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Preface 1 In Autumn of 1971,

Tokyo Joint International Gas Turbine Conference
and Product Show was held in Tokyo,
organized and executed by

= the Gas Turbine Division of ASME
and the JSME.

= |

|

Prof. Watanabe, the chairman, are expressing
the gratitude to Dr. Thomas Sawyer, ASME-GTD,
for the distinguished contribution to the conference.

» In view of the success, the GTSJ was founded one year later in 1972,
and the Conference has been taken as the First IGTC.

» Contributed papers:
m 24 from ASME & 41 from JSME incl. 4 from abroad

Number of participants : 459 incl. 73 from abroad

Special Lectures

Prof. K.Hatta and Prof. T. Okazaki, “The Recent Problem of Gas Turbine Research”
Prof. I. Watanabe, “The Development of Gas Turbine Industries in Japan”
Prof. I. Koizumi, “Gas Turbine Operating Experiences and Application in Japan”
Mr. S. B. Williams, “Future of Small Gas Turbine”

Panel Session

Postwar Development of Aircraft Gas Turbines; T. lijima, IHI,
Development of Marine Gas Turbine; T Araki and M. Hamanaka, [HI,
High Temp. Heavy-Duty GT Burning Heavy Oil; C. Aoki and K. Yamazaki, IHI,
Two 8 MW Gas Turbines; Y. Omote, Mitsui Shipbuilding & Engineering,
Gas Turbine Compressor GCM1B; K. Miwa, Mitsubishi Heavy Industries,
Automotive Gas Turbines; K. Kinoshita and S. Yamazaki, Nissan Motor

Technical Forum on “Future Scope of Gas Turbine Application”

Automotive Power System Program at EPA; G.M. Thur (EPA)
Automotive Gas Turbine; G. M. Kahle (Chairman of ASME-GTD Tokyo Conf.)
Marine Gas Turbine; J. W. Sawyer (ASME-GTD)
Electric Power Generation Gas Turbine; TE. Stott (ASME-GDT Chair)



Vol.41 No.1 2013.1 ARARZ—ELFREXATELIGTCEHADHRZ—EVEER 3

Preface 3 PRODUCT SHOW
at Science Museum

» As introduced in the special lectures, Japanese
industries were prospective for various applications
of GT; such as in automotive, construction, railway,
marine, as well as in electric power generation and
aero engines.

» Number of Exhibitors : Domestic 20,

and 14 from abroad, P&W, RR, SNECMA, -
Number of visitors : 3094

Prof. I. Watanabe of Keio Univ.

A large unit was
winched up with
human assist.

> This product show promised a growing stream of Gas Turbine researches
and industrial developments in Japan.

Preface 4 Production and R&D in Japan:
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IGTC1 Welcome Reception, Banquet, and
Accompanying Person’s Program
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|[ IGTC 4 42-Special Lectures as Keynotes ]

[1971, Tokyo]
Prof. K. Hatta, ISAS,

[1991, Yokohama]
Mr. K. Honjo, MITI
University of Tokyo  Mr. R.F. Hoeft, GE

Prof. I. Watnabe, Keio Uni.  Prof. W. Endres,
Prof. I. Koizumi, Uni. Tokyo Uni. Stellenbosch
Mr. S. Wiliams,

Wiliams Research Co
[1977, Tokyo]
Dr. M. Matsuki, NAL,
Mr. I. G. Rice, ASME-GTD
[1983, Tokyo]
Prof. H.Tanaka, Uni.Tokyo
Mr. M.J. Hartmann, NASA

-1999]
Prof. E. M. Greitzer, MIT
& Dr. D.C. Wistler, GE
Prof. J.D. Denton, Uni.

Cambridge

_| i _

Prof. V.A. Sosounov,  Mr. M. Ito, IHI

L]

Central Institute of
Aviation Motors

=
Dr. R. E. Schafrik '

[2007, Tokyo]

Mr. I. Fukue, MHI

Prof. P. Moin, Stanford Uni.

