
 

 

 
 

1.    ⥴⥴⥴⥴            ゝゝゝゝ 

ᮍ฼⏝࢚ ࢿࣝ ࢠ࣮ ࡢ୍ ࢚⇕ᾏὒ࡟ࡘ ࢿࣝ ࢠ࣮ 㸬ᾏࡿ࠶ࡀ

ὒ ࢿ࢚ ࢠࣝ ࢭ✲࣮◊ ࢱ࣮ࣥ ⇕ᾏὒࡢࡇࡣ࡛ ࢿ࢚ ࢠࣝ ᭷ࡢ࣮

ຠ฼⏝ࢆ┠ⓗࡋ࡚࡜ 㸪ᾏὒ ᗘᕪⓎ㟁(OTEC)ࡀ✲◊ࡢ㐍ࡵ

ࢀ࡚ࡽ 㸬OTECࡿ࠸ ྍ⏝㸪฼ࡣ࡛ ࡀᗘ᭱ ࡢ※⇕࡞⬟ ኱30℃

๓ᚋ㸪ࡓࡲ ᗘᕪ᭱ࡀ ኱25℃࡜㠀ᖖ࡟ᑠ࡟ࡵࡓ࠸ࡉ㸪సື

ὶయࡋ࡚࡜ పἛⅬࣥ࢔ࡢ ࣥ࢔ࡣࡓࡲ࢔ࢽࣔ ΰࡢ㸭Ỉ࢔ࢽࣔ

፹ྜయࢀ࡚ࡽ࠸⏝ࡀ 㸪OTECࡓࡲ㸬ࡿ࠸ ୺せƫࡢ ჾ࡟⵨Ⓨ

ჾ࡜จ⦰ჾࡀࡿ࠶ࡀ㸪ࡽࢀࡇƫࡢ ჾࡣࣉ࡟ ࣮ࣞ ᘧ⇕஺᥮ࢺ

ჾࡀ᥇⏝ࢀ࡚ࡉ ࢁ࡛ࡇ࡜㸬ࡿ࠸ 㸪OTEC ࡣ࡛ࣉ ࣮ࣞ ᘧ⵨ࢺ

Ⓨჾෆ࡛ 30℃๓ᚋࡢ ᾏỈࢆ⇕ࡽ࠿ᅇ཰࡚ࡋ ࣥ࢔ ⵨࢔ࢽࣔ

ẼࢆⓎ⏕ࡏࡉ㸪ࡢࡑ⵨Ẽࢱ࣮ࢆ ࣅ 㸪⵨ࡵࡓࡢࡑ㸬ࡿ㏦ࣥ࡟

Ⓨჾࡿࡅ࠾࡟⇕஺᥮㔞ࡀⓎ㟁ࢡࣝ࢖ࢧ 㔜ࡿࡍỴᐃࢆ⋠ຠࡢ

せࢱ࣮ࢡ࢓ࣇ࡞ ࡢ୍ ࡗ࡚࡞࡜ࡘ ࢡࣝ࢖ࢧ㸬Ⓨ㟁ࡿ࠸ ຠ⋡ࡢ

ྥ సືࡿࡅ࠾࡟㸪⵨Ⓨჾࡣୖ࡟ ὶయࡢἛ㦐⇕ఏ㐩ࡢ≉ᛶࢆ

ゎ 㔜せࡀ࡜ࡇࡿࡍ᫂ ࣥ࢔㸬ࡿ࠶࡛ ࣥ࢔ࡣࡓࡲ࢔ࢽࣔ ࢔ࢽࣔ

㸭Ỉࡓࣉ࠸⏝ࢆ ࣮ࣞ Ἓࡸᐃ ࡢ⋠Ἓ㦐⇕ఏ㐩ࡢ⵨Ⓨჾෆࢺ

㦐 ┦β࠸࡚ࡘ࡟ ࠸ࡘ࡟✲◊ࡿࡍ㛵࡟ほᐹࡢ ࡛ࡲࢀࡇ㸪ࡣ࡚

ࢭᙜࣥ࡟ ࢱ࣮ ࡢ᷸ 㒊(2) (1)ࡽ㸪᭷㤿(3)ࡽ
 㸪ᒸᮏࡿࡼ࡟(4)ࡽሗ࿌㸪

ᾏእ࡛ࡓࡲ (5)ࡽDjordjevicࡣ
㸬᷸ࡿ࠶ࡀሗ࿌ࡿࡼ࡟  㒊(2) (1)ࡽ

ࣉࣛ⏝ᐇ㦂ࡢ㸪ᑠ ᗘᕪⓎ㟁ࡣ ࡓ࣊ࢀࡉ⨨タ࡟ࢺࣥ ࣜࣥ ࣎

࣮ࣥ ࢖ࣉࢱ ࡢࣉ ࣮ࣞ ࠸࡚⏝ࢆᘧ⵨Ⓨჾࢺ 㸪ࣥ࢔ ࡢỈ/࢔ࢽࣔ
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The experimental study has been performed for the heat transfer enhancement in ammonia on this new 

plate evaporator which treated the surface on the micro groove. The micro groove is depth of 30 micro meters 

and width of 200 micro meters. The local boiling heat transfers were measured on the evaporator surface using 

10-thermocouples inside evaporator. For comparison of the heat transfer characteristic of the evaporator, the 

local boiling heat transfer coefficient on a flat surface and two micro grooved surface which have vertical and 

horizontal directions to ammonia flow, were measured in a range of mass flux (2 - 7.5 kg/m
2
 s), heat flux (10 - 

20kW/m
2
), and saturation pressure (0.7 - 0.9 MPa).  

The result shows that, the local boiling heat transfer coefficient increased with an increase mass flux, 

averaged heat flux and vapor quality in all surface conditions. The heat transfer coefficient of horizontal and 

vertical micro grooved surface was larger than that of flat surface. Especially, the horizontal micro grooved 

surface had best heat transfer coefficient. In case of low vapor quality which was in nucleate boiling region, the 

heat transfer coefficient of horizontal and vertical surfaces showed large increment from that of flat surface. 

However, in case of high vapor quality which was added the slightly effect of convective boiling, the heat 

transfer of vertical surface showed small increment from that of flat surface though that of horizontal surface 

