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Impact of "Scale Modeling" on
Research and Development -1-

Scale Modeling and IR4TD

Kozo SAITO, Ph.D.

Director, Institute of Research for Technology Development (IR4TD) &
Tennessee Valley Authority Professor in Mechanical Engineering
University of Kentucky

Lexington, KY 40508-0503 USA

http://www.engr.uky.edu/me/cfpl

INTERNATIONAL SYMPOSIA ON SCALE MODELING

Scale modeling covers almost all fields of engineering and is often applied to medicine,
meteorology, biology etc. Because of its interdisciplinary nature, Professor Emori (the founder
of scale modeling theory, known as Law Approach [1]) knew the need for international
communication among a wide range of scale modeling researchers. He initiated the first
international symposium on scale modeling in 1988 in Tokyo under the sponsorship of the
Japan Society of Mechanical Engineers [2]. After the first successful ISSM, unexpectedly, it
took nine years to host the second symposium in Lexington, Kentucky under the sponsorship
of the University of Kentucky. To keep Professor Emori's will alive, Professors Tadao Takeno
and Yuji Nakamura hosted the third ISSM in Nagoya in 2000, and the International Scale
Modeling Committee formed just around that time decided to continue ISSM every three
years. Based on that agreement, the fourth ISSM was held in Cleveland, Ohio in 2003, hosted
by Dr. Vedha Nayagam and Professor Simon Ostrach under the sponsorship of the National
Center for Microgravity Research, NASA Glenn Research Center. The fifth ISSM was held in
Choshi, Chiba, Japan in 2006, hosted by President Toshi Hirano and Professor Lijing Gao of
the Chiba Institute of Science. During ISSM 5, a special workshop was proposed to select
papers from the past ISSM and publish them in a special ISSM volume: Progress in Scale
Modeling, to be published from Springer in 2008 [3].

THE ROLE OF SCALE MODELING

Scale models can create scaled down or up versions of the full-scale phenomena. When
researchers attempt to properly design prototypes, conduct experiments or observe the scaled
phenomena, they may be able to gain at least the following three benefits: (1) Scaling
relationships between the prototype and the scale models; (2) Imagination to speculate on the
behavior of the prototype phenomena, and (3) Validation of computational model predictions.
The third benefit becomes more important in the age of computers. It is no question that
computational methods save the time and energy of human calculation, but also provide
details in virtual reality conditions under well controlled initial and boundary conditions, that
may be difficult to achieve by experiments. However, all computational models require
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validation. Without validation, no computational models can correctly predict performances of
the prototype phenomena. The direct validation of the computational model by prototype tests
would be the most ideal, but often faces difficulty due to economical, ethical, or other reasons.
The scale model validated by scaling laws can serve as an excellent alternative validation tool
for computational models (e.g., Jim Quintiere has proposed the use of reduced scale models to
validate numerical simulation of collapse of the 9-11 World Trade Center [3]).

AN EXAMPLE OF SCALE MODELING

Scale modeling has two different concepts: static similarity and dynamic similarity. Dynamic
similarity deals with transient phenomena. You can find more details in reference [1] and web

site: http!//www.mni.ne.jp/~sekimoto/ScaleModeling.html
Here I will give you an example problem of scale modeling.

problem

It took 10 minutes to cook a 500g beef in medium rare using a gas grill. Using the same
grill with the same temperature set up, how long does it take to cook a 1,000g beef in
medium rare? Assume that both beefs are geometrically similar in shape and contents of
fat and meet.

...... Answer: see Reference [1], pp.38-43.

Qk = heat conducted through the beef; Qc = heat accumulated in the beef; ¢ = specific heat of
beef; k = thermal conductivity of beef; o = density of beef; t = time; 1 =length. All parameters
listed are characteristic (representative) parameters which differ from specific parameters
(see Reference [1]). Prime (') represents scale models.
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UNIVERSITY OF KENTUCKY'S NEW INSTITUTE: IR4TD

The University of Kentucky's new Institute of Research for Technology Development (IR4TD)
was proposed in 2006 and approved the next year. IR4ATD was created as part of the
University of Kentucky's strategy to seek excellence in research, education and service. The
mission of IR4TD reads: IR4TD is a newly created research institute dedicated to excellence
in engineering research and unique education based on IR4TD-Hitozukuri principles.

Two specific aims of IR4TD are:

(1) to solve industry's technical problems by developing a win-win working relationship with
company's engineers to create new ideas and find value-added solutions which are only
possible through collaboration;

and

(2) to create a learning system which can enhance the process for students, researchers, and
visiting scholars through sponsored research projects, helping them to become unique
engineers who have ability to function in an ever-changing international arena.

