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EARLY INVESTIGATIONS AND RESEARCH

At Chrysler Corporation, the earliest work on gas turbine engines dates back to before
World War 1ll,when an exploratory engineering survey was conducted. These studies
showed that, although the gas turbine engine had strong possibilities of being an ideal
automobile engine, neither materials nor techniques had advanced to the point where the

cost and time of intensive research would be warranted,

At the close of World War I, studies of completely new concepts in gas turbine design
were started. As a result of this work, Chrysler was awarded, in the fall of 1945, a
research and development contract by the Bureau of Aeronautics of the U. 5. Navy to
create a turboprop engine for aircraft. This program--although rerminated in 1949--
resulted in the development of a turboprop engine which achieved fuel economy ap-

proaching that of aircraft piston engines.

Chrysler research scientists and engineers then returned to their original cbjective--
the automotive gas turbine engine. In the early 1950's, experimental gas turbine power
plants were operated on dynamometers and in test vehicles. Active componentdevelop-
ment programs were carried out te improve compressors, fegener&.mrs, turbine

sections, burner controls, gears, and accessories.

Here they faced many challenges: fuel consumption had to be competitive with conven-
tional engines; components had to be small and highly efficient; noise had to be in the
tolerable range; engine braking was a necessity, and the acceleration time-lag had to
be reasonable.

In addition, readily available and non-strategic high temperature materials had to be
developed, exhaust gas temperatures had to be low, and development work had to meet
the requirements of building an engine which would be light, compact, reliable, easy to
maintain and, from the cost aspect, competitive with the conventional automobile engines.

In spite of these difficult requirements, Chrysler research engineers were convinced
that the potentialities of the automotive gas turbine engine were more than sufficient to
warrant intensive research and a full-scale design and development program.
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Today, it is obvious that the advantages of the gas turbine over the conventional engine
are, indeed, real, Some of these advantages are;

Maintenance is reduced considerably
Engine life-expectancy is much longer
Development potential is remarkable
. The number of parts is reduced 807,
Tuning-up is almost eliminated
. Low-temperature starting difficulties are eliminated
. No warm-up period is necessary
. Antifreeze is not needed
. Instant heat is available in the winter
The engine will not stall with sudden overloading
Engine operation is vibration-free
. Operates on wide variety of fuels
. 0il consumption is negligible
Engine weight is reduced

. Exhaust gases are cool and clean

































- 14 -

SPECIFICATIONS OF CHRYSLER CORPORATION'S
MODEL CR2A GAS TURBINE ENGINE

GENERAL

Type: Regenerative gas turbine

* Rated Qutput: Power - 140 bhp @ 4,570 rpm output shaft speed
Torque - 375 lb-ft @ zero rpm output shaft speed

Weight: 450 lbs

Basic Engine Dimensions (without accessories): Length - 27 inches
Width - 35 inches
Height - 27 inches

With autemotive accessories in place, the over-all length is: 36 inches

Fuels: Unleaded gasoline, diesel fuel, kerosene, JP-4, etc.

COMPONENTS
Compressor: Type - Centrifugal
Stages = One
Pressure Ratio - 4:1
Efficiency - 80%
First Stage Turbine: Type - Axial
Stages - One
Efficiency - 87%
Second Stage Turbine: Type - Axial
Stages = One
Efficiency - 84%

Regenerator: Type - Single rotating disk
Effectiveness - 90%

Burner: Type - Single can, reverse flow
Efficiency - 95%

* DESIGN POINT CHARACTERISTICS

Maximum Gas Generator Speed - 44, 600 rpm

Maximum Second Stage Turbine Speed - 45, 700 rpm
Maximum Output Speed (after reduction gears) - 5, 360 rpm
Maximum Regenerator Speed - 17 rpm

Compressor Air Flow - 2.2 |b/sec

First Stage Turbine Inlet Temperature - 1700°F

Exhaust Temperature (full power) - 500°F

* Ambient conditions: Temperature - 85°F ; Barometric Pressure - 29,92 in. Hg
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One of the key reasons for these tours and exhibits was to elicit and evaluate consumer
reactions to the turbine. The cars were shown at Plymouth and Dodge dealerships in
approximately 90 major cities in the United States and Canada.