showed large increment.  
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2 

ᖹᆒ⵨Ⓨ⇕ఏ㐩࠸࡚ࡘ࡟  ᐃ࡜࠺⾜ࢆඹ࡟㸪ఏ⇕㠃ᙧ≧ࡢ

㐪ࡿࡼ࡟࠸Ἓ㦐≉ᛶ᫂ࢆ ࡋ࡚࡟࠿ࡽ ᒸ࡜(3)ࡽ᭷㤿ࡓࡲ㸬ࡿ࠸

ᮏࡣ(4)ࡽ㸪ᖹ⁥㠃ࢆᣢࡘࣉ ࣮ࣞ ࠸࡚࠾࡟ᘧ⵨Ⓨჾࢺ 㸪ࣥ࢔ ࣔ

ࣥ࢔ࡧࡼ࠾࢔ࢽ ࣥ࢔) Ỉ/࢔ࢽࣔ ⃰࢔ࢽࣔ ᗘ ࡿࡅ࠾࡟ (90%

ᒁᡤἛ㦐⇕ఏ㐩ࡢ ᐃྍ࡜ ど໬ࡿࡼ࡟Ἓ㦐 ┦βࡢほᐹࢆ⾜

⇕ࡿࡼ࡟࠸㐪ࡢ㉁㔞ὶ᮰㸪⇕ὶ᮰㸪㣬࿴ᅽຊࢀࡒࢀࡑ㸪࠸

ఏ㐩ࡢ࡬ᙳ㡪࠸࡚ࡘ࡟ ㄪᰝࡗ࡚⾜ࢆ 㸬୍ࡿ࠸ ᪉㸪Djordjevic

(5)ࡽ
ࢩ࢙ࡢ㸪ᕷ㈍ࡣ  ࣈࣟ ࢖ࣉࢱࣥ ࡢࣉ ࣮ࣞ ࢆᘧ⇕஺᥮ჾࢺ

ࣥ࢔ࡓ࠸⏝ 㸪ఏ⇕㠃࠸⾜ࢆᐃ ࡢᒁᡤἛ㦐⇕ఏ㐩ࡢ࢔ࢽࣔ

ࢩࡢୖ ࣥࣟࣈ࢙ ゅࡢ㐪ࡿࡼ࡟࠸⇕ఏ㐩ࡢẚ㍑ࡗ࡚⾜ࢆ  㸬ࡿ࠸

ࢁ࡛ࡇ࡜ OTECࡢⓎ㟁ࢡࣝ࢖ࢧ ࡢྥ ࠾࡟㸪⵨Ⓨჾࡣୖ࡟

సࡿࡅ ὶືయࡢἛ㦐⇕ఏ㐩ࡢ≉ᛶࢆゎ 㔜せ࡛ࡀ࡜ࡇࡿࡍ᫂

ࡢ⬟ఏ⇕ᛶࡢࡢࡶࡢࡑ⵨Ⓨჾ࡟ࡽࡉ㸪ࡀࡓ࡭㏙ࡣ࡜ࡇࡿ࠶

ྥ ᚲせ୙ྍࡶୖ Ḟ࡛ 㸬ࡿ࠶ β࡞ࠎ⇕஺᥮ჾࡢఏ⇕ᛶ⬟ྥࡢ

㸪ᩘࡣୖ࡟ ከࡢࡃ᪉ἲࡀᥦ᱌(6)ࢀ࡚ࡉ ࣥ࢔㸪ࡀࡿ࠸ ⏝࢔ࢽࣔ

ࣉࣞࡢ ⇕ఏࡢᘧ⵨Ⓨჾࢺ࣮ 㐍ಁࢆ┠ⓗࡣ✲◊ࡓࡋ࡜㸪ụୖ

(7)ࡽ
ࡳ࡛ࡢሗ࿌ࡢ๓ሗ(8)࡜  㸬ụୖࡿ࠶ ࣥ࢔ࡣ(7)ࡽ ෭෾࢔ࢽࣔ

ࢡ࢖ࢧ ࢀࡉ⏝౑ࣝ࡟ ࣜ࣊ࡿ࠸࡚ ࣮ࣥ࣎ ࢖ࣉࢱࣥ ⇕ࣉఏࡢ ࣞ

ࡓࣉࡋ᪋ࢆ㔠ᒓ⁐ᑕ࡟ࢀࡑ࡜ࢺ࣮ ࣮ࣞ ࡋẚ㍑࡚ࢆࢺ 㸪Ἓ㦐

⇕ఏ㐩ಁࡢ 㐍࡚࠸ࡘ࡟ ウ᳨ࡿ࠸࡚ࡗ⾜ࢆ㸬୍᪉㸪๓ሗ (8)࡛

ࣔࣥ࢔㸪ࡣ ୰࡛ࡢἛ㦐⇕ఏ㐩ࡿࡼ࡟ᙉไᑐὶࡢ࢔ࢽ ᰾Ἓࡶ

㦐ᇦࡿࡅ࠾࡟ఏ⇕ಁ 㐍࡟ὀ┠ࡋ㸪ఏ⇕㠃ୖ ̀̔࡟ ࡉ 30µmࡢ

ᚤ⣽࡞▴ᙧพฝࢆຍᕤࡗࡼ࡟࡜ࡇࡿࡍ ே࡚ᕤⓗ࡟ⓎἻⅬࢆ

ቑࡋࡸ㸪ᖹ⁥㠃ࡢࡽ࠿ఏ⇕ 㐍ಁ᳨࡚࠸ࡘ࡟ ウࡓࡋ㸬ࡢࡑ⤖

ᯝ㸪⣙10 ~ 40%ࡢ⇕ఏ㐩ࡢቑຍࡀᚓࢆ᫂࡜ࡇࡿࢀࡽ ࡟࠿ࡽ

๓ሗ(8)ࡋ࠿ࡋ㸬ࡓࡋ ࡢᙧพฝྥ▴࡞㸪ᚤ⣽ࡣ࡛ సືࢆࡁ ὶయ

ࡢྥࢀὶࡢ ࡋᑐ࡟ࡁ ┤࡚஺࡟࠺ࡼࡿࡍタ⨨࡚ࡋ  ᐃࡢࡓࡋ

ࡳ 㸪࡛సື ὶయࡢὶࡢྥࢀ ࡢᙧพฝྥ▴ࡿࡍᑐ࡟ࡁ ᙳࡢࡁ

㡪࠸࡚ࡘ࡟ ࡢ᳨ ウࢀࢃ⾜ࡀ ࡇࡑ㸬ࡓࡗ࠿࡞࠸࡚ 㸪࡛ᮏሗ࡛

ࡢᙧพฝ▴࡞ᚤ⣽ࡢࡇ㸪ࡣ ࡋ࡚┠ὀ࡟ࡁྥ 㸪స ὶືయࡢὶ

ࡋᑐ࡚࡟ࢀ ୪⾜ࡿࡍఏ⇕㠃ࢆ᪂࡟ࡓసᡂࡋ㸪Ἓ㦐⇕ఏ㐩࡬

࠸࡚ࡘ࡟ᙳ㡪ࡢ ウ᳨ࡓࡗ⾜ࢆ㸬 

 

2.    ୺୺୺୺    せせせせ    ググググ    ྕྕྕྕ 

G 㸸㉁㔞ὶ᮰ [kg/m2s] 
h 㸸⇕ఏ㐩⋡ [W/m2K] 
i 㸸ᒁᡤ࢚ࣥࣆࣝࢱ  ࣮ [J/kg] 
ifg 㸸⵨Ⓨ₯⇕ [J/kg] 
isat.liq 㸸㣬࿴ᾮࣆࣝࢱ࢚ࣥࡢ  ࣮ [J/kg] 
k 㸸⇕ఏᑟ⋡ [W/mK] 
li 㸸⇕㟁ᑐ㛫ࡢ㊥㞳 [m] 
Psat 㸸㣬࿴⵨Ẽᅽ㸦⤯ᑐᅽຊ㸧 [Pa] 
qav 㸸ᖹᆒ⇕ὶ᮰ [W/m2] 
rc 㸸⮫⏺ẼἻ༙ᚄ [m] 
Ti 㸸⇕㟁ᑐࡢ ᐃ ᗘ [℃] 
Tsat 㸸సືὶయࡢ㣬࿴ ᗘ [℃] 
Twall 㸸ࢺ࣮ࣞࣉቨ㠃 ᗘ [℃] 

w 㸸ὶ㊰ᖜ [m] 
x 㸸⇕ᖹ⾮஝ࡁᗘ [-] 

δ 㸸ὶ㊰㧗ࡉ [m] 

 