It is sometimes claimed that industry and academia are two very different cultures, with the
former concerned with how to deliver reasonably-priced high quality products to customers in
a timely fashion, while academic institutions focus on education, research, and service [4].
Toyota's Chairman, Mr. Cho stressed the importance of "Hitozukuri culture" during his recent
interview in a Japanese TV program (also in his recent lecture at Toyota Motor Vietnam and
his related article [5]). A common mission does exist between companies that value
"Hitozukuri" and academic institutions that focus on education.

Furthermore, at IR4TD, to stress the way research and development are integrated in our
work, we call our approach R4D - research for development. The new institute's purpose is to
directly and effectively respond to requests from industry. R4D is a demand-pull rather than a
supply-push approach; we respond to the needs of clients who approach us rather than
approach companies with our research interests. The approach also provides an excellent
education for our graduate students in tackling pressing industry problems, working as a
team, accepting responsibility, coping with real budgets and real deadlines, communicating
effectively with clients, and understanding their point of view. A client may see a problem
with the current process; we can see, in fact, that they have come to the limits of a current
technology so that a new generation of technology or even a radical new approach to the whole
question is needed. The "R" of our work is not simply paired with the "D" but tied directly to
needed innovations.

Overall, this approach leads to: (1) a high probability of immediate in-plant benefits to the
company, and (2) a high likelihood that new technology needs will be accurately identified --
thus, new-generation technologies that fit efficiently into the company's manufacturing
systems, and the potential for discovering "quantum leap" (revolutionary) solutions that can
be transferred to other industries. In IR4TD, we promote the use of scale modeling through
education and research. We created a new course, ME 565 - Scale Modeling in Engineering, a
semester long three credit hour course for both undergraduate seniors and graduate students,
to introduce them to the concepts and benefits of scale modeling techniques to effectively
deliver solutions to industry sponsored projects by observing difficult-to-see
prototype-phenomena, highlighting the benefits listed above in (1) and (2).

SUMMARY

When engineers receive some ideas in new product development, they can test how the new
design looks by building scale models and they can get an actual feeling with the prototype
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through their imagination. The late Professor Emori often said: "When children play with a
toy airplane, their mind is wondering about the prototype airplane which they haven't
ridden." Children can use the scale model airplane as a means to enter into an imaginative
world of wonder by testing, in their own way, how the actual airplane might function, how the
actual airplane can maneuver aerodynamically, what might be the actual sound of a jet
engine, how to safely land the actual airplane, and so on. This imagination that scale models
can provide for children will help them later develop professional intuition. Physical scale
models can never be entirely successfully replaced by computer screens where virtual models
are displayed and fancy functions are demonstrated. Not only children but also adults can
learn things by actually touching things only offered by physical models, helping all of us
develop an imagination and a feeling eventually leading toward Kufu [1], a highly developed
form of professional intuition. Einstein's famous "thought experiments [6]," which helped him
to restructure modern physics may possibly and effectively be taught by letting researchers
play with scale models!?

Professor Forman Williams wrote Message [7] to JSME about desire and motivation of
engineers and researchers, which can constitute the basis of our academic research and
education to support this article on scale modeling. I also acknowledge Professor Yuji
Nakamura for inviting me to introduce scale modeling in JSME News.
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3. EEHRMAKRRICETHEER

2005 4 11 AR, HA - #t72 TV L0 EHA ORI THGE L7z h, BREKKHER O F25R
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| Burning area created by ‘
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Burning area

N
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%
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Type-2 fire whirl @

3 $
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BAEEITERA

@®The 7th JSME-KSME Thermal and Fluids
Engineering  Conference  (TFEC2008)
(570 ABRARARIFRE

FfER: 2008 4 10 A 13 H(A)~16 B(K)
5 A ALIR

Abstract #iFR: 2008 £1 A 31 H

O 7 MBEARAIERETFECT)- L
3 — THEEBRLEHIER~TOTOR
BRESFAADIRIILT—HMIT!

BA#H: 2008 % 10 A 13 H(A) 14:.00~
17:00

(3% 7 BI BB H TR T FEEED Reception HY
REDRIDFEE)

i%) Fr: tBELERESE2— (VTS 2
7

FWEahek: BER
M ITEKRZF)

ZE= BHER (L

@ HAHWFSR 2008 EFEFRAE
BI#E: 2008 48 A 4 B(H)~7 B(X)
5 B BWEEMZKZF

X=ZER:

@I ¥ TJ7L R 2007

FAfER: 2007 4 11 A 23 B(£)~24 B(L)
5 F REBBRZE-FHFVY/X
RTEER: &0 EE(FEHKX)

@No. 07-21 BT I7LVR-TLt3F

M BRIRIERREICHRUAA O B T2 D R AT |
(BT a2 J7L X 2007 O A BE)