Dr. R. E. Schafrik, GE

Prof. K. Broichhausen,

Bauhaus Luftfahrt

Mr. S., Sugiura, Aviation
Engineering & Business

Dr. D. C. Wistler, GE

Prof. Ann Dowling

[2003, Tokyo]
Prof. T. Simon,
Uni. Minnesota

Prof. H.E. Gallus

[1995, Yokohama]
Prof. H.E.Gallus, RWTH
Mr. S. Waslo, DOE

Mr. M. Kondo, MITI

Dr. H. Harada, NIMS

Dr. T. Watanabe,
CRI-Electric Power [2011, Osaka]

Mr. H. Ino, TEPCO Mr.R. Lugo, NASA

Prof. Ann Dowling, Dr. J. Fujino, NIES
Uni. Cambridge  Prof. R. J. Parker, RR

[1987, Tokyo]_

Mr. K. Yamagishi, MITI
Prof. E. Greitzer, MIT

Mr. H. Maghon, Kraft Union

[1999, Kobe-

Mr. I. Fukue, MHI

Mr. T. Honma, Toshiba
Mr. D. W. Bahr, GE

Prof. M. Namba, Sojo Uni.
Dr. M. Benzakein, GE

IGTC 5 Panel Discussions

1).1971-Tokyo: “Gas Turbine Development
and Experience in Japan
2) 1977-Tokyo: “Vehicular Gas Turbine”
3) 1983-Tokyo: “Combined Cycle Power
Generation Systems with Use of
High Performance Gas Turbines”
4) 1987-Tokyo: “Operating Experiences of
Combined Cycle Plants”
5) 1991-Yokohama: “Future Role of Gas Turbines for Power Generation
- Energy Saving and Environmental Aspect”
“Efficiency, User Friendliness and Environmental Compatibility
for the Advanced Gas Turbine System of the Next Generation”.
“Gas Turbine Contribution to Environmental Concern”
“Gas Turbines in the future”
“Global Environment Problems, Energy Consumption
and Contribution of Gas Turbine Power Systems”
“COz2 Reduction in Power Plant and Designing
aLow Carbon Society into the Future”
“Trends in Aero Engine Technology Associated with
Environmental Issues an CO2 Reduction (Short term strategy)”

6) 1995-Yokohama:

7) 1999-Kobe :
8) 2003-Funabori :
9) 2007-Shinjuku :

10) 2011-Osaka:
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3.3 Hffi@R% &Plant Tour
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DARY Moo T, MBAIERI0004 1200 AY# % 6l

IGTC 6 Honorary members invited to GTSJ,
acknowledging
their distinguished contributions to IGTC and IAC

X []
v, >

Mr. R. Thomas Sawyer Prof. F. Breugelmans Prof. Dr. Prof. Chen Naixing
o (1979) ) (2004) Ok Yong Yan (2006) (2009)

A A

Prof. Dr.-Ing. Prof. Dr.-Ing. Prof. Dr-Ing.  Dr. David C. Wisler
H. Gallus (2000) M. Rautenberg (2004) D. Bohn (2008) (2011)
. . .
Year 2000 2005 2010
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IGTC 7 1AC: International Advisory Committee

IAC was organized at 61 IGTC, 1995, as an overseas voluntary committee
supporting IGTC and GTSJ activities:

>Call for papers,  »Give critical comments on  »Ideas for the next IGTC
the current IGTC meeting,  scheduling and places

11-Members at 6, 1995 9™ IGTC,2007 and 10" IGTC, 2011

Prof. G. Andrews (UK) Twenty three members are invited from:

Mr.  P. Avran (France) Belgium, China, France, Germany, India, Italy,

Prof. F.A.E. Breugelmans Korea, Russia, Switzerland, UK and USA.
(Belgium)