3.    ᐇ㦂⿦⨨ᐇ㦂⿦⨨ᐇ㦂⿦⨨ᐇ㦂⿦⨨ࡧࡼ࠾ࡧࡼ࠾ࡧࡼ࠾ࡧࡼ࠾ᐇ㦂᪉ἲᐇ㦂᪉ἲᐇ㦂᪉ἲᐇ㦂᪉ἲ 

3࣭࣭࣭࣭ 1    ᐇ㦂⿦⨨ᐇ㦂⿦⨨ᐇ㦂⿦⨨ᐇ㦂⿦⨨        ᐇ㦂⿦⨨ࡢᴫ␎ᅗࢆFig. 1ࡍ♧࡟㸬ᐇ

㦂⿦⨨ࡣ๓ሗ(8)ࡢᐇ㦂⿦⨨ྠ࡜ ୍࡛ 㸪⵨Ⓨჾ (ࢺࣉࢫࢸ ࣮ࣞ

㸪ࣉ㸪จ⦰ჾ(ࢺ ࣄ࣮ࣞ ࢱ࣮ 㸪ࢡ࣮ࣈࢧ ࣮ࣛ 㸪సື ὶయ࣏ ࣥ

㸪సࣉ ὶືయࢱ 㸪 Ỉࢡࣥ ෭࣭Ỉ౪⤥⿦⨨࡛ɔ ᡂࢀ࡚ࡉ ࠸

సືࡣ⨨㸪⿦ࡓࡲ㸬ࡿ ὶయ⣔㸪 Ỉ⣔㸪෭Ỉ⣔ࡢ ᚠࡢࡘ3

⎔⣔࡟ศࡿࢀࡽࡅ㸬 

ࣔࣥ࢔ సࡣ࢔ࢽ ὶືయ⣔࠸࡚࠾࡟ 㸪ࣉ ࣄࣞ ࢱ࣮ 㸪࣮ࢫࢸ

ࣉࣞࢺ 㸪จ⦰ჾ㸪సືࢺ࣮ ὶయࢱ ࣮ࣛࢡࣈࢧ㸪ࢡࣥ 㡰ࡢ࣮

ࡋ࡚⎔ᚠ࡟  㸬ࡿ࠸

 Ỉ⣔ࡢỈࡣ㸪 Ỉࣥࢱ ෆ࡛ࢡ 2kWࡢᢞࡆ㎸ࣄ࣮ࡳ ࢱ࣮

࡛ຍ ࢀࡉ ᗘㄪᩚ ࡣࣉ㸬 Ỉࡓࡋ⏝౑ࢆỈࡓࢀࡉ ࣮ࣄࣞ

ࢱ࣮ 㸪సືࢀࡽ㏦࡟ ὶయࡢ஝ࡁᗘㄪᩚ 㸬୍ࡿࢀࡉ⏝౑࡟ ᪉㸪

෭Ỉ⣔ࡢỈࡣ㸪෭෾ᶵ࡛ ෭ ᗘㄪᩚ ࢀࡉ༷ ⏝౑ࢆỈࡓࢀࡉ

㸪จ⦰ჾ㸪సࡣ㸬෭Ỉࡓࡋ ὶືయࣥࢱ ࢡ࣮ࣈࢧ㸪ࢡ ࣮ࣛ ࡟

㏦ࢀࡽ㸪స ὶືయࡢ෭༷ ࡿࡍᐃ ࢆ㸬≧ែ㔞ࡿࢀࡉ⏝౑࡟

㸪㉁㔞ὶ㔞㸪య✚ὶ㔞㸪ᅽຊ㸪ࡣ࡟ᚠ⎔⣔ࡢࢀࡒࢀࡑ࡟ࡵࡓ

 ᗘࣥࢭ ࢧ࣮  㸬ࡓࡋ⨨タࢆ

స ὶືయࡢ㉁㔞ὶ㔞 ᐃࢥࣜࡣ࡟ ࢜ࣜ ᘧ㉁㔞ὶ㔞ィ㸦࢚

ࢻࣥࣞ ࣁ࢘ࢫ ࢨ࣮ 〇 PROMASS 83A ⢭ᗘ ± 0.1%௨ෆ㸧㸪

 ࣭෭Ỉࡢయ✚ὶ㔞 ᐃࡣ࡟㟁☢ὶ㔞ィ㸦࣮࢚࢟ࣥࢫ〇 

FD-M, FD-Pࣜࢩ ࢲࡣ࡟㸪 ᐃ⢭ᗘ ± 1.6%㸧㸪ᅽຊ ᐃࢬ࣮

ࣇࣛ࢔࢖ ᘧ࣒ᅽຊࣥࢭ ࢧ࣮ 㸦ᶓἙ㟁ƫ 〇 FP101㸪 ᐃ⠊ᅖ

0 ~ 2MPa㸪 ᐃ⢭ᗘ ± 0.25%㸧㸪సື ὶయ࡜ ࣭ ෭Ỉࡢ ᗘ

 ᐃࡣ࡟㸪Kᆺ࣮ࢩ ࢡ㟁ᑐ㸦ᯘ㟁ᕤ〇 ST6㸪ࣛ⇕ࢫ ࢫ 1㸪

ㄗᕪ ±1.5℃㸧ࢆ౑⏝ࡓࡋ㸬ࡢࡽࢀࡇ ᐃ್ ඲࡚ࡣ ࣐ࣝ ࢳ࣓

ࢱ࣮࣮ ࢹ࣮ࡢࡑ㸪ࢀࡽࡵ㞟࡟ PCࢆࢱ ㄞ࡛ࡳ㎸࡛࡜ࡇࡴ ≧ែ

Ⅼ࡜♧⾲ࡢグ㘓ࡓࡗ⾜ࢆ㸬࠾࡞㸪⇕㟁ᑐ࣐ࣝࡢ ࢳ࣓ ࣮ࢱ࣮

ࡓ࠸⏝ࢆᜏ ᵴࡵࡌ࠿ࡽ࠶㸪ࡣᐃㄗᕪ ࡿࡼ࡟ ᐃ᳨ࡗ⾜ࢆ

s0.1oC௨ෆ࡛ࡵࡓࡓ  㸬ࡿ࠶

Fig. 2ࢺࣉࢫࢸ࡟ ࣮ࣞ ࢺࣉࢫࢸ㸬ࡍ♧ࢆᴫ␎ᅗࡢࢺ ࣮ࣞ ࢺ

⇕ࣉ㸪ఏࡣ ࣮ࣞ  (370mm�ᖜ220mmࡉ㧗) ⵹ࡢ㸪SUS304〇ࢺ

ࢫ࣌ࡢSUS304〇࡜ ࢧ࣮࣮  (ཌ2ࡉmm) ࡛ɔ ᡂࢀ࡚ࡉ  㸬ࡿ࠸

࣮ࣞࣉ ࣉ㸪ࣞࡣᗘศᕸ ࡢෆ㒊ࢺ 㧗ࡓࡅ㛤ࡽ࠿ഃ㠃ࢺ࣮

᪉ྥࡉ 5⟠ᡤ㸪ᖜ᪉ྥ 2⟠ᡤ㸪ྜ ィ10⟠ᡤࡢᶓ✰࡟Kᆺࢩ

ࡋᤄධࢆ㟁ᑐ⇕ࢫ࣮  ࡚ᐃࡓࡋ㸬ᖜ᪉ ࡣ㛫㝸ࡢ㟁ᑐ⇕ࡢྥ

ྛ40mm, 㧗ࡉ᪉ྥ   㸬ࡿ࠶59mm࡛ࡣ

ఏ⇕ࡣࢺ࣮ࣞࣉ㸪100V-1050W ࣮ࢱ࣮ࣄ〇࣑ࣝ࢔ࡢ

ࣟࣈ࣮ࢱ࣮ࣄ〇࣑ࣝ࢔㸬ࡓࡋ⇕ຍࡾࡼ㠃⫼࡛ࢡࢵࣟࣈ

ᖜࡣࢡࢵ 100mm㸪㧗ࡉ 250mm㸪ཌࡉ 20mm࣑ࣝ࢔ࡢ

〇࡜ࢡࢵࣟࣈ㸪150Wࢡࢵ࣑ࣛࢭࡢ〇࣮࢝ࣄࢪࢵࣜࢺ 
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Fig. 1 Schematic of experimental apparatus 
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Fig. 2 Assembly of test plate 

