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INTRODUCTION

« What | learned from researching the
history of screw compressors.

 How that influenced this presentation.

 The familiar and often repeated short
historical narrative.

« Stories from some of the people involved.




WHAT I LEARNED

It is too big to do it all

Too much information

Too long atime

Too many participants

Too broadly characterized

Google “screw compressor” to see what | mean



WHAT I LEARNED

It has been done before

Professor
lan Smith

Professor Nikola
Stosic




APPROACH

How | organized this talk...

The Limited Scope Version
 Twin screw only

* Follow personal experience
 Focus on technical development
Divide Timeline into Phases

* Beginnings

 Re-invention

« Growth and Development
End up with a Useful Result

« How we got to where we are
« How we will define the future
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BEGINNINGS

 What was Heinrich Krigar known for?

 Why did he even need a screw
compressor?

e What does a woolen mill in Connersville,
Indiana have to do with this story?




BEGINNINGS
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the county of Middlesex, Gunmakers, for the
invention of improvements in bmch loading
fire arms.”

2515. To John Ford, of Reading, in the county
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2543. To Charles Burn, of 3, Middle Scotland-
yard, in the city of Westminster, in the county
of Middlesex, for the invention of ** a new mode
of propelling railway or other carriages.”




BEGINNINGS

¥

& J Francis & Philander...

...had a woolen mill in Connersville, Indiana...

...that was powered by flowing water.




BEGINNINGS

THE CUPOTL XA FURNACE -

A PRACTICAL TREATISE ON THE

CONSTRUCTION AND MANAGEMENT

oF

FOUNDRY CUPOLAS.

COMPRISING
THE BEST METHODS OF CONSTRUCTION AND AGEMENT OF CUPOLAS; DIFFERENT

SHAPED CUPOLAS; HEIGHT OF CUPOLM PLACING :RES; SHAPES OF TUYERES;
; BLOWERS; JJLAST PIPES; AIR GAUGES;
ENGELTING P TRON, TIN-PLATE SCRAP,

LINING; SPARK CATCHING DEVICH
CHARGING; DIRECTIONS FOR TH!

AND OTHER METALS IN CUPOLAS; EXPERIMENTS IN MELTING;

WHAT A CUPOLA WILL MELT; ETC.

The first application of fa,
the Roots blower was in R
iron foundry cupolas.

PHILADELPHIA :

HENRY CAREY BAIRD & CO.,
INDUSTRIAIL PUBLISHERS, BOOKSELLERS AND IMPORTERS,
810 WALNUT STREET.

LONDON : SECTIONAL VIEW OF CONNERSVILLE CYCLOIDAL BLOWER.
E. & F. N. SPON, Ltp,,
125 STRAND.

1899.




BEGINNINGS
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Krigar
1878

Putting these pieces together...




BEGINNINGS

Krigar was an expert in foundry furnace design.

New furnaces needed more flow and pressure.

He modified the Roots brothers’ invention to satisfy
requirements. - '

Success...

A Krigar “helical screw blower”
at a Foundry in Ettelbrick,
Luxembourg.




REINVENTION

« Gustav de Laval plants a seed.
« Two brothers from Sweden build a business.

« Alf Lysholm enters the picture.




REINVENTION

Birger and Frederick
Ljungstrom

1880 1890 1900 1910 1920 1930 1940 1950 1960 1970 1980 1990 2000 2010

Birger & Fredrick
Ljungstrém




REINVENTION

Die Dampfturbinen.

Mit eine
fiber die Aussichten d
und fiber d

xxxxxx

Aurel Stodola




REINVENTION

Soren Edstrom

Alf Lysholm

Krigar’s concept has gone from cupolas to gas turbines.



REINVENTION

* Ljungstroms’ interest in steam engineering led to
the foundation of ALA and hiring of Alf Lysholm.

 Lysholm became an expert in steam turbines.
 He helped develop ALA’s gas turbine concept.

« To avoid surge, he proposed using a positive
displacement compressor.

e Success....

Not in gas turbines, but Lysholm’s implementation
of Krigar’s 60 year old idea was the beginning of
our screw compressor industry.




GROWTH AND DEVELOPMENT

« The appearance and growth of SRM.

« Seeds of commercialization.

« Building and using the body of knowledge.
 Manufacturing technology evolves.

e Success.




