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Introduction

Reverend Dr. Robert Stirling (1790-1878)
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Introduction

Source: www.keveney.com




Introduction

Classification of Stirling Engines

oL configuration—This type of configuration features
two pistons, each 1in its own cylinder.

B configuration—This type of configuration has a
piston and a displacer in the same cylinder.

Y configuration—This type of contfiguration has a
piston and a displacer, each in its own cylinder.
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o configuration: two pistons, each in its own cylinder

it

Cepyright 2000, Kevenees.cam

Source: www.keveney.com
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B configuration: a piston and a displacer in the same
cylinder

Source: www.keveney.com
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Y configuration: a piston and a displacet, each in its own

Gamma Configuration
of Stirling Engine
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Source: www.grc.nasa.gov
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Y type (1)
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Introduction

‘ T-swing arm

Y type (0)
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Introduction

‘ Free-Piston Stirling Engines

Source: www.grc.nasa.gov

B type
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Advantages ot Stirling Machines

High thermal etficiency
A vartety of external heat sources

L.ow 1n emissions

Quiet
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(a) Carnot cycle (b) Stirling cycle

Source: Y.A. Cengel & M.A. Boles, Thermodynamics-An Engineering Approach, 4% Ed.




Stirling Engines
in History

Hot-Air Engine (Robert Stirling, 1816)
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in History

Ericsson and His Pumping Engines
(5-, 6-, 8-, and 10-inch, during 1870-1905)




BALDWIN LOCOMOTIVE WORKS
George Burnham Samuel M. Vauclain
Willlam L. Austin John H. Converse
Willlam P. Henszey Alba B. Johnson

George Burnham, Jr.

PHILADELPHIA, PA., July 3, 1889

GENTLEMEN: I have used for

Ericsson slx or seven years, both for my

own house and for other houses

built by me, the Ericsson Hot-ailr Pumping-

engines of your build. They have given me

entire satisfaction, and 1 take pleasure in re-

commending them as the most convenient,

serviceable, and economical pumping-engines
for domestic use.

Very truly yours,
JoHN H. CONVERSE.

The Same Engine After a Service of
Twenty Years

PHILADELPHIA, PaA., Feb. 11, 1904,
GENTLEMEN: | have used the Ericsson Hot-
alr Pumping-engines in several of my houses
and have one In use at this time for supplying
water to my own resldence at Rosemont.
The engine has always given satisfaction, and
after an experience of twenty years I am able
to commend it as effective and reliable.

Stirling Engines

HE FOLLOWING letters were written by our customers
after having used the engines for the time men-
tioned in their letters.
from thousands of similar letters:

These were taken at random

ed anything llke so much water with as little
expense or with as much satlsfaction to owner
and operator. An ordinarily intelligent man
can use it, and there is no possible danger
from it. I most heartily recommend the
Rider as the most satisfactory engine and
motor I know of. Yours truly,

W. W. Cocks.

SAUGATUCK, CONN., March 24, 1883.

In reply to your inquiry as to

8-Inch  ,,,y Rider Engine, I can say it

Rider has been in use four years, and

the cost of repair in that time has been about

$10. SofaraslI can judge, it is very economi-

cal of fuel and very easily handled, my coach-
man always operating it.

Yours truly,
S. M. BURNHAM.

LATER
SAauGATUCK, CONN., February 10, 1904.

GENTLEMEN: Your engine is admirable,
although In use almost twenty-five years. 1
am glad to commend so good a servant.

Yours truly,
S. M. BURNHAM.