 

7࣮ࢱ࣮ ᮏ࡛ᵓᡂࡿ࠸࡚ࢀࡉ㸬ࡓࡲ㸪࣮ࢱ࣮ࣄ⫼㠃

ฟ࣮ࢱ࣮ࣄ㸬ࡓࡋ ಖ࡚ࡗࡼ࡟ᮦ⇕᩿ࡣ࿘ᅖࡧࡼ࠾

ຊࡣ㸪ࡢࢡࢵࢲ࢖ࣛࢫ㟁ᅽฟຊྍࢆኚ࡛࡜ࡇࡿࡏࡉ

ㄪᩚࡓࡋ㸬 

♧࡟ 㸪Fig. 3ࡣసືὶయὶ㊰ࡢෆࢺ࣮ࣞࣉࢺࢫࢸ

ᙧὶ㊰▴ࡢ2 mm (δ) ࡉᖜ (w) 100mm㸪㧗࡟࠺ࡼࡍ

ࣇ࡜ฝ㒊ࡢࢺ࣮ࣞࣉ⇕㸪ఏࡣᙧὶ㊰▴ࡢࡇ㸬ࡿ࠶࡛

 㸬ࡿ࠸࡚ࢀࡉᵓᡂ࡛࡜ࡇࡿࡏࢃྜࡵࡣࢆพ㒊ࡢ࣒࣮ࣞ

Fig. 2ࡢ෇Bࡓࡋ♧࡟⇕㟁ᑐ㓄⨨ࡢヲ⣽ᅗࢆFig. 4࡟♧

T2, ⇕㟁ᑐ㛫ࢆT1, సືὶయഃࢆ㟁ᑐ⇕ࡢഃ࣮ࢱ࣮ࣄ㸬ࡍ

ࢆ㊥㞳ࡢ l1, T2ࡽ࠿ఏ⇕㠃⾲㠃ࡢ࡛ࡲ㊥㞳ࢆ l2ࡃ⨨࡜㸬 

 

2

 

 

Fig. 3 Cross sectional view of test plate 

(A-A’ cross section of Fig. 2) 



 

4 

 

T2 T1
Twall

Ti Thin plate 

Ti base plate 

Solder
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l3 = S1, S3: 0.07, S2: 0.06.

l1 = 40

l2 = 5.02
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Fig. 4 Configuration of thermocouples inside test plate 

(Detail of circle “B” area of Fig. 2) 

 

3࣭࣭࣭࣭2    ఏ⇕ఏ⇕ఏ⇕ఏ⇕ࢺ࣮ࣞࣉࢺ࣮ࣞࣉࢺ࣮ࣞࣉࢺ࣮ࣞࣉ        ᮏᐇ㦂࡛ࡣ㸪ᚤ⣽พฝࡢ᭷↓

㸪ࡵࡓ࠺⾜ࢆẚ㍑ࡢἛ㦐⇕ఏ㐩ࡿࡼ࡟࠸㐪ࡢࡁྥࡢพฝ࡜

Fig. 53ࡍ♧࡟✀㢮ࡢఏ⇕ࡓ࠸⏝ࢆࢺ࣮ࣞࣉ㸬ẚ㍑࠸⏝࡟

ࡓ 3 ✀㢮ࡢఏ⇕ࣥࢱࢳࡶࢀࡎ࠸ࡣࢺ࣮ࣞࣉ〇 (௨ୗ Ti) 

ᖜ220mm, 㧗ࡀ㸪እᑍࡶࢺ࣮ࣞࣉ⇕ఏࡢࢀࡎ࠸㸬ࡿ࠶࡛

250mmࡉᖜ100mm㸪㧗ࡀ50mm㸪ఏ⇕㠃ࡉ370mm㸪ཌࡉ

ࡢ0.4mmࡉཌࡣࢺ࣮ࣞࣉ⇕㸪ఏࡓࡲ㸬ࡿ࠸࡚ࢀࡉ୍⤫࡛

Ti〇ⷧᯈ࡜Ti〇ྎᗙ࡛ᵓᡂࡿ࠸࡚ࢀࡉ㸬(a) ~ (c)ࡢఏ⇕

ࡉຍᕤ࡟ᚤ⣽พฝ㠃࡜㸪ᖹ⁥㠃ࡣ࡟Ti〇ྎᗙࡢࢺ࣮ࣞࣉ

㸬(a) ~ (c)ࡿ࠸࡚ࢀࡉᅛᐃ࡚ࡗࡼ࡟ࡅ௜࢘ࣟࡀTiⷧᯈࡓࢀ

 㸬ࡍ♧࡟௨ୗ࡚࠸ࡘ࡟ヲ⣽࡜⛠ྡࡢ

 

(a) ᖹ⁥㠃 (௨ୗS1) : ᖹᆒ⢒0.6ࡉ µm࡛㙾㠃ຍᕤ 

(b) ⦪⁁ᚤ⣽พฝ㠃 (௨ୗS2) : సືὶయὶࢀ᪉ྥ࡟ᑐࡋ

࡚ᖹ⾜ࢆ⁁࡞㓄⨨ 

(c) ᶓ⁁ᚤ⣽พฝ㠃 (௨ୗS3) : సືὶయὶࢀ᪉ྥ࡟ᑐࡋ

࡚┤஺ࢆ⁁ࡿࡍ㓄⨨ 

 

Fig. 6࡟ (b), (c) ࡢ⁁ࡢᙧ≧ࡍ♧࡚࠸ࡘ࡟㸬ᚤ⣽พฝ㠃

ࡣ Ti 〇ⷧᯈ⾲㠃ࡾࡼ࡟ࢢࣥࢳࢵ࢚ࢆຍᕤ࠶࡛ࡢࡶࡓࡋ

 ,พ㒊ᖜ200µmࡣᑍἲࡢ㸪พฝ࡟࠺ࡼࡍ♧࡟ 㸬Fig. 6 (b)ࡿ

ฝ㒊ᖜ 100µm, ῝ࡉ 30µm࡛ࡿ࠶㸬࠾࡞㸪พฝࡢฝ㒊ࡢ

ᖹᆒ⾲㠃⢒0.6ࡣࡉ µm㸪พ㒊5ࡣ µm࡛ࡿ࠶㸬 

 

3࣭࣭࣭࣭3    ᐇ㦂ᐇ㦂ᐇ㦂ᐇ㦂᪉ἲ᪉ἲ᪉ἲ᪉ἲ 

3.3.1    ⇕ఏ㐩ಀᩘ⇕ఏ㐩ಀᩘ⇕ఏ㐩ಀᩘ⇕ఏ㐩ಀᩘࡢࡢࡢࡢィ⟬ィ⟬ィ⟬ィ⟬  ఏ⇕ࢺ࣮ࣞࣉෆ㒊ྛࡢ 

ᐃ఩⨨࡛ࡢ⇕ὶ᮰qࡣ㸪Fig. 4ࡓࡋ♧࡟⇕㟁ᑐࡢ ᗘT1㸪

T2ࡢࡽࢀࡑ࡜㊥㞳 l1㸪ఏ⇕ࡢࢺ࣮ࣞࣉ⇕ఏᑟ⋡ k୍ࡽ࠿

ḟඖᐃᖖ⇕ఏᑟࢆ௬ᐃ࡚ࡋḟᘧ࡛᥎ᐃࡓࡋ㸬  

 