The names are listed in the Congress Program.
Prof. Cai Ruixian  (China) 17
Prof. H.E.Gallus (Germany)
Prof. M. Kurosaka (USA)
Prof. E. Macchi (Italy)
Prof. M. Rautenberg
(Germany)
Prof. V. Sosonov  (Russia)
Mr. D. Todd (USA)
Prof. Ok Yang (Korea) ommittee meeting, 2003

IGTC 8 Post Congress Plant Tours

7th.1999 at MHI:
G-type 1500°C GTCC

3rd-1983,
at TEPCO - Sodegaura Station:
100MW Reheat Gas Turbine,

(AGTJ 100A in Moonlight Project)

FRLTWd, E MUK, FRETOHIELED KA
y—REN, F7, B, BOEEENDOHE bR
LN TwWb,

SHRWHIZIE, HEFITE TSI YT —E
fi S A, D SE O RESERA R EI R FEHE B 0 R & R
LT&7, [IGTC 8] i, “Moonlight” I IFZEIRN
R 1500CHEGTCCO RFERTH %,

KETIEINS DHEEROBRZ LT 50

4., HRAA—ECEZEROFEHEERI O 27 b
A ALY —¥ & BEEM ORI b A E TR OF R
MR R AR LTS HRCREM S, HE2E6EI
EHRTHIBEEZAIM L W2 D, 20X RERT, —
HOPHTH 5D, FKEOWIEH RLHMH DE ) FiED
WiTZDOWREMNTHI L E LT

4.1 BEERGT, JEFEHKAGT [Industry 1]
WAL 5 2 MoEBEES#HE T, HEEB~onHE
INETIGTASikam S N7z 855 ISk (1991) <Tix, 2
AAERCTZE LT 5NN AV REET N Z @) N>
ry NRWAZMBEWHE L2 TDAL— T L
bR 07 S VRV AV /) *ﬁ%%Lﬂx’ﬁ
AEhsz & MF éntoET N & A
%mﬁ#&&%nfwt#,mmﬁmwgﬁm@wm
RO T FOVATFLAEESHONL T v FEFE

— 5 j—
Download service for the GTSJ mMember of ID , via 216.73.216.204, 2025/07/04.

Industry 1 Automotive GT,
Emergency Pump Driver

»Automotive GT was among the main topics at the first and second IGTCs:

% Twin shaft /

GT driven bus': regenerator - 22kW-GT / Battery Hybrid
1962 - 1978. Nissan GT: 200kw cart: 1969, TOYOTA

»Various Small GTs have been applied for drainage pumps to prevent flood:

Drainage pump Drainage pump
driver GT driver GT:
DFL-41 : 2004,
1982, 222kW-

367 kW- vertical shaft
horizontal shaft

HMicB,R 55 0THAS I,
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The Importance of Archival-Quality, Peer-Reviewed Technical
Journals

The Gas Turbine Society of Japan (GTSJ) is one of the world’s
leading technical societies whose members are dedicated to
advancing the state of the art of gas turbine engines and the
associated technology. It was indeed a very high honor for me
to be elected an honorary member of the GTSJ and | extend
my heart-felt congratulations as they celebrate their 40th
anniversary.

The GTSJ provides significant benefits to its members and to
students and participants, especially in the areas of international
networking, technical presentations, educational workshopsand
exhibitor/attendee interactions that occur during conferences.

But one of the society’s most important contributions is
publication of its technical journal. Providing a world-class
resource for original, archival-quality, peer-reviewed technical
papers is a crowning achievement. It provides a forum for
researchers, professors, scientists, engineers and students from
academe, industry and government to create a knowledge
reservoir that provides comprehensive understanding of the
broad spectrum of technology issues that face those in the
gas turbine community. This fosters innovation in the design,
analysis, modeling, testing and performance of gas turbine
engines.

The major features that separate mediocre journals from
excellent ones are: (1) originality, (2) archival quality, (3)
peer-review of papers and (4) a relevant mixture of academic,
industry and government contributions. | would like to discuss
each of these.