GROWTH AND DEVELOPMENT

Turbines to screw compressors & the appearance of SRM

AB Ljungstréms Angturbin (ALA)  Svenska Rotor Maskiner (SRM)
1880 1890 1900 1910 1920 1930 1940 1950 1960 1970 1980 1990 2000 2010
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GROWTH AND DEVELOPMENT

Building up of SRM licensee involvement

Number of Licensees

Om
1860 1880 1890 1900 1910 1920 1930 1940 1950 1960 1970 1980 1990 2000 2010

Year




GROWTH AND DEVELOPMENT

Commercial enterprises

1860 1880 1890 1900 1910 1920 J I I I
ce0—O0—0C—10—-=0C e -9

1930's  1940's  1950's  1960's  1970's  19B0's  1990's  2000's

Rapid Expansion in the 1960°’s



GROWTH AND DEVELOPMENT

1935 to 1950

Aug. 22, 1950 2,519,913

A IOLM
HELICAL ROTARY C‘ﬁz?%!t.{SSOR WITH PRESSURE
ND VOLUME REGULATING MEANS
Filed Aug. 21, 1943 3 Sheets-Sheet 1

Prototype dry
running screw
tests

70 25
options options

L]

1860 1880 1890 1900 1910 1920 1930 1940 1950 1960

ce0—0O0—10—10—10—0—0—10—0

B v
Port type
displacement Alf Lysholm

and volume ratio
control




GROWTH AND DEVELOPMENT
Building up the body of knowledge

Prototype dry
running screw
tests

70 25
options options

Ll

1860 1880 1890 1900 1910 1920 1930 1940 1950 1960 1970 1980 1990 2000 2010
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SRM begins
publishing screw
compressor reports




GROWTH AND DEVELOPMENT

Using the body of knowledge — Early adopters

Guttehofnungshiitte (GHH)

— 1952
Y A\ ¥
IZ 2 E_ “First oil-free screw
compressor stage.”

1953

“First two stage oil-free
industrial compressor
module.”

ghhrand.com

Howden

“James Howden & Co Ltd ...
first company to commercialise the
technology.”

Howden.com

1860 1880 1890 1900 1910 1920 1930 1940 1950 1960 1970 1980 1990 2000 2010

KOBELCO

e
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@) AErzEN s m—

1943 “Completed Japan’§ first oil-free

“Production start for screw SCrew compressor.

compressors.” kobelco.co.jp 1955

Aerzen.com “The first screw compressor is

delivered.”

atlascopco.com




GROWTH AND DEVELOPMENT

Building a body of knowledge

Jan. 15, 1963

W. BAILEY
ROTARY COMPRESSOR

3,073,513

Filed April 26, 1960 4 Sheets-Sheet 1

Th6.2

INVENTOR:
WILFRED BA/LELY

Rkt Do s Ao

W. Bailey

10

1920

1930

Oil flooded
compressors

1940 1950 1960 197

Slide valve
displacement control

July 24, 1962

H. B. WAGENIUS

3,045,447

ROTARY DEVICE, SUCH AS REFRIGERATING MACHINE OR SIMILAR DEVICE

Filed Feb. 25, 1959

H. B. Wagenius

3 Sheets-Sheet 2




GROWTH AND DEVELOPMENT

Significant effect of developments in the 1950°’s

1860 1880 1890

o-e0—O

Oil flooded
compressors

Prototype dry
running screw
tests

70 25
options options

1900 1910 1920 1930

1940 1950

Oo—0O0—OC

Port type
displacement
and volume ratio
control

Slide valve
displacement control




GROWTH AND DEVELOPMENT
1950’s

May 7, 1963 H. R. NILSSON ETAL 3,088,65!
MEANS FOR REGULATING HELICAL ROTARY PISTON ENGINES
Filed June 17, 1960 4 Sheets-Sheet
T;:'.B.
36
dd) 74
94 L 4
L et oz
i 1B - i 32

Refrigeran
compresso

SRM Refrigerant Compressor

1860 1880 1890 1900 1910 1920 1930 1940 1950 1960 1970

H. R. Nilsson

Slide valve
volume ratio
control



GROWTH AND DEVELOPMENT
1960’s

Dunham Bush i, P
First Semi-Hermetic Screw Compressor oded
For Air Conditioning Chillers 3SS0rS