1

21

l

TT
kq

−
=                                   (1) 

 

㠃 ᗘ⾲ࢺ࣮ࣞࣉࡢసືὶయഃࡓࡲ Twall 㸪ᘧ(1)ࡣ

 㸬ࡓࡵ㸪ḟᘧ࡛ồ࡛࡜ࡇࡿࡍእᤄࢆ

 

k

ql
TTwall

2
2 −=                               (2) 

 

సືὶయྛࡢ ᐃ఩⨨࡛ࡢ⇕ఏ㐩ಀᩘhࡣ㸪ࡢࡑ఩⨨

㸪ࣉὶ᮰⇕ࡢᒁᡤࡢ࡛ 㣬࿴ ᗘTsat࡜㠃 ᗘTwall⾲ࢺ࣮ࣞ

 㸬ࡓࡵồࡽ࠿ḟᘧ࡚࠸⏝ࢆ

 

)( satwall TT

q
h

−
=                               (3) 

 

㸪㣬࿴ ᗘ࠾࡞ Tsat ࢆᅽຊࡢධཱྀࢺ࣮ࣞࣉࢺࢫࢸࡣ

㣬࿴ᅽຊ Psatࡋ࡜㸪ࡢࡑ᫬ࡢ㣬࿴ ᗘࢆ୚ࡓ࠼㸬 

 

3.3.2    ⇕ᖹ⾮஝⇕ᖹ⾮஝⇕ᖹ⾮஝⇕ᖹ⾮஝ࡁࡁࡁࡁᗘᗘᗘᗘࡢࡢࡢࡢィ⟬ィ⟬ィ⟬ィ⟬  ఏ⇕ࢺ࣮ࣞࣉෆ㒊ྛࡢ

 ᐃ఩⨨࡛ࡢ⇕ᖹ⾮஝ࡁᗘx (௨ୗ㸪஝ࡁᗘ) ࡣ㸪ḟᘧ࡛

ồࡓࡵ㸬 

 

fg

liq,sat

i

ii
x

−
=                                    (4) 

 

࡜㸪isat.liq࣮ࣆࣝࢱ࢚ࣥࡢ࡛⨨఩ྛࡣ㸪i࡛ࡇࡇ ifgࣉࡣ㸪

₯⵨Ⓨ࡜࣮ࣆࣝࢱ࢚ࣥࡢ㣬࿴ᾮࡿࡅ࠾ᅽຊࡢධཱྀࢺ࣮ࣞ

ࣆࣝࢱ࢚ࣥࡢ࡛⨨㸪ྛ఩࠾࡞㸬ࡿ࠶࡛⇕ i࣮ࡣ㸪๓ሗ(8)࡜

ࡣ࡟⟭ィࡢ㸪ྛ≀ᛶࡓࡲ㸬ࡓࡵ᪉ἲ࡛ồࡌྠ

P-PROPATH
 㸬ࡓࡋ⏝౑ࢆ(9)

 

3࣭࣭࣭࣭ 4    ᐇ㦂᮲௳ᐇ㦂᮲௳ᐇ㦂᮲௳ᐇ㦂᮲௳        ᐇ㦂᮲௳ࢆTable 1ࡍ♧࡟㸬ྛ ᐇ㦂

ㄆᚋ㸪☜ࢆᐃᖖ≧ែࡢ㣬࿴ᅽຊࡧࡼ࠾ὶ㔞ࡢసືὶయࡣ࡛

ᐇ㦂5ࢆࢱ࣮ࢹ⛊㛫㝸࡛2ศ㛫᥇ྲྀࡋ㸪ࢆ್ࡢࡑᖹᆒࡋ

 㸬ࡓ࠸⏝࡚ࡋ࡜ᐃ್ ࢆ್ࡓ
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(a) 

  

(b) 

 
 

(c) 

 
 

 (i) General view (ii) Side view 

Fig. 5 Photographs of three test heat transfer plates 

(a) S1: Flat surface, (b) S2: Vertical grooved surface, (c) S3: Horizontal grooved surface 

 

 

Fig. 6 Detail of S2 and S3 plate surface 

 

 

 

 

Table 1 Experimental Conditions 

Working fluid Pure ammonia 

Plate surface 

S1: Flat surface 

S2: Vertical grooved surface 

S3: Horizontal grooved surface 

Plate substance Titanium 

Mass flux G [kg/ m2s] 2, 5, 7.5 

Average heat flux 

qav [kW/ m
2
] 

10, 15, 20 

Saturation pressure 

Psat [MPa] 
0.7, 0.8, 0.9 

 

 

Ti thin grooved plate 

Ti base 

Ti thin flat surface 

Ti base 

Ti base 

Ti thin grooved plate 

250 

100 
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4.    ᐇ㦂⤖ᯝᐇ㦂⤖ᯝᐇ㦂⤖ᯝᐇ㦂⤖ᯝࡧࡼ࠾ࡧࡼ࠾ࡧࡼ࠾ࡧࡼ࠾⪃ᐹ⪃ᐹ⪃ᐹ⪃ᐹ 

