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Small Gas Turbine Engines

Introduction

Since an early age | have been interested in elécromdio andnany mechanical devicesf

all sorts The electronics interest has riésd in a hobby and a career andre recently a number
of events inspired my interest in the last great pnnowver of the 20th century....... the gas
turbine.

In 1986 a colleague at work gave me an old scrap diesel enginechalger, this unit |
dismantled to discover its internal vkings and investigate a complete seizaféhe rotating

parts | expect that the uhwas scraped due to this fauttaving taken the unit apart it reminded

me of lessons taken at school which explained in simple terms how a jet engine worked. Looking
at the turbo | couldn't help wondering if it could be made to work as a simple gas turbine, it
wasn't until 1993 that | proved this theory possiBlerther gas turbine inspiration came in the
form of a couple of foreign holidays traveling aboard the ubgsiBoeing 737. Upon my return

| was browsing a technical book shopLiondon;| came across a fascinating publication called
"Aircraft Gas Turbine Engine Technology" written by Erwin Treager. | had looked at aero
engine books before but had never found as practical and as comprehensive as this one. Gas
turbine books or gas turbine sections in books either seem to consihkildférdo grawings or

pages of mathematics with hardlyyapractical diagrans or illustrations The Treager title
contained aichly illustratedwealthof information, diagrams, photos aagamplesijt was like a

car workshop manual béor aircraft engines. | purchas#us book, it wasn't cheap at £40irca

1988) but well worth it, | haven't comeceoss a better title since. This booky Bfi b | etbhe wa s
primary sources of inspiration bwild, collect and operatemallgas turbine engines
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GLENCOE Aviutian Technology Series

Alrcrafi

Aircraft Gas Turbine Engine Technology written by Erwin Treager

The Treager book contained nyaiiustrations;one showed the original experimental tujeb

built by Frank Whittle "The Whittle Unit". The "WU" consisted of a huge single combustion
chamber joining a supercharger compressor to a turbine, this arrangement looked as if it could be
reproduced with my disel turbo and some sort of agldl combustion chamber.

Prototype gas trbine turbojet engine built by Frank Whittle
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The authors' "artist's impression” turbocharger -based gas turbine circa 193
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Overa few years | attemptetd add very prirntive combustion chamber system to my turioo,
1993 as my experienceand initially primitive fabricaion skills began to improvéhe design
cametogether and a wonkg stationarygas turbineengine emergé. More cetails of this
pioneering unitan be found in chapter 8.

The Treager gas turbine titontained pictures of small stationary gas turbine engines called
Auxiliary Power Units or APUsSAn APU is a kind off ADonkey
utilitarian role onboar@naircraft. An APU is normally mounted onboard an aircraft and is used

to drive electrical generators, hydraulic pumps, air compressors or the unit itself is used as an air
compressor. APUs may operate when the aircraft is standing on the ground or when it is in the
air. APUs are normally required to provide starting power for the aircraft propulsion engines if
some sort of external power supply is not availaleen on the grounthe aircraft APU often

runs for extended periods providing power for air conditioning, heat, light and of course all
aircraft systems and avionics powered. In shiorkeepthe coffee hot and theeercold!

The advantage of an APU onboard an airdsafihat it makes the plane self contaired able to
operate withouthe use ofyround supprt equipment. Most jet airlinefall into this category as

do modern jet fighter aircraft. A notable exception to this was Concorde, this now
decommissioned aircraft did not carry an APU and so retenton aground basedhormally
trailer mounted gas turbine engiffgometimes darge piston engine driven compressdo
provide it with a starting airsupply. Concorde carried only an emergency power unit (EPU)
which was of courseonly used in anairborne emergency or power failuréeSome large
helicopters also carry a small gas turbirf@lA

gasturbineworld.co.uk



Small Gas Turbines by lan F Bennett

Garrett GTCP85 Ailiary ower Unit
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An installed aircraft gas turbine auxiliary power unit

