mechanical torque multiplication through planetary
gear sets and therefore large overall torque multiplications and
improved efficiencies, which are not possible in a pure hydro-

N . e
dynamic torgue converter, can be achieved.

Hydrokinetic devices are widely used in transmission systems of many
road vehicles, cranes, lifts, trucks, earth moving vehicles,

military vehicles, etc. The advantages of these devices are :-

i) Complete smoothness during speed. ratio changes.

ii) Compared to the geared system of providing speed ratio
changes, the device is simple, completely automatic and

reliable,

iii) If the unit is driven directly by the engine, other
driveline components are subsequently free of effects
of engine torsional disturbances. This eliminates the

need of torsional dampers or isolators.

iv) Shock effects (due to the cushion of oil) on driveline
components resulting from abrupt changes in resistance to
vehicle motion, wheel rotation, and transmission gear

ratio are greatly reduced.



v) Combination of reduced torsional and shock loads result

in longer 1ife for all functional components of the

vehicle.

vi) Full torque is developed only at full speed therefore

easing starting load on an engine or motor.



1.1 Historical Survey

The first hydrokinetic device was built by Professor F8ttinger in
1908 (1) and was used for reducing speed for high horsepower steam
turbines for ship propulsion. Interest in hydéokinetic devices
became serious in the 1930's, largely in America, and by 1938 their
use had been initiated in city buses. During the second world
war considerable effort was applied to their development and a
number of applications to heavy military vehicles results.
Following the war, development of the units was undertaken
extensively for application to road vehicles, the prime objective
was to obtain a simple to make unit resulting in iow cost.
Evidence of the success of this work is shown by the millions of
units built since 1950 with application to passenger cars, heavy
commercial vehicles, military vehicles, cranes, lift trucks,

track-~laying tractors, highway rollers, etc.

Also during this period and particularly since the early 1950's,
the technology required for the design of radial flow compregssors,
pumps and turbines had been developed using detailed fluid
dynamic analyses, culminating in extensive computer-aided design
procedures. Considering that fhe torque converter is essentially
a combination of hydraulic pumps and turbines it is somewhat
surprising that the developments in turbomachinery technology have
not been extended and applied to the design andanalysis of fluid
couplings and torque converéérs.* Although most of the work on
torque converters has been carried out in "the United States,
recently Europe has shown an increasingly greater interest in
converter usage in various types of applications and it can be

expected that torque converter technology will expand accordingly.

The célculation of performance maps of fully filled fluid couplings
has been carried out by a number of authors. The first attempt to
calculate the torque converter characteristics was given by
Eksergian (2) who considered a single effective flow path and
applied fundamental fluid mechanic equations to obtain the
hydraulic power losses. For compatibility he assumed that the

fluid was subjected to friction and turbulent losses which are



characterised by enterance shock losses between blade systems and
friction losses in the blades themselves. The shock losses were
taken as proportional to the square of the change in tangential
velocity from the exit of one element to the inlet of the next, and
the friction losses were assumed to be the square of the relative
exit velocity multiplied by a loss coefficient of 0.2. Subsequent
authors followed the same assumption as Eksergian, that is the fluid
circulating within the closed circuit has a uniform velocity profile,
fig. 1.1(a) with perhaps slight modifications in the loss equations.
Qualman and Egbert (3) for example gave the circulation loss similar
to the friction loss of a fluid flowing through a pipe or channel.
This loss was considered to be proportional to the‘square of the fluid
velocity in the axial plang multiplied by a flow loss coefficient
which varied with the speed ratio. Until recently most authors
followed the theoretical procedure of Qualman and Egbert but the work
of Sivalingam (4) should revolutionise the analytical methods for
hydrokinetic units. He has developed theoretical procedures based
upon a distributed forced vortex, see fig. 1.1(b) to give

predicted performance characteristics of fluid couplings (with
straight blades, core-ring, angles other than zero baffle plates and

partial filling) and three element torque converters, see section 1.2,

While theoretical procedures to give performance maps exist, analytical
methods for the detailed design of a hydrokinetic device have not yet
been published. Torque converter design is based largely on the use
of dimensional analysis, to ﬁuild‘similar units to one of known
satisfactory performance, see ref Jandasek "(5) and Self Changing Gears (6).
The most comprehensive presentation of torque converter design is that
by Jandasek who gives an extensive collection of data defining the
relationship between blade angles, stall torques, capacity and
efficiency. This data has been derived from development testing
performed on a number of converter sizes over a 15 year pefiod.