4࣭࣭࣭࣭ 1    Ἓ㦐᭤⥺Ἓ㦐᭤⥺Ἓ㦐᭤⥺Ἓ㦐᭤⥺    Fig. 7 (a) ࡧࡼ࠾ (b) ࡟㸪㉁㔞ὶ᮰

ࡧࡼ࠾G = 5ࡀ 7.5 kg/m2sࡢሙྜࡿࡅ࠾࡟㸪㣬࿴⵨Ẽᅽ

୍ᐃࡢ᮲௳࡛⇕ὶ᮰ࢆኚ໬ࡓࡏࡉሙྜࡢἛ㦐᭤⥺ࢆ♧

 ᗘ (x = 0.2)ࡁప஝ࡿࡅ࠾࡟㸪S1 ~ S3ࡣ࡟⥺㸬Ἓ㦐᭤ࡍ

ࡋグࢀࡒࢀࡑࢆ್ࡢሙྜࡢ ᗘ (x = 0.7)ࡁ㧗஝ࡧࡼ࠾

ࣥ࢔ࡿࡅ࠾࡟ᖹ⁥㠃㸪⁐ᑕ㠃ࡿࡼ࡟(10)ࡽ᭷㤿ࡓࡲ㸬ࡓ

 Ἓ㦐᭤⥺ (Psat = 0.7MPa)ࡢ᰾Ἓ㦐ᐇ㦂࣮ࣝࣉ࢔ࢽࣔ

 㸬ࡓࡋグ࡚ࡏేࡶ

Fig. 7 (a) ࡓࡋ♧࡟G = 5 kg/m
2
sࡿࡅ࠾࡟Ἓ㦐᭤⥺࡛

᰾Ἓ࣮ࣝࣉࡢ(10)ࡽ㸪᭷㤿ࡀ㐣⇕ᗘࡢᗘࡁప஝ࡢ㸪S1ࡣ

㦐ࡿ࠿ࢃࡀ࡜ࡇࡿ࠸࡚ࡋ⮴୍ࡰ࡯࡜್ࡢ㸬ࡾࡲࡘ㸪S1

࠼ゝ࡜ࡿ࠶ᨭ㓄ⓗ࡛ࡀఏ㐩⇕ࡿࡼ࡟᰾Ἓ㦐ࡣ࡚࠸࠾࡟

ࡧࡼ࠾㸬S2ࡿ S3ࡢప஝ࡁᗘࡣ࡚࠸ࡘ࡟㸪qav =10kW/m
2

ࡍ᪼ୖࡀ㸪⇕ὶ᮰ࡢࡢࡶࡿࡍ⮴୍࡜᰾Ἓ㦐࣮ࣝࣉࡣ࡛

ࡢࡇ㸬ࡿࡍῶᑡࡀ㐣⇕ᗘࡾࡼ᰾Ἓ㦐࣮ࣝࣉ࠸క࡟ࡢࡿ

㐣⇕ᗘࡢῶᑡࡣ㸪S3࡛≉࡟㢧ⴭ࡛ࡾ࠶ 0.5Kࡢῶᑡࡀ

ぢࡓࢀࡽ㸬ࡢࡽࢀࡇ S2࡜ S3࣮ࣝࣉࡶ࡚࠸ࡘ࡟᰾Ἓ㦐

ఏ⇕ࡢ᰾Ἓ㦐ᨭ㓄ࡽ࠿ࡉࡁ኱ࡢࡑẚ㍑࡛㸪ࡢ࡜ᯝ⤖ࡢ

㐩࡛ࡿࢀࡽ࠼⪄࡜ࡿ࠶㸬ࡋ࠿ࡋ㸪S1ࡾࡼ㐣⇕ᗘࡀῶᑡ

ⓎἻ࡛࡜ࡇࡓࡋ௜ࢆพฝ࡟㸪ఏ⇕㠃ࡣ࡚࠸ࡘ࡜ࡇࡓࡋ

Ⅼࡀቑ࠼ఏ⇕ಁࡀ㐍ࡿࢀࡽ࠼⪄࡜ࡢࡶࡓࢀࡉ㸬 

୍᪉㸪㧗஝ࡁᗘࡘ࠿ qav = 10kW/m
ሙྜ㸪S1 ~ S3ࡢ2

㸪ࣉࡋ⮴୍ࡰ࡯ࡣ㐣⇕ᗘࡢ ࣮ࣝ᰾Ἓ㦐࡟ẚ࡚࡭ 0.2Kప

㸪qav > 15kW/mࡓࡲ㸬ࡿ࠸࡚ࡗ࡞ࡃ
㸪㐣⇕ᗘࡣሙྜࡢ2

ࡀ S1, S2, S3ࡢ㡰࡟ῶᑡࡿ࠸࡚ࡋ㸬ࡋ࠿ࡋ㸪ప஝ࡁᗘ

㸪ྠ୍ࡣᗘ࡛ࡁ㸬㧗஝࠸ࡉᑠࡣᕪࡢࡑ࡚࡭ẚ࡟ሙྜࡢ

᮲௳ࡿࡅ࠾࡟ప஝ࡁᗘ࡟್ࡢẚ࡚࡭㐣⇕ᗘࡀ඲యⓗ࡟

ῶᑡࡿ࠸࡚ࡋ஦ࡽ࠿㸪ഹࡀࡿ࠶࡛࠿ᙉไᑐὶࡿࡼ࡟ᙳ

㡪ࡀฟ࡚ࡿࢀࡽ࠼⪄࡜ࡢࡶࡓࡁ㸬୍᪉࡛㸪㧗⇕ὶ᮰࡟

ࡣ࡚࠸࠾ S1 ࡿ࠸࡚ࢀࡉほᐹࡀᕪࡢพฝ㠃࡛㐣⇕ᗘ࡜

࠸࡚ࡋῶᑡࡣᕪࡢࡑ࡚࡭ẚ࡟ሙྜࡢᗘࡁ㸪ప஝ࡢࡢࡶ

᰾Ἓ㦐ᨭ㓄ࡢᗘࡁప஝ࡣ㸪พฝ㠃࡛ࡽ࠿࡜ࡇࡢࡇ㸬ࡿ

ᇦ࡛⇕ఏ㐩ಁࡀ㐍ࡀࡢࡶࡓ࠸࡚ࢀࡉ㸪ᙉไᑐὶࡢᙳ㡪

࠼⪄࡜ࡢࡶࡓࢀࡉ࿴⦅ࡀࢀࡑ㸪ࡾࡼ࡟࡜ࡇࡓࡗࢃຍࡀ

 㸬ࡿࢀࡽ

ḟ࡟㸪Fig. 7 (b)ࡓࡋ♧࡟G = 7.5 kg/m
2
sࡿࡅ࠾࡟Ἓ㦐

᭤⥺࡛ࡣ㸪ప஝ࡁᗘࡘ࠿㧗⇕ὶ᮰࡚࠸࠾࡟ S1 ~ S3ࡢ

ࢀࡑ㸪ࡀࡓࢀࡉほᐹࡀῶᑡࡢ㐣⇕ᗘࡶሙྜ࡛ࡢࢀࡎ࠸

௨እࡢ᮲௳ࡣ࡚࠸ࡘ࡟ Fig. 7 (a)ࡢ㐣⇕ᗘ୍ࡰ࡯࡜್ࡢ

࡟࠿ഹࡀᙳ㡪ࡢᗘ࡛ᙉไᑐὶࡁ㸪ప஝࡚ࡗࡼ㸬ࡓࡋ⮴

ቑࢆ࡜ࡇࡓ࠼㝖ࡤࡅ㸪Gࡢᙳ㡪ࡣ ࡜5 ࢇ࡜࡯ࡣ7.5࡛

 㸬ࡿุࡀ࡜ࡇ࠸࡞࡝

࡜㐣⇕ᗘࡢ᰾Ἓ㦐࣮ࣝࣉࡿࡅ࠾࡟㸪⁐ᑕ㠃࡛ࢁࡇ࡜

พฝ㠃ࡢ㧗஝ࡁᗘࡿࡅ࠾࡟㐣⇕ᗘ࡚ࡋ♧ࢆ್ࡢ➼ྠࡣ

࡟พฝ㠃࡜ᑕ㠃⁐ࡣ࡚࠸࠾࡟ᗘࡁ㸪㧗஝ࡽ࠿࡜ࡇࡿ࠸

 㸬ࡿ࠼ゝ࡜࠸࡞ࡽࢃኚࡣຠᯝࡢఏ⇕ಁ㐍ࡿࡼ
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(b) G = 7.5 kg/m
2
s 

Fig. 7 Boiling curve at different plate surfaces 

 

4࣭࣭࣭࣭2    ㉁㔞ὶ᮰㉁㔞ὶ᮰㉁㔞ὶ᮰㉁㔞ὶ᮰ࡿࡼ࡟ࡿࡼ࡟ࡿࡼ࡟ࡿࡼ࡟Ἓ㦐⇕ఏ㐩Ἓ㦐⇕ఏ㐩Ἓ㦐⇕ఏ㐩Ἓ㦐⇕ఏ㐩ࡢ࡬ࡢ࡬ࡢ࡬ࡢ࡬ᙳ㡪ᙳ㡪ᙳ㡪ᙳ㡪    Fig. 8 

(a)ࡧࡼ࠾ (b) ࡟㸪୍ᐃࡢᖹᆒ⇕ὶ᮰ (qav = 10 kW/m
2
) 

