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4% AGBL YE TE AAY UG %7], 28l 3% EWE, BYH, 4AE T TY £k
N de A48 Ut Z4HE 8 AN g 28 SASe SHoUGHF AL He HAd F
o Bololl A APste Aot 2 ¥l Folv &5 & Fildste KR M BF AT ¥E TZ
FAE v Rt B3 FIAUE, 1Y, YAE F FALIA HFde 4F E2@7)9] HA dA%
el £ & AN E B Fastth gt o]E AEHY §HolU HF Y F R
Rol & QgL oA 435 Yo, ¢ &4, Ad 4L FHsthe o] vl f F83H, e5d Y
A AFHQ ZHAME o] Eofe] A7t HAF] 8FH 1 e Aol

ol g WETZ FX 2AE 16879 Jean Hautefeuille7} 22 ¢ & A7 F71EH &5 FA
E /A3 Ao A 23 AP, 1900d el & F7] AT W & 35 EAET} AA AEEH A}
£33 gl AFelth

ool @ Ao e 4T FHE M AL B S0 ALHA AHEHT At ol @ A
GAEL YR Aol Yo g &3 AP B o7 Feie 7188 3L 7P A& 7hEst
o Y EUL WAAY, T R YA e L PP 7 A #5S G2 A EA A
d A8 L FUAA AYANE A8 231 Ue FA o] he.

K. K Yau® 2213 FNHB” & FH @M A 3o d@ bsz 4894 78 485
o, A. P. Watkinson®*"3} FEEEYS T2 @A A golet AU 181 VA28 52
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Z7hgtol mal FAGAFI Fh, = FAE AA € FaEE Holx o

HEAYM e QAT B 7} 30~4071Ld vl F dAGAS7 HuAE Eoln 3led, 54
Pl e AXG B 71 22~2671Ld Wl $2 QALA S/ S e 281 A9 ¥ole
1.56mmyd v 5 2 3 EHE o] Hude Helxn Yot
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A Ao dolgt HA 7t QAGAIF B AFH L 7 AL A€ EF Ao B YdFel e
FHAN U GAL AU AT A, X 0.5~1mm F 2 v § ddego] Juge et
W2 glen Yo Aole 2mm o|stolA g &4do] v #3 vl G A Yo 32
o7t A AFE{ €AY FE WAL Fr13h, Y &do] A H22 Fo dole 4 &4 RA
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A & HolE AASY, 4 &4o] T8 Hol HZ FYo| WolAA Hu2, dAee do7 F
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1. dof 3 2t @ 82

AYAAE 7HE FY7)(Slidax)E B0 LA T A7) & F%7] (Evaporator &2 Boiler)dj] 31
€ A7l 7 AX o FF8HA Fo Utk ol FA dASA FFEHE A7 A& S el sde Y
o) R-11& $2A1 0.

Z9" R-1137€ F 37| 488 53389 F7] §% €37 (vaper tank)dl] FJd}. o] F7]
B F719 F4& LA FANNL EF 37 FERUoE FAIT 0| Z2 4P 21 &
SR aM A Y T7Htest section)dl]l A $2 FAY AAo] AP AL #ETh F7) AFRAA
YA e €5 £3 3718 AP FUY B2 &0 FAANI L FRE YT Y45 E FHAA,
ERHE R R-11 379 BRE YR 22 YWzsrt dage] doju=g Hof o a2l Al
g 7o) 7hgdlol $125mme] $AF-& A3t FRE 59 &% YA€ #3Y F UA=F Yotk
AE 2z Yol A R-113719) i 8o] $&H1 ¢ ¥, F5HA &2 UvjA] 37182 Bx $57]
(sub - conderser)ol| A 3] €231A Huy, AlE PN 2 JAR-1D= Y FF FF 2
ANE FFHete B A S 2L G F, ARG B2 5L Ay, oL W) HZEA
7)o A e8NS
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297 52§37 $38 R-11Ymle 2Z 23718 R-1190) 3% $2 8 E33uA &
293¢ 2987 3L/ 2 £RE o g e Lald) 98 R-11dshE 71d 32 1he) 3]
szt AN S8l AY T3 BE $37) Alol & £ 8 B0 222 W AN E A8 WAS
8 A Y o) €V E Y TS A 8 BN} HE 337 B U] 285 Y
24 B8 AN A T EF) WS £8 337 4A5 o Aok