Originality. To be world class, the papers a journal provides
its readers must be technically original documents that report
results of significant and archival value to the scientific and
engineering community. This means that the work should
incorporate substantial information not previously published.
Such originality keeps the journal fresh and useful as a resource
for new findings and an inspiration for innovation and future
advancement of these new findings.

Readers are hungry to learn about new discoveries and

Rzt 20124E12H19H
*1 GE Aviation, Retired
davewisler@mac.com

David C. Wisler, PhD, NAE™

Honorary Member, Gas Turbine Society of Japan

Editor, ASME Journal of Turbomachinery
MIT CDIO Engineering Education Initiative

advances in understanding that push forward the frontiers of
science. They are also eager to learn about advancements in
design and manufacturing techniques that make products safer
and more reliable.

It’s the newness, freshness, and originality that make readers
eager to receive your journal.

Under certain circumstances, reviews, collations, or analyses
of information previously published may also be acceptable.

Archival quality. An archive consists of records that have
been selected for permanent or long-term preservation based
on their enduring cultural, historical, evidentiary or technical
value. To be trustworthy and of value, archival papers must
have authenticity, reliability, integrity, and usability and they
must be readily accessible.

The usefulness of having a vast technical reservoir that
documents the discoveries, the advancements in the state-
of-the-art, improved engineering processes, etc. that have
occurred over the decades is of immense value. Such archival
records become a resource for educating new students who
want to enter the field.

Peer review of papers. A peer is your equal. The peer-
review process is at the heart of what is necessary to create
high journal quality. Therefore, reviewers must not only be
selected with great care but must also exercise great care in
conducting the review process.

It is extremely important that the anonymity of each reviewer
be preserved because this allows honest examination and
constructive criticism of the manuscripts submitted for
publication.

Unfortunately, | have found that too often a technical
manuscript is assigned to be reviewed by a technical “peer” of
the author (s), but the “peer” then assigns it to an inexperienced
graduate student or subordinate. This usually occurs because
the “peer” is too busy. Occasionally the “peer” thinks he or
she is providing an opportunity for the student or subordinate
to gain experience in the journal review process. However,
without significant supervision, this degrades the peer-review
process and lowers the value and prestige of the journal.

Reviewing technical papers has both objective and subjective
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elements.

Reviewer objectivity involves unbiased fairness and
scholarship with respect to the subject, the author (s), and
author (s) affiliation, nationality, gender, etc. A journal should
have well-defined standards of scholarship and ethics to which
a reviewer can refer during the review process.

Reviewer subjectivity is often more difficult to harness. It
means thatareviewer’s own personal experience, understanding
of technical issues and success relative to that of the technical
contribution is used in evaluating whether the paper being
reviewed is of journal quality. How well reviewers harness
the perceptions of their stature, understanding, success and
experience relative to that of the author (s) can be difficult. But
reviewers must do this with integrity.

Relevant mixture of Academic, Industry, Government
Contributions.

In my forty years in the gas turbine industry, I have learned
that the thought process, capabilities, focus of work, areas of
technological interest and reward system differ significantly
between academe and industry. In addition, government
brings its own perspective of regulations and issues of national
relevance. While each of these perspectives is important, too
often the various parties don’t always appreciate the value of
these differing perspectives.

Academe tends to focus on the science of gas turbine
technology and whether that area of technology is of personal
interest. Their work tends to be more individually oriented since
graduate students must produce original scientific work for
their theses. This often leads to diving into the technical details
and not stopping until these details are completely understood.
Also, whether an academic’s research papers make journal
publication is critical to their success and promotion.

The academic reward system typically focuses on the number
of publications in archival journals, the amount of research
contract money brought in and the individual’s standing
amongst their peers. The old expression “publish or perish”
does have validity. Fortunately, some university administrators
have started to create a more balanced and diverse reward
system that includes other aspects of academic achievements.