BA#H: 2007 &£ 11 A 22 B(K) 13:20~
16:40

15 B REMKE RKXRE

FULabhth BEZER FEIHEF
REF) . #AK B(BILRERT)

@2007 ASME-JSME &R T Z2RE
(2007 ASME-JSME Thermal Engineering

Conference and Summer Heat Transfer
Conference and InterPACK'07)

FfER:2007 £ 7 A 8 H(H)~12 B(K)

1% Ffr:Vancouver (Hotel, Westin Bayshore
in Vancouver), British Columbia

TITARZIMMHEYIY 2006 £ 12 A 15 A

[RIEHHTIY 2007 #£2 A 16 H
=R R 2007 £ 4 A6 H

\jlﬁsrl;/IEE ZBRK MEIE f2.JSME #F M

& 7 [B] ASME-JSME SRS I ®¥£EE.
K(XE RN DL % (Summer Heat Transfer
Conference) .

E5(Z InterPACK'07 £ Co-location ThfES
N.1DDEFT. ETHOLEFEIZSIMTEE
EIR

ONo. 07-20 FEER[CRITFEN (HIRE
B DFIR) IDRBREHMICUI-BARETDE
e

FfER: 2007 &7 A 3 B(X)~4 B(K)
5 B RRIFXEKRZ-BFLIEIS5MH

sEen
SEE

BLEahtk: BESEESR
FXZ) . &K H(BILRER)

FE A (H
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HAEETEEREN

ORIFEH %297 MEE R

BIXNF—LRTLDTALTAT K%
FA

?II:—M-&’*/?"- EHRATLOEME EETR
fifT—

BI#£E: 2008 4 9 A 25 B(K)~26 B(%)
& P KBR#EZFERMTE 52— 8 Hh—
I

@ 47 ERBEL VR D L

BB 2009 % 12 A 2 B(K)~4 B(£)
% Pt #LiR

T #: BRBRERER

O% 46 B ARG VRO L

F#ER: 2009 46 A 2 H(/)K)~4 B(K)
15 . Bi mREERRE

& BARGERZFR

@5 46 EABEL VR D L

BB : 2008 % 12 A 3 B(’K)~5 B(%)
5 P RETILY

F f: BARERBEER

O " R {LFHRF =2 EREER (I 2008)
FEB: 2008 & 10 A 11 B(x)~12 H(A)
15 B SITHAEESRFEV5—

E fE: FIREERFR BARRFESHE

O 29 BIBAEMMES DRI L
BifER :

& P
BA—

F f&:

2008 4£ 10 A 8 H(’K)~10 H(2)
AAZFKRE FHRUEERERRE

HARMEFR

O EKRFANFR F= 2008

F#ER: 2008 49 A 4 H(K)~7 B(B)

15 B MRFRFOCREFY2/IR)

* f#: BERRAKANZFR, BEAREZFEHE

@3 36 B A fRILBEHR ORI I L
BIfEE: 2008 4 7 A 22 A(:k)~23 B(K)
5 B IZERREFERE

E fE: FIREERFR BARRFESHE

O A5 I HARGRIURD DL

BMER: 2008 & 5 A 21 A(’k)~23 H(®)
5 B OKIFEERES

F f#: BXRERESR
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ELiEERN (2009 £, 2008 £E, 2007 £E)

—2009 F—

@® Second International Conference on
Thermal Issues in Emerging Technologies
Theory and Applications (ThETA2)

BHfE H :2009 & 12 B 17 B(KX)~12 A 20 B
(H)

Bt ih : Sofitel El Gezirah, Cairo, EGYPT
Abstract AR : June 2, 2008

@® The 7th Pacific Symposium on Flow
Visualization and Image Processing
(PSFVIP-7)

Faflkﬁa:zoogﬁ 11 B 16 B(B)~11 A 19 A
()

B i : Kaohsiung, Taiwan, ROC
Abstract #i[R : October 31, 2008

@® The IV International Conference on
Computational Bioengineering (ICCB2009)

BAfE A :2009 4£ 9 B 16 B (7k)~9 H 18 H(%)
i th : Bertinoro (Forli), ITALY

® 7th International
Cavitation (Cav2009)

Symposium  on

B B : 20094 8 B 17 H(B)~8 A 22 A(L)

BAfE i : University of Michigan, Ann Arbor,
USA

Abstract #i[E : November 15, 2008

@® The 6th International Symposium on
Turbulence and Shear Flow Phenomena
(TSFP-6)

BifE B :2009 46 H 22 H(A)~6 A 24 B(K)
B ih : Seoul National University, KOREA

Abstract #i[ : July 31, 2008

—2008 F—

@® The 6th International Symposium on
Measurement Techniques for Multiphase
Flows (ISMTMF2008)