N¥ RS BT Y25 E 0.75kwe] Y25 WIE FFEAA 24 £ 8922 ¥
B WZo] o8 24 $BoE BASE A P AT 4 2 LEF A Wk AY TR
2 $UFE WsE AW 73 YA R- 115719 Quig oA 93, N FRo2iy 424
Wree £E9 Y& 2 o 22 W2 e Aok

AR 7S] G R-1137] 25 $EE 3337 981 Y 72 2ol 450mm Ao 2 5
58 B GANE AT s #FL A €8 WS WA 2R SVAA 2, §3 Ao]
B dAsd A FFol AW Tl B2A sx, Y T AT AR FRAt A5Y
£3AE A3k 100~900herd 172 & M4 §3A & o83t 238, 900~5000Lhre) 3
4t A%Y #2342 2399 291 Wtse) 338 $X\87] Asked by pass line A%
o},

Q4§ §4(test finde FHA7 B LA Yoo), BYo] fla, FEFol ¥n AW FA % 4
Wwes %e A Fo| a7 o] 2l T U3 2 FANA 1 AA L& ¢ U BH YS
BA5] Ayl Bo] ALEHE FHE R-110] 4P #42 HF =Yk

2, Al 7} (test section)

A8 P& 70|} 2000mme] I A& ¢125mmeo|tt. Turbo E71o) AHEH 3 e A FHE
th 2 1000~3000mme| Zoloj A AHg 1 it 2222 & AFM € o] A9 T3 271 2000mm
g A 2eln A4 Turbod §719] BREANAN Eae] doju e 22 JYT FAH
th 2dE ol $AF R-11Ye) F7171 7] AFLE AA ¢125mme] AF 73 R 2 32A Hof
et oln ¢19mme] FHE R WAE7 FF2 FE5ATh ol A3 Yzest 223U R-
11 Yo Z71e BRYE EhA o)A FREN dunge A8 37 2 T2 RS /5 &
4e AFASs) 98, F29 1000mmE & FoA & e ¢125mme] 73 & F F7 10mm
A3 7 & AP AP LY FE U Fe 379 258 §3317] 98] 450mm FH o2 5%
o B-Z2dd dAdE AX A 282 FREY EH 258 §4387] S 450mm HHC2 5
Zo] -2 dANE AU Y45 2 FEE 5 -T288 AU E do 23U ¥
2t 27 L2 HT AALEE FF 7] 93 ¢75mm A7]9 239 E9RY 25 £F B
g AFstd Mo L2 8 238t WFGE ARcH AP T3] B 1800mm X H o) F7] viE g
HE AX 3t AP ¥ g% 7tad T8 M ESGES A
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22in Y44t da@ F 2 R-11 @) dAle A1E 7339 317 A E ¢20mme| #& F
3 &5 /FSFAZ #4€Et 22l &5 HA g& YulFrle AE 7 ARG dAd
$25mme] Wi 8L §3 HE §572 FYH, BE &5V &4 3FAN F Hx &5V /7
AN &S FFE& S5, A2 AA Yo7} cA3iA Aok

3. 2z &¥

Fxo) @29 R-11Wn) 37), W4e) 58 23517 flotd AL ARYHL AN A @
A) $24712, <38 1>olA4 9 2o T GAtHAS A4 Gunction)o] 0.3mm A=) YYPo 2 VE ¥,
Aol BEEE AAS Holed AvpAlol Wj2aA Artetn ol ELZ Mt st B B
o 2 AR} FYF FEE FA MR AASY] Ae), AAUNE 25 LEANA ztzte] g
Wel AY 58 AT 2N PAIT TURX G A A% Aoe} AN L BB A
S8 AN EE Yrh o] s} o] sho] YA WAL VE F <Y 1> oA o Zo] EFE| Z 2mm,
Zo| 1.0mm, Zo| 30mme} & U] At AL U Fol WA ¥, edoz g1 ¢
24N AT Fol % TS BAE] A5t o EA] £A12 W,