2101 Chestnut Street
PHILADELPHIA, PA., April 7,1903

in History
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in History

The Ericsson
(2200 ton, 4 hot-air engines, 14 ft piston diameter)




Stirling Engines
in History

Rider Water-Pumping Engine (A.K. Rider, 1876)

DESCRIPTION
A. Compression-cylinder
B. Power-cylinder
C. Compression-piston
D. Power-piston
E. Cooler
F. Heater
G. Telescope
H. Regenerator
1. Cranks
77. Connecting-Rods

XK. Piston-packings (leather)

The Rider Engine

DESCRIPTION

L. Check-valve, placed at back
of compression-cylinder, but
shown at side on cut

M. Pump-primer

N. Blow-off Cock

00. Knuckles

PP. Heater-bolts

R. Regenerator-bonnet

§5. Pump-valve Bonnet

T. Water-jacket to protect

packing from heat

UU. Pump-buckets

7. Pump-gland




Watering the Herds

WITH the fencing of the ranges has come the need
for an artificial water supply upon the great
stock farms of the West. That cattle may thrive and
fatten for the market, it is absolutely essential that this
supply be both constant and aburdant. The picture
shows a typical scene upon many of the largest ranches,
where the HOT AIR PUMP is delivering its supply
into the storage tank, whence it is drawn ofl daily as
required, in any volume up to 100,000 gallons. No
driving of the herds to some distant river is required, |
thus much expeunsc is saved and the cattle drink quict- — »
ly, as nature dictates, at an ezer ready and abundant
supply. Deseriptive Catalugue  Cs et free on application.

Rnder-Encsson Engine Co..

ber, ‘ 38 Warren St., New Vork.
the Hot 40 Dearborn St Chicagn.
Alr Pump . |||ledphul
e %

u “Pite Mi., Sydne \
‘Venicnte- l\ey 71, II.A\iuS. Cubg.

Stirling Engines
in History
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in History

‘ Stirling Fan (Lake Breeze Motor, 1918)

Courtesy Andy Ross Historical Collectit

__
\ Runs on Kerosene
\ Alcohol or Gas Anywhere

# A most remarkable invention. No electricity,
/| wires or springs. 1918 Improved patented
Modela. Runs 8 hours for a cent on kerosene.
Quiet —Convenient. Brings genuine comfort
and satisfaction. lIdeal for the sick. A proved
success. 4th season. Increase your efficiency. Every
home and oftice should have one.” The Wonder Fan. Two
Models. Three Sizes. BE WELL. KEEP COOL. Address

Lake Breeze Motor, 566 W. Monroe St., Chicago :
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Philips Stitling Engine (1950-) with Rhombic Drive
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Rhombic Drive

Source: www.stirlingsouth.com
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Stirling Engines

in History

V-2 Stirling Engine (Stitling Power

System Co., 1981)

Spirit of American Motors
Corp., 1979




Stirling Engines
in History

The Kockums Stirling AIP system - proven in operational service




Modern Stirling Engines

Whisper Tech Ltd. <www.whispertech.co.nz>

The DC(AC) WhisperGen 750W




Modern Stirling Engines

Tamin Enterprises <www.tamin.com>

TESEO002 CAMO0O01
Single-cylinder rhombic-drive Four-cylinder cam-drive

CAMMR




Modern Stirling Engines

Stirling Technology Company <www.stirlingtech.com>

. 450W @50Hz 1000W@50Hz

Electrical Output 60-80 W 350 W 550W@60HzZ 1250W@60Hz 3000 W

System 29% 23% 30% 23% 39%

Efficiency

Duty Cycle Continuous Continuous Continuous Continuous Cor:;nuo

AL 50,000 hr 50,000 hr 50,000 hr 50,000 hr 50,000 hr

Lifetime

Dimensions 13.8in. x5in. 23in. x 8in. 24in. x 7.51n. 28in. x 9in. 34in. x
dia dia dia dia 10in. dia

Weight 3.5kg 80 Ibs. 100 Ibs. 130 Ibs. 160 Ibs.