FafJK%Elzzoosszﬁ 15H(A)~12A 18 8
()

BrifEHh - o fE
Abstract #i[E:2008 &£6 A 16 H

@® Fourth International Conference
Multiscale Materials Modeling (MMM-2008)

F'aiﬁa:zoosfﬁmﬁ 27 H(A)~10 A 31 H
()

FA{&E Hh : Tallahassee, FL, USA
Abstract #i[E:2008 &£3 A 14 H
and Fluid Flow

@® Heat Transfer in

Microscale I

FfER 200849 A 21 H(A)~9 A 26 H(£)
B4 b : Hilton Whistler, BC, CANADA
Abstract #ifR:2008 &£ 4 A 4 H

@® The 2nd International Forum on Heat
Transfer (IFHT2008)
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B4 H:2008 £ 9 B 17 H(K)~9 B 19 H(2)
B IR
Abstract #i[E:2007 &£ 12 A 31 H

@® 18th Conference on Thermophysical
Properties (ECTP2008)

B9 B :2008 £ 8 A 31 H(H)~9 A 4 H(K)
BSf tth : Pau, FRANCE

@® The 12th Asian Congress of Fluid
Mechanics (12ACFM)

BAfE R :2008 4£8 A 18 H(H)~8 A 21 H(K)
B ih : Daejeon, KOREA

@® The 19th International Symposium on
Transport Phenomena (ISTP19)

Fi#EH 200858 A 17 H(H)~8 A 21 H(K)
Frf#E i : Reykjavic, ICELAND

Abstract #i[E : December 15, 2007

® 32nd
Combustion

International Symposium on

B4 H:2008 &£ 8 A 3 H(H)~8 A 8 H(®)

R & # : McGil
CANADA

University, Montreal,

@ The 13th Internationl Symposium on Flow
Visualization (ISFV13)

B E:2008 £ 7 A 1 B(X)~7 A 4 A(2)
BAfE H - Nice, Riviera, FRANCE

Abstract #i[E : November 15, 2007

JSME TED Newsletter, No.55, 2008

@ The Second Internationl Symposium on
Physics of Fluids (ISPF2)

B9 H:2008 46 A 9 H(B)~6 B 12 H(K)
BHf th : Jiuzhaigou, CHINA

Abstract #i[E : November 15, 2007

—2007 & —

@ International Gas Turbine Congress
FfER:2007 &£ 12 A 2 H(B)~7 B(£)
48 #h: Tokyo, JAPAN

@® International Conference on Power
Engineering (ICOPE-07)[PDF]

Bi# B:2007 4 10 B 23 B(K)~27 B(+t)
B #h:Hangzhou, CHINA

@® Sixth International Conference on
Enhanced, Compact and Ultra-Compact
Heat Exchangers: Science, Engineering and
Technology

B4 B:2007 £ 9 A 16 B(B)~21 B(%)

B Hh:Potsdam GERMANY

@® The 18th International Symposium on
Transport Phenomena (ISTP-18)

B B:2007 4 8 A 27 B(H)~30 B(K)
A th:Daejeon, KOREA

@® Fifth International Symposium on
Turbulence and Shear Flow Phenomena

B B:2007 4 8 A 27 B(H)~29 B(K)
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FrfE Hh:Murich, GERMANY

@® 8th Asian Thermophysical Properties
Conference

B4 B:2007 & 8 A 21 B(K)~24 B(£)

Bl th:Fukuoka, JAPAN

o International  Colloquium on the
Dynamics of the Explosions and Reactive
System (ICDERS)

BfE H:2007 &£ 7 A 23 H(A)~27 B(%£)

B th:Poitiers, FRANCE

@ International Conference on Multiphase

Flow

B R:2007 £7 A 9 B(A)~13 B(®)

R h:Leipzig, GERMANY

JSME TED Newsletter, No.55, 2008

@® 11th European Turbulence Conference
(ETC)

B4 B:2007 4 6 A 25 B(H)~28 B(X)
BS4# th-Porto, PORTUGAL

@® 5th International Energy Conversion
Engineering Conference and  Exhibit
(IECEC)

B4 B:2007 &£ 6 A 25 H(K)~27 B(2)
B Hh:St. Louis, Missouri, USA

@® Second International Conference on
Porous Media and its Applications in
Science, Engineering and Industry

i B:2007 &£ 6 B 17 H(H)~22 B (%)

B fE Hh:Hawaii, USA

@® The 6th Pacific Symposium on Flow
Visualization and Image Processing
(PSFVIP-6)

B B:2007 &£ 5 A 16 H(’K)~19 B(L)

B fE Hh:Hawaii, USA
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