Industry tends to focus on the engineering and business
aspects of gas turbine design and technology. The focus is on
customers and on whether the project or product is worthwhile
to do financially. Their work must be team oriented because
you can accomplish very little in industry by yourself.

In addition, an industry engineer must learn when to stop in
product or process development because there comes a point
when continued investigation and analysis does not lead to
product and process improvement or additional safety and just
drives in unnecessary cost. Whether an engineering product or
process makes it to the production phase, is sold and brings

financial reward are critical to both company success and an
individual’s success and promotion.

The industrial reward system focuses on success in applying
engineering practice skills to achieve a design, product or
process that beats the competition. Publishing papers in archival
journals is often not rewarded and is sometimes discouraged or
prohibited. The old expression “sell your product or perish”
has major validity.

To quote Theodore von Karman, “The scientist discovers that
which exists, the engineer creates that which never was.

Government tends to have an interesting mix of the two worlds
described above while at the same time issuing publically-
funded contracts for research and certain product development,
regulating by law such things as product safety, export control,
tariffs, commerce, etc., and then overseeing the compliance
with the regulations. Government serves both academe and
industry and when functioning properly can serve as a bridge
between the two.

The relevance of the differences in the three entities described
above, especially those between academe and industry, usually
plays out noticeably in the journal peer-review process. I’ve
experienced this too frequently as editor of a major technical
journal.

The academic community views scholarship to be critically
important in creating prestige for the journal. As a consequence,
the filters for their reviews are tuned to the classical research
standards often used in mathematics and physics. Too often
industry contributions for archival journal publication are
viewed as not meeting these classical standards and therefore
not worthy of archival journal publication. This assessment is
made despite the findings being worthy from an engineering
practice viewpoint.

The industrial community views engineering achievements
as relevant for the journal. As a consequence, the filters for
their reviews are tuned to whether authors applied appropriate
engineering practice skills and whether the findings are of
value to industry. This can lead to academic contributions
being judged as not having much practical value.

Clearly a balance of these differing perspectives described
above is needed in order to maintain journal quality. Academic,
industry and government contributions can have excellent
archival value, so journal editors, associate editors, conference
session organizers and reviewers must work together to keep
a balance of perspectives in the process of keeping journal
quality high.

Summary thoughts.

The following quote from ASME technical publications is
especially relevant to summarize my thoughts. ”It is the
responsibility of editors, associate editors, authors, and
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reviewers to maintain high ethical standards relating to the
submittal, review, and publication of manuscripts. These
ethical standards derive from a Society's definition of the
scope of the journal and from the community's perception of
standards of quality for engineering and scientific work, and
its presentation. The observance of high ethical standards is so
vital to the entire engineering and scientific enterprise that a

definition of those standards should be brought to the attention
of all concerned.”

| applaud and congratulate the Gas Turbine Society of Japan
for defining and maintaining high standards for the GTSJ
journal. | encourage them to continue to be leaders in this
regard.
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Congratulatory Message on the 40th Anniversary of GTSJ

On behalf of the International Gas Turbine Institute
(IGTI) of the American Society of Mechanical Engineers
(ASME) , it is our great honor and pleasure to extend our
heartiest congratulations for the Gas Turbine Society of Japan
(GTSJ) on its 40 Anniversary.

Since its invention in the early 20" Century, gas turbine
technology has revolutionized and enhanced virtually all
aspects of the modern society, especially in transportation and
energy conversion. Jet aviation powered by gas turbines has
significantly increased interactions among nations, promoting
trade and bringing people together. Gas turbines have also
contributed greatly to oil and gas exploration as well as
generating electricity all over the world.

GTSJ has been a global leader for the dissemination of
scholarship and innovation in gas turbine technology.
International Gas Turbine Congress (IGTC) has, since 1971,
been the flagship conference of GTSJ, and it has undergone
tremendous growth in both scope and global reach. Thus, at
IGTC 2011 held in Osaka, over 20% of the participants were
from outside Japan.