Maintenance None None None None None



http://stirlingtech.com/products/rg55.shtml
http://stirlingtech.com/products/rg55.shtml
http://stirlingtech.com/products/rg55.shtml
http://stirlingtech.com/products/rg350.shtml
http://stirlingtech.com/products/rg350.shtml
http://stirlingtech.com/products/rg350.shtml
http://stirlingtech.com/products/rg450.shtml
http://stirlingtech.com/products/rg450.shtml
http://stirlingtech.com/products/rg450.shtml
http://stirlingtech.com/products/rg1000.shtml
http://stirlingtech.com/products/rg1000.shtml
http://stirlingtech.com/products/rg1000.shtml
http://stirlingtech.com/products/rg3000.shtml
http://stirlingtech.com/products/rg3000.shtml
http://stirlingtech.com/products/rg3000.shtml

@ Modern Stirling Engines

‘ Stitling Technology Company <www.stirlingtech.com>

RG55 RG350
RG450
RG1000 RG3000

==




Modern Stirling Engines

Sunpower, Inc. <www.sunpower.com>

M87 cryocooler Model B-10B

mass 2.7 kg Beale Free-Piston 1 W
length 280 mm height 250 mm
diameter 83 mm base diameter 100 mm

cylinder diameter 60 mm




Modern Stirling Engines

Miniature Engines (PEACE Lab., NCKU)
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Miniature Engines

Design Phase: Two-dimensional Drawing
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Modern Stirling Engines

Miniature Engines

Design Phase: Three-dimensional Drawing




Modern Stirling Engines

Miniature Engines

Analysis Phase: Mesh and Finite Element Analysis

Temp
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@ Modern Stirling Engines

‘ Miniature Engines (PEACE Lab., NCKU)




Industrial Projects

Miniature Engines (PEACE Lab., NCKU)

!




Modern Stirling Engines

Miniature Engines (PEACE Lab., NCKU)
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Industrial Projects

(1) Low-Temperature-Differential Stirling Engine

(Logic System Technology Co. )




Industrial Projects




Industrial Projects

‘ (3) Stirling Fan- Heat-Driven Water Heater Ventilation




Industrial Projects

(4) 300-W Stirling Power Generator




Industrial Projects

(5) Magnetic-Enforced Stitling Engine
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Potential Technologies

Potential Technologies

Solar Thermal Dish/Stirling Power Systems
Hybrid Stirling/Electric Cars

Micro-Stirling Engines

Energy Saving Units/Waste Heat Regenertion
Auto-Start Electronic Cooling Devices
Free-Piston Stirling Coolers (FPSC)
Hydrogen Stirling Engines



Potential Technologies

Solar Thermal Dish/Stirling Power Systems

b
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Source: Sandia National Laboratories




Potential Technologies

‘ Hybrid Stirling/Electric Car

Norway's Think.
High-power lithium-ion batteries
Stirling engine

AC motor

Source: CNN money.com July 31, 2007.

POWERING UP

How a Think/Stirling hybrid could
help the energy grid to handle peak
demand.

L. Think owner 2. He plugs the car
texi-messages hiscar  into an employer-
and discovers that its provided, salar-

battery needs powered charging .'J

charging. station. L

3. That afternoon,
; when homes and
N offices crank up their
4 air conditioners,
electricity demand

il .. spikes.

4 Computersthat | STIRLING ENGINE
manage the grid
register the surge and . BATTERY

signal cars to send ==
back juice.

3. The cars” Stirling engines begin trickle-
charging their batteries for the commute home.




@ Potential Technologies

‘ Free-Piston Stirling Cooler (FPSC)

Montreal Protocol
on substances that
deplete the Ozone
layer (CFC ~ HCFCs -
Halon)

Kyoto Protocol
on greenhouse gases
(O, ~ PFCs -~ HFCs ~
and SF6) (GWP)

Source: www.globalcooling.nl




Summary

Hydro,

Fossil fuels,
Solar,
Electrochemical,
Oceanic,
Nuclear,

Wind,
Geothermal,

etc.

Energy Conversion Units

—)

Concluding Remarks

Refrigeration

f

New Challenges = New Opportunities



