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Department of Mechanical Engineering, Tokyo Institute of Technology, Tokyo, Japan 

 

Abstract—In the authors’ previous reports, the theoretical and experimental studies on flow and temperature 

fields in a curved pipe were made under the condition of uniform heat flux.  In the former part of the present 

report, a theoretical analysis is made about temperature field far downstream from the pipe inlet under the 

condition of uniform wall temperature, following the same procedure as in the previous papers.  Nusselt number 

is found to be remarkably affected by a secondary flow due to curvature.  The result shows that in the first-order 

approximation the Nusselt number of heat transfer in a curved pipe does not differ for uniform wall temperature 

or uniform heat flux case, in both laminar and turbulent regions.   

In the latter part, the formulae of Nusselt numbers obtained by the authors’ study are arranged so as to have 

simpler expression for a practical use.   

It is also investigated what temperature should be chosen in calculation of physical properties when these 

Nusselt number formulae are used. 

�Int. J. Heat Mass Transfer, Vol. 10, pp. 681-695 (1967). �	
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(b) Turbulent flow (For gases) 
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���� Minnesota����� Richard J. Goldstein�

     I am pleased to send greetings to the Heat Transfer Society of Japan on the 

occasion of your 50th anniversary.  

     I have had many interactions with Japan’s heat transfer community dating back to 

the mid ‘60’s when I made my first visit to Japan. Since then I have returned many times 

including a stay at the University of Tokyo with a grant from the JSPS. I have also had 

many excellent graduate advisees from Japan, all of whom returned to either teach, or 

work in industry or government labs. 

     My respect for Japanese heat transfer research dates back many years. Recently I re-read (in English 

translation) the elegant, classic and precise 1934 paper on the boiling curve by Shiro Nukiyama. Of course I 

have used many other excellent works by Japanese researchers. I have also been privileged to interact with such 

international luminaries in the thermal sciences as Professors Niichi Nishiwaki, Yoshiro Katto, Yasuo Mori, 

Masaru Hirata and Kenjiro Suzuki. 

     I am honored to send my hearty congratulations on this particular occasion and wish you many more 

years of continued success. 

 

Sincerely, 

 

Richard J. Goldstein
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ª#O.[9]3��ð��ã%��¨�'w��F
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_Ü¹º û Ü'8b;èÕ	B-�ýQþ�

�;�N23�%�'¹º��;�.��U'z�'

dUµ^�X���6� R��23iK��6�

<�Î¹L�¼1>-;7	�&._Q;µ.3

¼�Î¹L>-��¶<�ÝÞ ¼1��¨�ª

�hÒF���ð��Ù�½�2a�����}
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�Reserving publication of the mathematical details of 

this theory to another occasion, we limit ourselves in 

this Note to showing the principles of the method and 

the results.” 
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The Nukiyama Memorial Award 

 

The Nukiyama Memorial Award has been established by the Heat Transfer Society of Japan to 

commemorate outstanding contributions by Shiro Nukiyama as an excellent heat transfer scientist. Nukiyama 

addressed the challenges of the boiling phenomena and published a pioneering paper which clarified these 

phenomena in the form of the Nukiyama curve (boiling curve). This epoch-making work was done in 1930s, when 

heat transfer research was in an early stage and Nukiyama himself was young, under forty years old. The 

Nukiyama Memorial Award shall be bestowed to a scientist under/ about fifty years of age, once every two years 

in the field of Thermal Science and Engineering. 

 

 

Biography: Shiro Nukiyama 

 

Shiro Nukiyama was born in 1896 in Tokyo, Japan. He graduated from Tokyo 

Imperial University, and immediately started his professional career as a Lecturer of 

Tohoku Imperial University (currently Tohoku University). He was appointed 

Associate Professor in 1921. He visited England, Germany, Switzerland and the 

United States in 1922~24. He was appointed Professor in 1926. In subsequent years 

he actively conducted boiling heat transfer research.  

In 1934, Nukiyama published a pioneering paper*) which was entitled “The 

Maximum and Minimum Values of the Heat Q Transmitted from Metal to Boiling Water 

under Atmospheric Pressure”. This paper clarified and provided an overview of the boiling phenomena in the form 

of the Nukiyama Curve (boiling curve). 

In this work, Nukiyama made an excellent experiment using a metallic wire or a metal wire+), in which 

temperature and heat flux are evaluated accurately, and found that the relation between degree of superheating and 

heat flux is not monotonous, and that a maximum heat flux points appears in the nucleate boiling region and a 

minimum heat flux point appears in the film boiling region. He also found the hysteresis behavior that occurs in 

the transition region between the nucleate boiling and film boiling. Furthermore, he suggested that the boiling 

curve can be drawn even in the transition region if the state of the boiling water can be changed quasi-statically.  

This was an epoch-making work which clarified the physics of boiling phenomena first. It has been highly 

appreciated in the international academic world of heat transfer. Also, it has become a guideline to heat transfer 

engineering for the design and control of combustion boilers and/or steam generators, and as such it has laid the 

foundation of modern energy technology. The Nukiyama Curve appears in every textbook of heat transfer today. 

Nukiyama is a great person in the international academic world of heat transfer. 

In 1956 Nukiyama retired from Tohoku University, and was granted the title of Professor Emeritus. He 

served as the President of Heat Transfer Society of Japan in 1963~64. He received the Max Jacob Memorial 

Award in 1968. In 1983, he passed away in Sendai, Japan. 