Small stationarygas turbine engines are not comm@mhen compared to their piston
counterpartsjn other application®utside ofaviation they may sometimes be found driving
groundbased generators and pumpbe ColdWar eraof t he 195 Ogspavedaan d 1 ¢
numker of small stationary angbrtable units. The arms race and military budgets were such that
during perhaps the hay day of small gas turbieeclopmenengines were produced for military

and defenseuse. After the end of theSecond World Wamany automotive manufacturers
experimeted with installing gas turbines in cars and trucks. The most famous example of this
must be the car built in the US Bhrysler;the UK based RoveaCar Companyalso built a series

of prototypes.Since then other manufacturers such as Volvo and Toyotapatsluced gas

turbine powered carrototypes.
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wuardiany of

THE NATION'S MOTORING HISTORY

Rover BRM Gas Turbine Ca

Chrysler Gas Turbine Car
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Gas turbines are sometimes used for standby power generation. Generator sets using purpose
built or aerederivative engine models can foeind in the range 50KV MW. The Austin Motor
company in the UK briefly producesd 250BHPstationary engine suitable for driving a 200KVa
generator. In the USA Solar (International Harvester or Caterpplaguced a 300BHP unit

known as a GSD orii S p a ihgke shaft stationary engine

o

Solar Spartan GS350300HP Gas Turbine
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A 30KW Micro -turbine generator unit (Capstone C30)
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A company located in the US#foday producea remarkable small gas turbine known as the
Capstone C30 micrturbine.Capstone was founded by two-&arrett engineers two develop a
small automotive gas turbine, in 1998 they began producitegiarseary 30kw machine.

Micro-turbine is the name sometimes given to small scale power generation systems and light
industrial combined heat and power (CHP ofgeneration) installations. This modern state of

the artengine consists of a small turbhager style (radial compressor and turbinejtor
running at very high speed and supported on special air bearings. The rotor directly drives a
high-speed alternatoelectronic circuitsthata r e  u s enditiort the péweroutpub a n d
convert it for convembnal consumptionConditioning the power output generally consists of
rectifying and smoothing a high frequency electrical current and then passing it to solid state
inverter equipment to turn it into a standard format power supply e.g. 240V 50Hz aigprnat
current.

The C30 unit also incorpates a heat exchanger thatisus to©y diredo t he wast e
exhaust and pass it back into the combustion process. The fitment of a heat exchanger,
sometimes e f er r e decupeoa tawmsii Ve g e m reduees ther fuel consumption of the
engine and greatly improving efficiency. The C3@roduces 30Kwand finds a number of
stationary applications, particularly in the oil and gasigtd, itmay also be found in a number

of prototype andexperimental hybrid vehicle€apstone now produce arigs of larger units up

to 200Kw in output. Other companies including TurbeElliott, Honeywel] Bowman Power
Systems, Turbogensahd IngersdlRand aso manufacturer have manufactureaiicro-turbine

units. Throughout the past two decades microturbines have experienced mixed commercial
success, a number of theocwementioned manufacturers have withdrawn their products from the
marketplace. Turbogenseis a standlone company no longer exists.

A number of new microturbine companies have emerged. MTT in Holland have developed a
medium scale CHP unit based on a small ttoharger. A promising prproduction model
appears to exist so scale productiorkia possibility. Another company Bladon Jets look to be
developing a 12Kw stationary unitas originally claimed it would power a hybrid suparas

a rangeextender development now appears to focus on the stationary Blatlon are now
manufacturingand marketinggl 2Kw machineknown as the MTG12. This unit fer use as a
low-maintenancéeld generator for the telecoms industry.
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During the 1970's gas turbim@ppeared briefly in motor racingormula One and the American
Indy carseres both madese of gas turbine power plants in cé8sveral teams including Lotus
fitted helicopter typegas turbims to race cars, the Pratt and Whitney PT6 and the General
Electric T58modelsfound applications here. The principal adwzye of using a gasirbine in
motor sport was to get around various regulations as there is no equivaleatapacity(CC)

in a gasturbine. Specifying the air intake area was one way that regulations were eventually
placed upon gas turbines which made them less competitterms of power output. There are
significantproblems with using gas turbinesnmotor sportincluding huge throttle lagno engine
breakingand high fuel consumption.

Lotus 56 Formula One gas turbine @ar
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Le Howmet TX powered by a stiltborne Continental TS325(T65)

Continental TS325
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