Collaboration between ASME and GTSJ dates back to 1971
when R. Tom Sawyer participated in the very first IGTC. More
recently, David Wisler, Reza Abhari, and the late Dilip Ballal of
IGTI contributed greatly to bringing IGT1 and GTSJ even closer
together. Since 2003, IGTI has been a collaborating society
for IGTC, and GTSJ has been a participating organization for
Turbo Expo since 2007.

Such close collaboration can be seen in the increasingly
important roles GTSJ members play at IGTI’s annual Turbo
Expo. Between 2007 and 2012, the following changes have
taken place at Turbo Expo. The number of Turbo Expo papers
from Japan has increased significantly from 39 to 53. The
number of registered Japanese participants has almost doubled
from 58 to 104. More importantly, more GTSJ members are
playing leadership roles at Turbo Expo. The number of Session
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Organizers has jumped from 4 to 9, and Turbo Expo 2013 will
feature the first Vanguard Chair from GTSJ.

IGTI has a strong interest in continuing and strengthening
its collaboration with GTSJ. IGTI can contribute to making
IGTC even more international and would welcome more GTSJ
members to play leading roles at Turbo Expo and within IGTI.
Thus, IGTI can continue to connect Japanese gas turbine
community with the global gas turbine community.

As for the future, remarkable global economic progress has
been made recently, especially in Asia and Latin America. In
addition, world-wide growth in population continues unabated.
Consequently, the global demand for energy (especially in
air transportation and electricity) is expected to significantly
increase in the coming decades.

On top of this, the global energy supply is undergoing
transformative changes. Increased environmental concerns
have led to a significant push for renewable energy sources.
On the other hand, the uncertainty regarding nuclear energy
has increased due to the 2011 tsunami in Japan. On the oil
front, substantial additional sources, along with increased
technical and political challenges, have been identified. Finally,
the global gas supply is undergoing a “revolution” with the
introduction of shale gas.

All of these trends pose tremendous challenges as well as
exciting opportunities for those of us associated with gas
turbines, which still provide the highest power density of all
the existing energy systems. To successfully address such
challenges, continued education of engineers and research
to advance the gas turbine technology are critical. In these
regards, GTSJ can continue to play a key role by providing
forums for experts in the field.

In the name of ASME and IGTI, we would like to congratulate
GTSJ on your 40" Anniversary. We also thank GTSJ for your
contributions over the years and look forward to continued
success of GTSJ in the future.
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Blade Metal Temperature (deg.C) 1,000 1,050 1,020
Film Cooling Holes EDM, EDM, Laser,
shaped shaped round
B Cooling Hole Drilling Cost ($/blade) 200 200 100
C Estimated Blade Life (hrs) 8,000 12,000 12,000
Cooling Flow Amount (%) 1.0 0.67 0.77
Required Cooling Effectiveness 0.49 0.39 0.44
D User’s Intended Total Engine Life (hrs) 24,000
E=D/C Required Number of Blade Sets 3 2 2
throughout the engine life
F= Total Blade Manufacturing Costs ($) 60,000 75,000 40,000
[A+B]*E*50 | (50 blades on this rotor)
G Fuel Cost for 24,000 hrs ($) 750,000 502,500 577,500
H=F+G Total Ownership Cost for 24,000 hr 810,000 577,500 617,500
Operation ($)
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Use of Nakazawa Method to Optimise Dovetail Joint Structure in Gas Turbine Compressor

ABSTRACT

SEKIHARA Masaru

PO B 3 Y N,

NAGANO Kouta

To find a way of providing a more reliable dovetail joint structure in a gas turbine compressor, two methods,
experimental design and the Nakazawa method, were investigated.

Specifically, how shape and tolerance as control and errors factors respectively affect the distribution in the structure
was investigated. S-N Ratio and sensitivity was calculated for each evaluated stress by using each shape parameter.
We found that no shape parameter can be used to reduce all stress components.