—— Semi-hern
‘ I8 screw fo

950 1960 1970 198(

Porttype Alf Lysholm
displacement

and volume ratio
control

Slide valve
volume ratio
control

Slide valve
displacement control - Asymmetric

profile
reintroduced




GROWTH AND DEVELOPMENT

1970’s and onward

Ingersoll Rand

Oil flooded
compressors

Semi-hermetic
screw for A/C
Prototype dry

running screw
tests

Refrigerant
compressors

70 25
options options

Bitzer

Frascold ‘
1860 1880 1890 1900 1910 1920 1930 1940 1950 1960 1970 1980 1990 2000 2010
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Port type
displacement
and volume ratio
control

Variable speed

Slide valve
volume ratio
control

Slide valve

displacement control Asymmetric
profile

reintroduced




GROWTH AND DEVELOPMENT

Manufacturing
Early SRM — Holroyd 2A Profile Milling
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GROWTH AND DEVELOPMENT

Manufacturing
1993 2011
Holroyd 2A Holroyd EX Holroyd TG

Profile Milling Profile Milling Dressable Wheel Grinding

1983 2005
Kapp RNS Series Kapp RX59

CBN Profile Grinding CBN Profile Grinding

2013

Kapp RX120
CBN Profile & Generating Grinding

TT KAPP NILES
RX 55




GROWTH AND DEVELOPMENT

SRM begins building body of knowledge.

Early adopters use the information, take risks,
demonstrate viability and identify shortcomings.

Technical solutions lead to acceptance.

Manufacturing technology advances.

Success...

The number of firms engaged in commercial activity
more than triples in the 1960’s.

More than 3 million compressors manufactured by
SRM licensees since the mid 1940’s.

Over 400,000 compressors produced in 2013.



GETTING MEANINGFUL RESULTS

 Examples of the body of knowledge
available today.

* Development of screw compressor
simulations.




GETTING MEANINGFUL RESULTS
The body of knowledge
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GETTING MEANINGFUL RESULTS
The body of knowledge

Professor Laurenz Rinder




GETTING MEANINGFUL RESULTS
The body of knowledge

Professor Andreas
Brimmer




GETTING MEANINGFUL RESULTS

Building and using the body of knowledge

PROCEEDINGS

oratle FAEDICTION OF THE CIL-rREE SCREW COMPRESECR PERFORMANGE
COMPRESSOR TECHNOLOGY USING UDIGITAL COMPUTER

July 10-12, 1974

M. Fujiwara, K. Mori and T, Suwama
Mechanical Engineering Research Laboratory,Hitachi Ltd,,Japan

Well developed reciprocating compressor Simulation provides insights
simulations provide model for screw into screw-specific issues
discharge meshing part the control volume — blow hole ared = O
_I { I_ T 10— ——
- D 3
gas flowing gas flowing £ I
out of thne inte the \:\ - |
volume volume "'E l
&~ .5 normal | blow hole
area :
suction cylinder iston B |
female’ratur 1 1 . l 1
0 0.5 1.0
dl\ gpeed ratio ( N/No )
Fig, 1 ::: :::::: of the ascrew Fig,2 Model of the compression Fig 6 'Zﬂ-dt' as fanction of Speed_
’ Frocess ( parameter : blow hole area )




GETTING MEANINGFUL RESULTS

Building and using the body of knowledge

RAY W. HERRICK LABORATORIES

MODELING AND SIMULATION OF ROTARY SCREW COMPRESSORS A Graduate Research Facilty
PROCEEDINGS
of the
1980 PURDUE Mark A. Firnhaber
COMPRESSOR TECHNOLOGY Industrial Division, Joy Machinery Company R A S LU U
CONFERENCE 900 Woodland Avenue, Michigan City, Indiana POSITIVE DISPLACEMENT TYPE COMPRESSORS
s By Donald S. Szarkowicz, Ph.D. by

Werner Soedel
REFERENCES

1. Coates, D.A., "Design Technique for the
Performance Optimization of a Small Rotary Vane
Compressor", Ph.D. Thesis, Ray W. Herrick
Laboratories, School of Mechanical Engineering,
Purdue University, January, 1970.