Lucas and Rayner (7) give a mathematical analysis of the three

element hydrokinetic torque converter and a procedure for its design.
They prepared a digital computer program to give performance curves of
a torque converter. The input design parameters, i.e. the torque
converter geometry, were specified and by altering a particular design

parameter the calculations were repeated to give different performance



characteristics. This does not constitute a design procedure but
a theoretical performance prediction procedure of a torque

converter of known geometry.

The first torque converter to appear in a passenger car that
incorporated more than one turbine was a four element unit having

an impeller, two turbines connected together as one member and a
reactor. Since then many types of multi element units have been
produced but very little published information is available. The

only one of note is by Walker (8) who gives performance characteristics
of various multi element units, some of which have external planetary
gear sets to give mechanical torque multiplication as well as

hydraulic torque multiplication. The types of gear systems associated

with torque converters are given in greater detail by Waclawek (9).



1.2 Previous work at the University of Bath

Complete performance prediction procedures for fluid couplings and
torque converters have been developed by Sivalingam (4). The
technique used was referred to as the Forced Vortex Theory. This
procedure assumed that the fluid circulating within the closed
circuit had a distributed velocity profile which increased linearly
from zero at the mean radius, fig. 1l.1b. The theory was based on
the application of the classic dynamic equations of continuity,
moment of momentum and energy to a single streamtube and then
integrating over the limits of the device concerned. The loss

mechanisms considered in the flow path were :

i) The incidence loss created due to the discontinuities in

the flow direction at the inlet of each member

ii) A secondary flow loss similar to that generated in a

simple pipe bend

iii) A skin friction loss produced by the viscous shear effect
of the working fluid within the members of the device
Sivalingam's approach differed from those described in the earlier
literature through the assumption that the circulating motion was
a forced vortex, and by presenting a more thorough description of

the loss mechanisms.

The theoretically predictedsperformances were compared with
simpler theoretical proceduresg aQailab1e>in the literature and
experimental results available from indusfry. In general
Sivalingam obtained good agreement between theoretical and
‘experimental results and showed that the forced vortex theory was

an improvement on earlier theories.

By specifying the hydrokinetic unit geometry in a non-dimensional
form the performance characteristics were predicted in the form of
non—-dimensional torque T1/p wp2 Ros and non-dimensional power

P/p mp3 R,° as a function of slip or speed ratio. The predicted
performance characteristics of various commercial units are shown
in figs. 1.2 to 1.7 and if required the conventional dimensional

output data can readily be obtained for a series of input speeds



by specifying the outer radius of the converter and the density of
the working fluid.



1.3 Background and aim of the present work

The work in the University of Bath on hydrokinetic units is part of
a wider investigation into complete engine transmission systems.
Previous work on the hydrokinetic units was largely confined to
theoretical formulations for the various types of devices and the
matching of these devices with the engine and transmission system.
No experimental work was carried out, but the computer programs were
carefully checked against experimental performance curves for a

variety of commercial units.

With very little published information available on the design of
hydrokinetic units, it was decided to expand the ofiginal work with
specific emphasis on torque converters. It was proposed to apply
the procedures developed by Sivalingam (4) to existing designs of
couplings and torque converters to study the effect of geometric

parameters and fluid properties on the predicted performance.

Due to the lack of detailed experimental data for the validation

of the theory, it was decided to construct a transparent tof&ue
converter so that the details of the internal flow conditions could
be studied. The measurements of the fluid circulation velocity and
the incidence angles will provide essential information for the
assessment of the empirical loss models used in the prediction

procedures.

The central emphasis of the proposed program of study was, however,
the development of a design procedure for three element torque
converters with a view to generalisation to multi element units.
The design procedure to be essentially a one-dimensional fluid
dynamic analysis to predict the element blade angles and overall

dimensions.
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