᮲௳࡛㉁㔞ὶ᮰ࡢ 㣬࿴⵨Ẽᅽ (Psat = 0.7 MPa)ࡧࡼ࠾

ᒁᡤἛ㦐⇕ఏ㐩ಀࡿࡍᑐ࡟ᗘࡁ஝ࡢሙྜࡓࡏࡉኚ໬ࢆ

 㸬ࡍ♧ࢆኚ໬ࡢᩘ

Fig. 8 (a) ࡧࡼ࠾ (b) ࡾࡼ㸪ࡢࢀࡎ࠸㉁㔞ὶ᮰㸪ఏ⇕

㠃ࡶ࡚࠸ࡘ࡟஝ࡁᗘࡢቑຍ࡟క࠸㸪⇕ఏ㐩࡚ࡋ᪼ୖࡀ

ࡓࡋ♧࡟ 㸪 Fig. 8 (a)ࡓࡲ㸬ࡿ࠿ศࡀ࡜ࡇࡿ࠸ S2࠾࡟

ࡽ࠿G = 2ࢆᗘ࡛㉁㔞ὶ᮰ࡁ஝ࡢ㸪ྠ୍ࡣẚ㍑࡛ࡿࡅ

5 kg/m
2
s࡛ࡲቑຍ࡜ࡿࡏࡉ㸪⇕ఏ㐩ࡀ⣙ 30%ቑຍࡿࡍ

ࡽ࠿㸪G = 5ࡋ࠿ࡋ㸬ࡓࡗุࡀ࡜ࡇ 7.5 kg/m2sࡢ࡬ቑຍ

ࡢ 㸬Fig. 8 (b)ࡓࡗ࠿࡞ࢀࡽぢࡀኚ໬࡝Ṥࡣ࡛ S3ࡢሙ

࠸㧗ࡀ㸪㉁㔞ὶ᮰࡛ࢁࡇ࡜㸬ࡓࡋ♧ࢆഴྥ࡞ᵝྠࡶྜ

ሙྜ࡛ࢺ࣮ࣞࣉࡢ⵨Ⓨჾࡿࡅ࠾࡟⇕ఏ㐩ࡢẚ㍑ࡣ᭷㤿

G = 7.5 ~ 15 kg/m࡚ࡗࡼ࡟(3)ࡽ
2
sࡢሙྜ࡚࠸ࡘ࡟㉁㔞ὶ

᮰ࡿࡼ࡟ᙳ㡪࡜ࡇ࠸࡞࡝ࢇ࡜࡯ࡀ㏙ࡿ࠸࡚ࢀࡽ࡭㸬ྠ

ᵝ࡟㸪㉁㔞ὶ᮰ࡀG = 2 kg/m
2
s࡟࠺ࡼࡢᴟ➃࡟ప࠸ሙ
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ࡇ࠸࡞ࡀᙳ㡪ࡢ࡬ఏ㐩⇕ࡿࡼ࡟㸪㉁㔞ὶ᮰࡚࠸㝖ࢆྜ

ࡀ㏿ὶࡢసືὶయࡣ࡛௳ᐇ㦂᮲ࡢࡇ㸪ࡓࡲ㸬ࡿุࡀ࡜

⣙ 3 ~ 11 mm/s࡛ࡾ࠶㸪ఏ⇕㠃ୖ࡛ࡰ࡯㟼Ṇࡇࡿ࠸࡚ࡋ

㸪᰾ࡃ࡞࡝Ṥࡣᙳ㡪ࡢᙉไᑐὶࡣ㸪Ἓ㦐⇕ఏ㐩ࡽ࠿࡜
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(a) S2 
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(b) S3 

Fig. 8 Comparison between boiling heat transfer coefficient at 

different mass fluxes on S2 and S3 

 

4࣭࣭࣭࣭3    ఏ⇕㠃ఏ⇕㠃ఏ⇕㠃ఏ⇕㠃ࡿࡼࡿࡼࡿࡼࡿࡼἛ㦐⇕ఏ㐩Ἓ㦐⇕ఏ㐩Ἓ㦐⇕ఏ㐩Ἓ㦐⇕ఏ㐩ࡢ࡬ࡢ࡬ࡢ࡬ࡢ࡬ᙳ㡪ᙳ㡪ᙳ㡪ᙳ㡪        Fig. 9 (a) ࡼ࠾

㸪୍࡟ (b) ࡧ ᐃࡢᖹᆒ⇕ὶ᮰ (qav = 20 kW/m
2
㣬࿴⵨ࡧࡼ࠾ (

Ẽᅽ (Psat = 0.7 MPa) ࡢ᮲௳࡛ ఏ⇕㠃ࢆS1, S2, S3࡟஺᥮ࡋ

㸬ࡍ♧ࢆኚ໬ࡢᒁᡤἛ㦐⇕ఏ㐩ಀᩘࡿࡍᑐ࡟ᗘࡁ஝ࡢሙྜࡓ

G = 5 kg/mࡀ 㸪Fig. 9 (a)ࡣ㉁㔞ὶ᮰ࡢࢀࡒࢀࡑࡓࡲ
2
s, Fig. 9 

(b) 7.5ࡀkg/m2s࡛ࡿ࠶㸬 

Fig. 9 (a) ࡧࡼ࠾ (b)ࡾࡼ㸪ఏ⇕㠃ᙧ≧ࡿࡼ࡟ẚ㍑࠸࡚࠾࡟ 㸪

ప஝ࡁᗘ (x < 0.3) ࡛ࡣ㸪S1࡟ᑐࡋS2ࡀ⣙12%, S316ࡀ ~ 

ఏࡿࡼ࡟㸪พฝ㠃ࡽ࠿࡜ࡇࡓࢀࡽᚓࡀቑຍࡢఏ㐩⇕ࡢ22%

⇕ 㐍ಁࡀ☜ㄆࡓࢀࡉ㸬ࡓࡲ㸪୰஝ࡁᗘ (x > 0.3) ௨㝆࡛ 㸪ࡣ

S1࡟ᑐࡋS2ࡢ⇕ఏ㐩ࡢቑຍ࡝ࢇ࡜࡯࡛%2 ~ 0ࡣኚ໬࡞ࡀ

ࡇ㸬ࡓࢀࡉㄆ☜ࡀቑຍࡢఏ㐩⇕ࡢ%10ࡣS3 ,ࡢࡢࡶࡓࡗ࠿

㸪S3ࡽ࠿࡜ࡇࡢࡽࢀ ࡣྠ ࡘᣢࢆ≦พฝᙧࡌ S2࡟ẚ࡭ ఏ࡚

⇕ಁ㐍࡟᭷ຠ࡛ࡀࡇ࡜ࡿ࠶ศࡿ࠿㸬≉࡟㸪ప஝ࡁᗘ࡛ࡿ࠶

᰾Ἓ㦐ᨭ㓄㡿ᇦ࠸࡚࠾࡟ 㢧ⴭ࡛ࡣ  㸬ࡿ࠶

ప஝ࡁᗘ࡜୰஝ࡁᗘ௨㝆࡛ࡢఏ⇕ಁ㐍ࡢຠᯝࡿ࡞␗ࡀ⌮

࣮࢕ࢸࣅࣕ࢟࡞ᚲせ࡟ẼἻ⏕ᡂࡿࡅ࠾࡟㸪᰾Ἓ㦐࡚ࡋ࡜⏤

⪄ࡀࡢࡶࡿࡼ࡟࠸㐪ࡢὶືᵝᘧࡢᾮࡢ㸪⁁ෆ࡛࡜ࡉࡁ኱ࡢ

ࣥ࢔ࡓ࠸⏝࡟㸬௒ᅇᐇ㦂ࡿࢀࡽ࠼ ẼἻ༙⏺⮫ࡢ࢔ࢽࣔ ᚄrc
 (11)