Edited by:
WERNER SOEDEL 2. Hamilton, J.F., "Extensions of Mathematical

Modeling of Positive Displacement Type

Compressors", Ray W. Herrick Laboratories,
Purdue University, July, 1974.

3. Schwerzler, D.D,, "Mathematical Modeling of a
Multiple Cylinder Refrigeration Compressor",
Ph.D. Thesis, Ray W. Herrick Laboratories,
School of Mechanical Engineering, Purdue -

Uni ity, J 5 . - ‘
plversity, June, 137) MATHEMATICAL MODELING AND DESIGN EVALUATION OF
4. Soedel, W., "Introduction to the Computer HIGH-SPEED RECIPROCATING COMPRESSORS

Simulation of Positive Displacement
Compressors", Short Course Test, Ray W. Herrick .
lLaboratories, Purdue University, July, 1972. A Thesis

5. Stevenson, M.J., "A Computer Simulation of a Submitted to the Faculty

Rotary Vane Compressor", M.S.M.E. Thesis, of

Ray W. Herrick Laboratories, School of Purdue Universit
. Mechanical Engineering, Purdue University, y

August, 1969.

b

6. Wambsganass, M.W., "Mathematic Modeling and y
Design Evaluation of High Speed Reciprocating . -
Compressors", Ph.D. Thesis, Ray W. Herrick Martin William Wambsganss, Jr.
Laboratories, School of Mechanical Engineering,
Purdue University, January, 1966.

A Partial Fulfillment of the
Requirements for the Degree
of
Doctor of Philosophy

January, 1966




GETTING MEANINGFUL RESULTS

Building and using the body of knowledge
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MATHEMATICAL MODELING AND DESIGN EVALUATION OF
HIGH-SPEED RECIPROCATING COMPRESSORS

A Thesis
Submitted to the Faculty
of
Purdue University

by

Martin William Wambsganss, Jr.

A Partial Fulfillment of the
Requirements for the Degree
of
Doctor of Philosophy

January, 1966




GETTING MEANINGFUL RESULTS

Building and using the body of knowledge

R
: o

Bo Sangfors




GETTING MEANINGFUL RESULTS

« Large body of knowledge available.

« Contributions from academia, technology
organizations, industrial firms.

« Various degrees of accessibility.
« EXxisting information used as basis for advances.

« Success illustrated in Purdue Conferences...

24 papers on screw compressor simulation.

Based on my experience, this is a significant
contribution to industry designers.




THE FUTURE DEFINED

Professor Knut Kauder




THE FUTURE DEFINED

What | think we will see

CFD for “everyday” design
Multi-phase flow
Fluid-structure interaction
Full spectrum optimization
System models to simulate application stress
Manufacturing models to include variation stress
Manufacturing process simulation
Model variation in machine functions

Adaptable, tolerant designs and smart systems

Adjustable or condition tolerant configurations
Sensors, controls and materials

It’s hard to make predictions, especially about the future



THE FUTURE DEFINED

What | know about how it will be done

“If you want new ideas, read old
books.”
lvan Petrovich Pavlov

“If | have seen further it is by
standing on the shoulders of giants.”
Isaac Newton

So, we should find the old books and giants...



THE FUTURE DEFINED

Here are just a few of the old books...

A. Kovacevic
N. Stosic
I, Smith

N. Stosic
e i T 48 il o
— Bit, BitBEA

MFX *F

BHHTOBbBIE
KOMIMPECCOPHBIE
MALWHBI

Screw Compressors

Mathematical Modelling
and Performance Calculation

CNPABOMHHH.

1977

Screw
Compressors

Three Dimensional Computational
kluid Dynamicsiand Solid Fluid Interaction

VDI BERICHTE 521

Pnos,l':fmmm VEREIN DEUTSCHER INGENIEURE
1872 PURDUE

COMPRESSOR TECHNOLOGY
CONFERENCE VDI-GESELLSCHAFT ENERGIETECHNIK

SCHRAUBENVERDICHTER, SCHRAUBENMOTOREN

IMecHE CONFERENCE TRANSACTIONS

VDI VERLAG

Use and contribute to the body of knowledge




THE FUTURE DEFINED

... and the giants are right here.

... that is exactly how the future of screw
compressors will be determined.

Take the opportunity to share ideas and results with others
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COFFEE
BREAK

9:30 - 9:45
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