ANY TR WP LEE 2R G E L5 240l Wad T4 Axd AU R EHR
RS DANA AQY. 222 W24 27 LEE OAAY ESQAYY B AHLES $718 A
astod Yzi4 2 7¢) L7 908 FYSES A 222 WFE AW £ 8 7] 272 300mm 9
Aol A 7Heul 187 A e 250 QANE Ho] L2E 2H0 YERS AWk do RE A

Solder-mounted
C-—C Thermocouple

N

Copper tube
Pressure tap
Vapor
1‘1— I2 |3
' _—t
‘ Copper tube

<2 1> Deatils of Thermocouple Junction and Pressure Tap.
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P& P& B8 2o m, GAUAE ADHRYE B8 AFE o 923l 1/10C 71X B &@
e dE FUES A

4. Z47| (evaporator)

297 57 8mme] Z#o 2 F7A 350mm, Z]1000mme] 4522 Holglrt. A AU 5kw
o] £ 713 A7 HE & AHEs FE7] Wel e R-11 Ao dAEA dol FFEH. olW F
717} HE A FEZ 87 §jst] A7 E7FR-11 Yol Aol A 2 =2 vx] @& Ao 874
th o] 918 %79 H3 A £o|E BAY £ URE A AA I E LAY, TFHe AL 7
W At 279 o3 0BE AN 240BEZA] 2 Y 4 Uk o] A4S ALA AN B3t F8)
o, old) Wal AFA 057, JEWIM AFE AT FL719) & Okglem’o A 2kg/em?7}A]
2R 0] 71535t 282 YA £ F L 1/100kglem71R 8] v)A] 4EE 23 5 U= Ho}. a8
3 FE7l Y29 dE4E B E] 3o 50mm FAL @8 R TR AFEE FHOE X
Attt 2¢7) 9] £FL 0.1m%| 12 o] F 70%= R-11 Yol AN 2 ¢ Ak AYPA| 571 228
53 Yo7} f&EdEE 2y YR e olFd 4 Aoy 850 =F 4A HAS

a2l BYe Wie F7] 299 AA) 29 GAUE Hol 7 9o 228 3P 4 4HA
oA gl gt gt-E ¥ul F7HoN 2o 2N FE7] WRe F717F 23} Aed7tE AU
B2 Yo fUEE ¥ .F 7tAE AABN] A3t ¥ g&7t2 W& & 15A B E FE7] Ao
AP} £ FL7) WP AFHEe B EE AASN7 At 26A =8 B E FE7] 3R
ARt

Z%7) YRolA 7hdol o3 S4E R-11 Yl Z7)& 25A 8 B E §3A A 7R 47 4
e 27 ARZ2E FYEeth 222 AP FAT B2 $37)0M S48 58 dAle 47 20A &
2 M 72 F99A Bk 28z B XAl A 200mm Folo A= A

. 85YH o RY 5

Z 7 o] ¢40mm °] 3 Eo]7} 1000mm<) WB-E 2/ A &3t 3 o2 A3, e Ad 73
M &8 ¢2ALL 23T, e e BHE &7 3E 3598 30 A vz
A 2M, B9 AT 5B ] At AT 33 FA 9 £5€ 1/200mm7tA| ] o
2 3A & 712 € height gauge& A14-3te] ImmztZ o2 FU3A £F& 2%ch 23 2 100ml {2
o2 24 2AAANE 100mm PH o2 &4 B4 ALF ¥3E 3P, ol 2L H3 & 103
SHEE F YAA2A AN FNE SZFSHES Yo} 9 & AHEE £F EL A2 ol €Y
2o FAGE v ZERS

AEP N E ZAYSE HAV OE B 13 2 I £E Y3t $34A 9] K3 S 3
At 34 23 F3A) A% LA $3Y FFE Yt AR A= Pol g o AFe]
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=& AT & A1Y FReA €28 R-11 Yo dAle 5 349 Zo)A 3em Aol9] &
FEol 4 € ball valveg FaA fUH ] &5 {ZFAL o AYAt. ojwf Fdell Y& 20A
BHe A F3F Add dFAFH