STOPOVER POINTS ON CONSUMER REACTION TOUR

During this time hundreds of thousands of people came to see the turbine vehicles, and
public interest was intense and serious. When asked, “if this car were offered for sale
to the motoring public, do you think you would buy one?” 30 per cent of the turbine
viewers said "yes" they would definitely buy one and 34 per cent answered they would

think seriously of buying one,
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SPECIFICATIONS OF CHRYSLER CORPORATION'S
GAS TURBINE ENGINE

GENERAL

Type: Regenerative gas turbine

* Rated Output: Power - 130 bhp @ 3, 600 rpm output shaft speed
Torque - 425 lb-ft @ zero rpm output shaft speed

Weight: 410 lbs

Basic Engine Dimensions (without accessories): Length - 25 inches
Width - 25.5 inches
Height -  27.5 inches

With current accessories in place, the over-all length is: 35 inches

Fuels: Unleaded gasoline, diesel fuel, kerosene, JP-4, etc.

COMPONENTS
Compressor: Type - Centrifugal
Stages - One
Pressure Ratio - 4:1
Efficiency - 80%
First Stage Turbine: Type - Axial
Stages - OCne
Efficiency - 87%
Second Stage Turbine: Type - Axial
Stages - One
Efficiency - 84%

Regenerator: Type - Two rotating disks
Effectiveness - 909+

Burner: Type - Single can, reverse flow
Efficiency - 95%

*DESIGN POINT CHARACTERISTICS

Maximum Gas Generator Speed - 44, 600 rpm

Maximum Second Stage Turbine Speed - 45, 700 rpm
Maximum Qutput Speed (after reduction gears) - 4, 680 rpm
Maximum Regenerator Speed - 22 rpm

Compressor Air Flow - 2.2 lb/sec

First Stage Turbine Inlet Temperature - 1, 700°F

Exhaust Temperature (full power) - 525"F

Exhaust Temperature (idle) - 180°F

*Ambient conditions: Temperature - 85°F; Barometric Pressure - 29,92 in. Hg
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THE CONSUMER RESEARCH PROGRAM

The objective of the program was totest consumer and market reaction to turbine power
and to obtain service data and driver experience with the turbine cars under a wide
variety of conditions. Each selected user drove one of the cars for a period up to three
months under a no-charge agreement. The cars then were reassigned to other users
to provide a broad consumer sampling base. In total, the cars were distributed to 203
motorists on a rotating system over a two-year period, from October 29, 1963, to
October 28, 1965. The last user completed her three-month use period on January 28,
1966.

By retaining ownership of the cars, Chrysler kept in close touch with their performance
and with the service experience on the engines; also Chrysler engineers were able to
incorporate advances and modifications resulting from Chrysler's continuing research
program. A period of three months was selected because it was felt this would give
each driver ample time to try out turbine power under a variety of conditions. Limiting
each driver to this period made it possible to obtain the reactions of over 200 users in

a short space of time.

Users of the turbine-powered passenger cars were selected by the accounting firm of
Touche, Ross, Bailey, and Smart. Under the user selection procedure, Chrysler gave
the acﬁ:uunr_ing firm the date and metropolitan area location of each planned delivery,
which was geared to the turbine production schedule. Random selection of user candi-
dates for each location was then made by the accounting firm according to the selection

and distribution criteria specified by Chrysler to meet market test objectives.

The basic qualifying requirements were that a candidate must own a car (or, be a
member of a household in which a car is owned by the head of the household) and must

have a valid driver's license.