The Nakazawa method was used to provide multifunctional optimization using multivariate parameters, and the
shape optimization method was developed to minimize the spread between the allowable and the design stress.
Results of an evaluation using an error function show that a -10°smaller 6 is preferred to the basic angle, and a 10%
larger depth is preferred to the basic length, and a width 5% smaller showed a small difference from the basic width.

Key words : Nakazawa method, dovetail, optimization
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Fig. 1. Analysis model of dovetail joint structure.
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el
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H

atcomer [Neckionsie Neck width
stress Shear stress o 9 , Height
[ 11 W
ook tensile
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Shear stress T T Depth
E c D ;
Maximum stress - oot R e
at notch root a
Fig. 2. Schematic image of stress distribution. Fig. 3. Typical dimensions of dovetail.
Table 1. Orthogonal diagram.
Error @) 1 2 3 3 1 2 2 3 1
factors P 1 2 3 2 3 1 3 1 2
? Q 1 2 3 1 2 3 1 2 3
Control factors™ R 1 1 1 2 2 2 3 3 3
No. C D E F G H Casel | Case? | Case3 | Cased4 | Case5 | Case6 | Case7 | Case8 | Case9
Stress | Stress | Stress Stress
11 1-2 13 19
Stress | Stress
2 2 2 2 2 2 2
2-1 22
Stress
3 3 3 3 3 3 3
31
4 1 1 2 2 3 3
5 2 2 3 3 1 1
6 3 3 1 1 2 2
7 1 2 1 3 2 3
8 2 3 2 1 3 1
9 3 1 3 2 1 2
10 1 3 3 2 2 1
u 2 1 1 3 3 2
12 3 2 2 1 1 3
13 1 2 3 1 3 2
14 2 3 1 2 1 3
15 3 1 2 3 2 1
16 1 3 2 3 1 2
17 2 1 3 1 2 3
Stress Stress
181 189

*1 Control factors: L18, *2 Error factors: L9
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Table 2. Control factors.

No. Factor Parameter Level1 Level2 Level 3
1 H Neck width xX10 x1.05 xX11
2 F Height 09 X095 x1
3 G Depth X10 X105 x11
4 C RootR xX10 x1.05 xX11
5 D 0 -10° 5 +0
6 E « -10° +0 +10°
Table 3. Error factors.
No. Factor Parameter Level1 Level2 Level3
1 (6] 0’ 03 +=0 +03
2 P Depth’ -0.06mm +0mm +0.06mm
3 Q Neck width’ 0.05mm +0mm +0.05mm
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Fig. 5 Analysis result of tensile stress.
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Fig. 6 Analysis result of shear stress.
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Table 4. Effect of factors. Error n System Range
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Flow Structure of Wall Jet and Heat Transfer by Square Array of Multi-impinging
Cross-shaped Jet

ABSTRACT

YAMANE Yoshisaburo

MOTOSUKE Masahiro
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YAMAMOTO Makoto
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HONAMI Shinji

JuHli B

Multi-impinging cross-shaped jet is expected to enhance flow mixing owing to the vortex structure of jet shear

layer. The flow structure among adjacent impinging jets on the target surface has been investigated. 3x3 square

arrays of circular and cross-shaped jet were tested at jet diameter Reynolds number of 4,680, normalized nozzle to

impingement distance of 2 and 4, and jet-to-jet spacing 4 and 6. Both flow visualization and measurement of near-

wall flow using micro flow sensor have been conducted. The location of the flow separation on the target surface

and the flow behavior in cross-shaped jets are different from those in circular jets. It has been also found that the

distinguishing flow field with the flow intermittency is induced by the effect of jet shape and the flow interaction

among adjacent impinging jets along the diagonal line. Cross-shaped jets generating these phenomena contribute to

the enhancement of the heat transfer at the intermediate area enclosed by four impinging jets compared with circular

jets at the short injection distance.

Key words : Cross-shaped jet, Flow visualization, Heat transfer, Impinging jet, Micro flow sensor, Flow intermittency
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