TEH RFFEAR-11 Y] HU2 AU R-11YvlE S5 F 23 X dH 1549
BE A f#YA71A A5, dol R-11 437 A ¢83te 424 Yo §-3F ¢ F3 8 5 ok

6. HX2%7|(Sub- Condenser)

£ 379 A AN Hx §5719 4L &5 AP e FLIAM 24 S 23} Z7171 A1
TE AUE ¢ FH 3 dot e F718 B2 370 443 3419 e 988 @) 28
2 HE AEAE AR TFAAM U FTE 5718 €43] §FAA 5 FFANM $HAFE 243
A HEE SV HLE AP 2N U T FU|FE ZHYE 5 USRS FAH U BE &57)9 F
7 & ¢ 200mme] 2 F o] 2000mme]t}. B2 £-27] WH & ¢19mm o] 12, Z o) 7} 2000mm QJ 55
HE 137 A0S FF7E R ode Y457 K583 5FE o Fole R-11 W¥u] 37171 B2
N Qo] o] Fof . R-11 ¥l 5719 Y27t Efe] He AL w37 98t FFREE B
2 %7 ¢ 922 200mm7tA]| 1&3 T B2 §%7|9 $REe AfRole ZTAR =YL 31,
EFAA R e 7t2AE 9ol 714 € ARG 282 13749 FRBd FUsA A7) f58
EEHZ §57]19 479 &7 0.03m® A7]9 WAL2E AR 22 n Y45 e ¥
TFE 2HY 5 =% by-pass lined APt B2 $57]0 du@ EVHL 1.59m%| 3, &3
< 0~100kwe] o},

Rtef X3} F717 B2 278 Ad Fol= ¢3do2 ¥ax ¢ 37 FHZ fAEE &8
Zoj7t 2AstER, ol 4y 24 M E SH3] FEEHEF HA AFHAL

7. H2}3=7| (coolant system)

2 A7 43 AA AXNE WAFAE AR 7S FHse AFAY B2 $27)8 BHste
BZ 25718 YasrAelth aga FrA 9 WA e 44 5P 4 HAT. I sl g8
Fol 2 BE ol &3te slo] dWtHo|th A5z BEL AN 5ES YU Fn BY 20 1A =
o et & MEB g, o] F Kol Hx Afde] EelolgANo 2 ¢ 3ton £ BHAE A et Y
74 JFelAe] Sx7t Ay 71F 3 AR 22 FAHES S 2 YIS E AA &
A7 A8 A8 08 EHZE 1kw, 7500 Vhre] 238 71A v, B2 &7 8 B9 I & 0.75kw,
3600Vhreo] &% & 7kt EHZ o] H1-3171 TSR Gm A1 Tl YA Fe) Wsr FEE F
A=E EHE 9ol by -pass lineg Ao} a8ln Yz PLo) Ao Asty AP 73
VYL FA ¥7) A5t 7Hed @AY FRAM A g o AR ddsE T gy, 2
AY 739 sl Feo R s2m Alg PR RUEE W45 %S 28] st F3A ¢



HE YEri4 9 FEd @8 47(0)

F8o] 20A 2719 {F Ao YERE A HYE Y45 /¥ FH L 0~900V/hr7t A & 2842 ¥ #F
A §3A o) dr s} go) AA st 231 o, 1000~5000Vhre] #F Ml A X ey #3F
AE AgEe] 2R o] FFAZ SHT FFe) LAHE BRI A8 AL o] Bt YA
ZAE FAFo 2N 238 BH U

8. HEHYY

8. 1712 AW He37ks AA

AW TN $53 1S B3E THHE AFANE 1 $3 7haTt o} F Ae ol EAY A
BE QUG ASE A 2290 FHA B 8E A28 AASE AL $5 % v AL ATHE
FHAN 2% AT W g H2ast AAY £58 84 R-11 ¥u) 37]0] 23% A
A2 o %4 871 A3l T3t 2e FF o] Yasith