 

*) : Journal of the Japan Society of Mechanical Engineers, vol. 37, no. 206, pp. 367-374, June 1934. The English 

translation was published twice in International Journal of Heat and Mass Transfer, in vol. 9, pp. 1419-1433, 1966 and 

in vol. 27, pp. 959-970, 1984. 
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Call for Nominations ��The Nukiyama Memorial Award 

 

Sponsored by 

 

The Heat Transfer Society of Japan 

 

The Nukiyama Memorial Award has been established by the Heat Transfer Society of Japan on its 50
th

 

anniversary to commemorate the land-mark contributions by Shiro Nukiyama as an outstanding heat transfer 

scientist. Nukiyama addressed the challenges of the boiling phenomena and published an epoch-making paper, 

which provided an overview of the phenomena in the form of the Nukiyama curve (boiling curve). This 

pioneering work was made in the 1930s, when heat transfer research was in its infancy and Nukiyama himself was 

young: still under forty years old. The Nukiyama Memorial Award shall be bestowed to a scientist, preferably 

under 50 years of age, every two years in the field of Thermal Science and Engineering. 

 

The Award shall be bestowed for outstanding scientific and engineering contributions and eminent achievements 

in the field of Thermal Science and Engineering. These contributions and achievements should yield a deeper 

insight into the relevant phenomena or should yield significant technological advances. In addition to research, the 

recipient should have made outstanding contributions to the field through teaching, design, or a combination of 

such activities. The Award is based on achievement through publications in the field of Thermal Science and 

Engineering, or achievement through the application of Thermal Science and Engineering. Nationality, gender, or 

society membership shall not be considered when evaluating the qualifications of candidates. A candidate must be 

alive at the time of designation as a recipient of the Award. 

 

The Award consists of a plaque, an embossed certificate and an honorarium of 500,000 Japanese Yen. The Award 

is administered by the Board of the Nukiyama Memorial Award. The deadline for accepting nominations for the 

Award is January 31 2012. The Award will be bestowed at the Third International Forum on Heat Transfer 

(IFHT2012) during November 13-15, 2012 in Nagasaki, Japan, where the recipient of the Award will present an 

Award Lecture.  

 

Nominators can obtain further information and download the nomination form from a webpage at 

 

http://www.htsj.or.jp/index.html 

 

Five reference letters from professionals of at least two different countries who are familiar with the contributions 

of the nominee are requested. 

 

Professor Nobuhide Kasagi, Chairperson 

Board of the Nukiyama Memorial Award 

Department of Mechanical Engineering 

The University of Tokyo 

Bunkyo-ku, Tokyo 113-8656, Japan 

Tel. +81-3-5841-6417; Fax. +81-3-5800-6999 

kasagi@thtlab.t.u-tokyo.ac.jp 
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熱流束センサーは、熱エネルギーの移動密度（W/cm2）に比例した直流電圧を出力

します。弊社の製品は米国バージニア工科大学が開発した新しい技術をVatell社で

商品化したもので、大変手軽に高速・高精度で熱流量の測定をすることができます。

特に応答速度の早いこと、センサーからの出力レベルが高いことが特徴で、熱流束

マイクロセンサー（HFM）では、応答速度最高６マイクロ秒を達成しています。

URL E-mail senstech@td6.so-net.ne.jp

〒106-0031 東京都港区西麻布3-24-17  霞ビル4F
TEL: 03-5785-2424  FAX: 03-5785-2323

特 徴

●最高速の応答（約 6μ秒）
●850℃まで外部冷却不要
●低雑音 / 高感度
●熱流束と温度を測定
●伝導、対流、輻射に等感度

使用例

●エンジン内壁の熱伝達状態観察
●ロケットエンジンのトラバース実験
●タービンブレード熱風洞試験
●自動車用エアーバッグ安全性試験
●ジェットエンジンバックファイヤー試験

センサー本体の構造は、薄膜フォイル･ディスクの中心と周囲の温度差を

測定する、差動型熱電対をとなっています。フォイル･ディスクはコンスタンタン

で作られており、銅製の円柱形ヒートシンクに取り付けられています。水冷式

は取付け場所の自由度が高く長時間の測定が可能です。

使用例
●焼却炉・溶鉱炉の熱量測定
●火災実験の際の輻射熱ゲージ
●バーナーなど熱源の校正用基準器
●着火性・燃焼性試験（ISO5657,5658,5660）
●米国連邦航空局のファイヤー･スモークテスト

熱流束マイクロセンサー

ガードン型円形フォイルセンサー

センサーは銅とニッケルのサーモパイルから構成されており、測定対象物

に貼付けて使います。センサーは厚さが0.2mmと薄いので、柔軟性に

富んでおり、直径1インチの円筒形に湾曲させる事が出来ますので、パイプ

などに貼り付けてお使いになるには最適です。

熱流束センサーの校正作業をお引き受けいたします。校正証明書は
米国基準局NISTにトレーサブルです。校正設備の物理的な制約で、
お引き受けできない場合もあります。ご相談ください。

使用例
●電気・電子機器内の発熱・放熱状態測定
●熱交換器の効率測定
●パイプの放熱状況測定

シート状熱流束センサー

熱流束センサー
校正サービス

水冷却型

熱伝導
冷却型
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