㸪 rc = 2 µm (Psat = 0.7MPa, ∆Tsat = 1℃) ⛬ᗘ࡛ࡣ 㸪S1ࡀࡿ࠶

⾲㠃ࡣᖹᆒ⢒0.6ࡀࡉµm࡛ࡾ࠶㸪ᖹ⁥ᗘࡀ㧗ࡵࡓ࠸ⓎἻࡋ

ᖜ200µm㸪̔̀ࡣS3࡛ ࡧࡼ࠾㸪S2ࡋᑐ࡟ࢀࡑ㸬࠸ࡃ࡟ 30µmࡉ

ẼἻ༙⏺⮫ࡣࡽࢀࡇ㸪ࡾ࡞࡜࣮࢕ࢸࣅࣕ࢟ࡀ⁁ࡓࡋ⥆㐃ࡢ

ᚄ rcࡾࡼ኱࠸ࡁ㸬ప஝ࡁᗘࡿࡅ࠾࡟พฝ㠃ࡢఏ⇕ಁ 㐍ࡣ㸪

᰾⏕ᡂ࡟༑ศ࡞኱ࡀᩘࡢ࣮࢕ࢸࣅࣕ࢟ࡢࡉࡁቑ࡟࡜ࡇࡓ࠼

ࡢࡶࡿࡼ 㸬୍ࡿ࠶࡛ ᪉㸪S2ࡧࡼ࠾ S3ࣕ࢟ࡣ ࢕ࢸࣅ ࡢ࣮ᩘ

୍ྠࡣ ࡿࡍᑐ࡟㸬S2ࡿ࠶࡛ S3ࡢ⇕ఏ㐩ࡢቑຍࡣ㸪⁁ෆ࡟

⪄࡜ࡢࡶࡿࡼ࡟࡜ࡇࡿ࡞␗ࡀὶື≧ἣࡢ࢔ࢽࣔࣥ࢔ࡿࡅ࠾

ࡋᑐ࡚࡟⁁ࡀ㸪S2࡟࠺ࡼࡍ♧࡟㸬Fig. 6ࡿࢀࡽ࠼ ᖹ⾜࡟ὶ

㸪S3ࡋᑐ࡟ࡢࡿࢀ ࡋᑐ࡚࡟⁁ࡣ࡛ ┤஺ࡿࡍὶࡿ࡞࡜ࢀ㸬ࡘ

㸪S3ࡾࡲ ࡗ࡚ࡼ࡟⁁ࡣ࡛ ࿘ᮇⓗ࡟ὶ㊰ࡀᣑ኱ࡋ  㸬ࡿ࠸࡚
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(b) G = 7.5 kg/m
2
s 

Fig. 9 Comparison between boiling heat transfer coefficient for 

plate S1, S2 and S3 
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ᯝ㸪⤖ࡢࡑ㸬ࡿࢀࡽ࠼⪄࡜ࡿ࠸࡚ࢀࡉᙧᡂࡀ ࡟ෆ⁁ࡢࡑ

᧠ᢾࡿࡼ࡟ఏ⇕ 㐍ಁࢀࢃ⾜ࡀ㸪 S2࡟ᑐ࡚ࡋ ⇕ఏ㐩ࡀቑຍࡋ

 㸬ࡿࢀࡽ࠼⪄࡜ࡢࡶࡓ

୍᪉㸪୰஝ࡁᗘ௨㝆ࡢS1࡜S2ࡢ࡜ẚ㍑ ⇕㸪ఏࡣ࡛ 㐍ಁ

ᙉไ࡭ẚ࡟ᗘࡁప஝ࡣࢀࡇ㸪ࡀࡓࡗ࠿࡞ࢀࡽぢ࡝ࢇ࡜࡯ࡀ

ᑐὶࡢᙳ㡪ࡀ኱࡛࡜ࡇࡿ࡞ࡃࡁ᰾Ἓ㦐ࡢᙳ㡪ࡀᙅࡓࢀࡽࡵ

ࡵ࡛ࡓ ࡋᑐ࡟ࢀࡑ㸬ࡿ࠶ 㸪࡚S3࡛ࡣ๓㏙ࡿࡼ࡟⁁ࡢ᧠ᢾࡢ

ຠᯝࡀຍࡵࡓࡿࢃ S2 ⪄࡜ࡢࡶࡓࡋቑຍࡀఏ㐩⇕࡚࡭ẚ࡟

 㸬ࡿࢀࡽ࠼

 

 ࡵࡵࡵࡵ    ࡜࡜࡜࡜    ࡲࡲࡲࡲ    .5

 

ಁ⇕ఏࡢᘧ⵨Ⓨჾࢺ࣮ࣞࣉࡓࡋ࡜సືὶయࢆ࢔ࢽࣔࣥ࢔

㐍ἲ᳨࡚࠸ࡘ࡟ウࡵࡓࡿࡍ㸪ఏ⇕㠃ᙧ≧ࡧࡼ࠾พฝ⁁ྥࡢ

ᐃᐇ㦂 ࡢἛ㦐⇕ఏ㐩ࡢᒁᡤ࡚࠸⏝ࢆࢺ࣮ࣞࣉࡿ࡞␗ࡢࡁ

࠸࠾࡟㸪ᮏᐇ㦂⠊ᅖ࠸⾜ࢆ ୗ࡚グࡀ᫂࡜ࡇࡢ  㸬ࡓࡗ࡞࡜࠿ࡽ

ఏ⇕㠃࡛ࡢࢀࡎ࠸ (1) క࡟ቑຍࡢᗘࡁ஝ࡣ⋠㸪Ἓ㦐⇕ఏ㐩ࡶ

ᗘ௨㝆࡛ࡁ㸪୰஝ࡀࡿࡍቑຍ࠸ ࡰ୍࡯ࡣ ᐃ್ࡢ  㸬ࡍ♧ࢆ

(2) ᚤ⣽พฝຍᕤࡿࡼ࡟Ἓ㦐⇕ఏ㐩ಁࡢ 㐍ࡀ☜ㄆࡓࢀࡉ㸬≉

࠸࡚࠾࡟᰾Ἓ㦐ᇦࡢᗘࡁప஝࡟ 㢧ⴭ࡛  㸬ࡓࡗ࠶

(3) సືὶయࡢὶ࡟ࢀᑐࡿࡼ࡟ࡁྥࡢ⁁ࡿࡍἛ㦐⇕ఏ㐩ࡢ

ẚ㍑࡛ ࡀ᭱⁁㸪ᶓࡣ ኱ࡢ⇕ఏ㐩ࡓࡋ♧ࢆ㸬 

(4) ㉁㔞ὶ᮰ࡢቑຍ࡟క࠺Ἓ㦐⇕ఏ㐩ࡢኚ໬࡞࡝ࢇ࡜࡯ࡣ

㸪G = 2 kg/mࡋ࠿ࡋ㸬ࡓࡗ࠿
2
sࡢẚ㍑ⓗప࠸㉁㔞ὶ᮰ Ἓࡣ࡛

㦐⇕ఏ㐩ࡀప࠸  㸬ࡓࡋ♧ࢆ್

 

ㅰㅰㅰㅰ            ㎡㎡㎡㎡ 

 

ᮏ◊✲୍ࡢ㒊ࡣ㸪ᰴᘧ఍♫⚄ᡞ〇㗰ᡤࡢ࡜ඹྠ◊✲

OTECࠕ ⏝⇕஺᥮࣮ࣞࣉ ࡢࢺ 㐺᭱ᙧ≧࡟㛵ࡿࡍ◊✲ࠖ ࡼ࡟

ࡗ ࡋグ࡟ࡇࡇ㸬ࡓࢀࢃ࡚⾜ ឤ࡚ㅰࡿࡍ㸬 
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