A9 3 ol AAE ZE Alo] YHE SA Adsted 4 X AAV 2A £8 H2oh A @

2, 329 A% 9 3 (receiving tank)e] MA B F7] FY& YBE T F717 7] F3710 93
AY ZANZ FYETH 2 X W) o] Skgem'Glol A LB FFH=S F718 FYU%D
UF FYT YHE 27 24412 B H7 BTk 2441 2k0] AABF, AR FA Ul & a7} Dol
e 49 e 710e] 9 @1 S E Rol & Yehith GHol ZeekA @& WA Hel
373 ¢ BT} o)sho] ol FAS $H 71We] £X HALE FART

19 WAL SEEER-11 W) €84 I E o] S3te] R~ 11 Wol7h §ol 712 %6 347 o]
3ol HUUT. ol WrlE 387 ol AR AA Yol A A2} 70% A7AA FYL 2R
A e 290 YRe) %ol AAHo) e ¥7] AE7 218 A W 7AX FYR A7
3E L R-11 Wulgo] $038) 2717 S A4S A7 69 7Hdst o) 371 4ol Ape 24
& 9Tk ol o] 7 FWALE 82, R- 1144 Yol & 3871 FUE F, 718 A (liden S
8 287] 33 48 e B2 sEe] Ao A8 FFeh AN R-11 9 A8 7hd
sted Wol 3718 SAN AT SAE Wol 3718 AW T2 Wl £V Aol FE7)o14 2AE
27] UL ol 88 AW T3} BE §57] F¥o] AN F7] M2 WLE Dol AY FA Aol ZA
a3 3l B2 918 MB AT ¥ 83 7tad 3718 S48 W2 A7 Fol FA ME AR B
3, A8 P uel 38114 B R-11 Yo} 378 448 £BAIATH ol ko] o 4%
39 71U g #A 3T, ARG ASEE TA B2 E 183 h2A F718 AAN AT

8. 2 B333H
B AT 3 2@ AY FhF 2 g F, FHNA FFHE AV FA G A A A G
4 R exAH, 283 FF /%, FF 25, 5%, 5719 #F £% Fol Ate] 58 we A
Fol n YA A FE B & Pt o] s} o] FA FeNE KAV A3 FE71e A7) ARE



@iid - A - 2FH

2 7HE A Y& FFHZ WAFAE T YGTE FUNIIAA, AR & AASA A=
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A Study on Finned Tube Used in Turbo Refrigerator(III)

~ for Pressure Drop -

Kyu - Il HAN - Si - Young KIM - Dong - HyunCHO

(National Fisheries University of Pusan)

Heat transfer and pressure drop measurements are made on low integral-fin tubes in turbulent
water flow condition. The integral-fin tubes investigated in this paper are nominally 19mm in dia-
meter. Eight tubes have been used with trapezoidally shaped integral-fins having fin density from
748 to 1654 fpm and 10, 30 grooves. Plain tube having same diameter as finned tube is also tested
for comparison.

Experiments are carried out using R - 11 as working fluid. The refrigerant condensates at a
saturation state of 30C on the outside tube surface cooled by coolant. The amount of nonco-
ndensable gases present in the test loop is reduced to a negligible value by repeated purging. For a
given heat input to the boiler and given cooling water flow rate, all test data are taken on steady
state. ’

The heat transfer loop is used for testing single long tubes and cooling water is pumped from a
storage tank through filters and flowmeters to the horizontal test section where it is heated by
steam condensing on the outside of the tube. The pressure drop across the test section is measured
by means of pressure guage and manometer. Each tube tested is cleaned with sodium dichromate
pickling solution and well rinsed with water prior to installation in the test section.

The results obtained in this study is as follows :

1. Based on inside diameter and nominal inside area, heat transfer of finned tube is enhanced
up to 4 times as that of a plain tube at constant Reynolds number and up to 2 times at constant
pumping power.

2. Friction factors are up to 1.6~2.1 times those of plain tube.

3. At a given Reynolds number, Nusselt number decrease with increasing pitch to diameter.

4. The constant pumping power ratio for low integral-fin tubes increase directly with the

effective area to the nominal area ratio, and with the effective area diameter ratio.