Turbine candidates were picked as follows:

1 - From Chrysler's letter inquiry file of 30,000 names. These applications were in
the form of unsolicited letters from people in hundreds of cities in all 50 states (and
15 countries). Requests ranged from that of a 12-year-old boy asking thathis father

be given a car to that of an 83-year-old retiree.
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Chrysler was’prima:ily interested in the life of engine parts and components, their
performance and reliability, the degree and nature of maintenance required, and the
amount of training desirable for service people. The program also made it possible
for engineers to field test and compare different concepts and designs. This was im-
portant because not all of the 50 wurbine engines were exactly the same. As a car was
built and put into service, it sometimes incorporated a more advanced turbine engine
component or fabrication technique that engineers wanted to test under flield conditions.

Often these more advanced parts were installed when an engine was brought in for
service.

Engineers were especially watching for problems that had not shown up in laboratory
or proving grounds tests. For example, regular inspections showed that some engines
had been subjected to temperatures much higher than normally would be allowed by the
fuel control. The fuel control itself was found to be working properly, but finally it was
noticed that some drivers by-passed the automatic starting system by shifting the gear
selector quickly before the engine had reached idle speed. The trouble was cured by
modifying the automatic starting system so that the driver could not override it.

Each engine in the 50 test cars had a combined starter-generator which had performed
well in previous testing. But during the user program it was found that the starter-
generator brushes would not standupto a combination of high altitude and low humidity.
It was concluded that until further progress occurs in brush design or materials, the
best solution is to have separate starter and alternator units.

Early igniters showed rapid electrical erosion and oxidation of the electrodes. Modifi-
cations were made to the electrodes and the flow of air that cools them to improve
igniter life to more than 20, 000 miles during the program. However, this was not con-
sidered adequate and further improvement is sought. It is hoped that redesigned
igniters will more than double this life.

The test proved-out one of the features of a turbine engine--that power loss over a
period of time is small. Moreover, it was found that the turbine engine can be brought

back to its original power rating by simply introducing cleaning compound into the
engine intake.
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The material used in compressor turbine wheels of all but three of the 50 cars was
cast CRM-6D, one of the family of high-strength, high-temperature, low-cost turbine
wheel alloys developed by Chrysler Research. Operating experience with this material
was highly satisfactory. Other versions of the CRM-6D material proved aﬂdew:e for
the variable nozzle vanes of the second stage, and for the first-stage nozzle, which is
subjected to metal temperatures in excess of 1800°F during vehicle acceleration.

In addition to these materials tests, the 50-car program was used as a means of testing
progressive design modifications and exploring various turbine wheel fabrication
techniques.

As viewed by Chrysler engineers, vehicle response and acceleration were surprisingly
good during the program--when it is considered that the engine was rated at only 130
horsepower and the car weighed about 4100 pounds. Acceleration time from 0 to 60 mph
was generally around 12 seconds with an outside temperature of 85°F, and better on
cooler days. Chrysler engineers have since improved acceleration response by means
of a faster-acting variable nozzle actuator. The nozzle blades snap into their acceler-
ation position about three times [aster.

Engine braking action of the variable nozzle also has been improved by causing the
blades to switch to their braking position faster and by making it possible for them to
go a little farther, also, without an increase in temperature that could cause damage.

Vehicle response and accelerationare related to the responsiveness of the gas generator
(first-stage turbine and compressor) which must speed up whenever additional power
is called for. (The maximum “response time’ is the time it takes the gas generator to
accelerate from idle speed to full power.) In the engines of the 50 test cars, the re-
sponse time was from 1-1/2 to 2 seconds--a substantial improvement over earlier
engines. The many miles and hours of engine operation in the program showed that
acceleration temperature could be increased without damaging the engine. This, plus
a reduction in the inertia of the gas generator rotor, resulted in eliminating another
half second inthe time it takes the gas generator to reach full speed. Thus acceleration
“lag” was diminished and performance improved.

Located all over the nation, the turbine cars were exposed to wide ranges of starting
temperatures, Some very cold areas required the use of a 24-volt battery system, as
a temporary expedient. Since then, the accessory load and bearing losses in the gas
























