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Study on forced convective heat transfer in helically coiled tubes
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Abstract

Heat transfer performance are studied for the turbulent flow of water in 3 smooth
tube coils having ratios of coil to tube diameter of 16, 21 and 27, and a corrugated-coiled
tube having a ratio of coil to tube diameter of 29, for Reynolds numbers from 8000 to
60000 and is also compared with the limited results available to data. The experiments
are carried out for the fully developed turbulent flow of water in tube coils under the
condition of uniform heat flux. This work is limited to tube coils of R/a between 10
and 30. The tube having a ratio of coil to tube diameter of 27 arnong the 3 smooth
tube coils shows the best heat transfer performance. The performance of coiled tube
best transfer performance. The performance of coiled tube with a similar curvature ratio
is better for a corrugated-coiled tube(R/a=17) than for a smooth coiled tube(R/a=16). An
empirical relation which correlates most of the data within £25% was also developed.
Test result shows that the Nusselt number is found to be affected by a secondary flow
due to curvature.

NEMY Cu : Taitd Boishs A4
€n  (T,—Tp)/ra
a @ Welme] A r R Syl ne LxT)
C A% (—dP/Hob B dALAS  Nuk/2a

C, : AL
hw Tot T Alelg] B 44 AT

R — kI HAle] dAEg
IRCh b e m . Redll digte] AASA Foixl= A
Fabiet e Nu : Nusselt 57 [2aQ.,, /K T\,— To]




U maRgel ZAdqg gagel ¢ dv 283

n : Pro] tisle QAsA FolXE x4
Pr : PrandAl 4( pcv/k)

P a/Rol tigtd AASA FoARE A5
Q

DA BT A

c 3 Fu ey FHF

A7 B2 g 2k

CAAe Y BELE

CHALE

D hp@g Fodte 2%(C)
AT £xe BREYS A
DAY &5 FAAF (Ua/v)
DAV BiEETe] dsder AR
P @FEge % FAAF (Va/v)
D&Y & e

T

2 (W,alv)

D RFee) ¥

tFAY 2= (G/ra)

tadl 98] el BASY T
-

2 el izt deje) MA7A Agle] vl (v/a)
L Qsle) AHe) wARge] Az

N » X

N 8
7 87 %
&

SRR

&
3

N = v O M S

—_—

M B

TH RN ANF QTS UNY F
B dugriel e o8 7kx] gl 3y
e Fole 4 oo, ofzE U4 §EA
A AH7Ase] B AFH ATE 204
71z2 Azl 2d719, Grindey”, Eustice?,
White®, Seban®} McLaughlin®, Schmidt®,

o9 e Algtge] osiM olRoixyct et
Reynolds59] &2 W9 o) o|EH
Q1 At APAHA A Atolele Aolrt ga
o, AxFA o] \WF BEZer] dqEd #5573 3
g dAHg ZAd FHEsrlde oeigel &
. F719 9dF 5ol uig Az HdgH
AT7E Jeschke™oll 9Ja) olRoich 19| 2¥
2 Merkel®d] o8] +A=AT, 2 449 F
A& Jeschkeo] FAoz B& AnFEF A o}
g 571 ot o] AL FEvY 2 /K] AL
g o] &3l A doEoA fTE A= #i
T F7] B Boln, EAEELS 1Y F A
Mo} EY BE2Ee ¥R A2y = ¢
A ApelelN F dAEE SAFYLEN dojzch
o] HhHE molZi} BojA NG AFE sh=d
BolME Bt A e A8 AR @
% ArE A9 2& F7} itk Deand®e Hz
Z U o3 op7|ElE 24 fES olEFe
Z o F3gck & FEH[(R/A)Y A 19 1
8| X(perturbation analysis) &2 wladae] =
F& Deans{De= ReVa/R)e Bal:, o sht
o] wiige] it e AL A&k To-
pakoglu’%E wla&Ao] Deandolr EHY F
7] 25 St 2SRl e A
APom, olg FR3AL vl ¥ DeandollA
Agdrtt ¥& Deand dYolxe $xixe 2
AAAZHEL Adler'’’, Mori} Nakayama®™
o oJa] dolMan, 23 KT vwE wHA
A Y 97 AHAGQA AAFeZ Hol Qoke
A& YWY B2 ANEL 2% f%o] 2%5%
AEed tEo] 43 IF ALEs /MG
= AE Wilon, = Aoz kg e
7FNF1E 949le] ®rh Seban® Mclaughtin®
7159 &7 5% B9 9F frEel disiA
dgdo] #g AFAYN dlel8 g AABIPT. 2
HRLE 9Fgges NI AL B
Hiolx dFggor Axge d&
AgatA AEE 5 Ak 28 9y ¢33
ol(thermal entrance length)7} ZAXA Hreo] 73
Sof 27EE Ard AN Foe A A=

o]¢} Z& AF7AY] wlEF Y Fro g

ANt w2 rlo o 1l
%% rlo
[o]



284 e - UEE - dES

A7} Bo] Husn YA, FHeo] FHE 1Y
FHo| @ dFRmE A9 ol wy| Ferh
et B dyeMe 3719 oiEgt 29 §E
A AE BE&S FUAII] sk ZUAEE F
7}A1Z} corrugated-tube, spiral-tube& o]&3}
7Y FHE 2AFIA EY @F #5o A
gdAgg nFslPon, EAXNELS Y A=
stk B59 25 2¥ERE £ 37 &
TE AXklga AgdRE olEsMn nlasy
=g AFHk

2. O|Eaf
2.1 3B mo|ZoflAe] olidX] wWEAI2 Ckg

o} 2}

_a_ 995 _

7}677(”4”)+ 790 Prw (1)
q,=— %” +Pr(ugt+ o« g) 2)
— -9 +Pr(vg+ v g) 2)

s 797

AN U g, vg e oF A% A8 ¢
frérolct

oo e LERYEE SERINYH F2 2
Agel gl osid F2 AAHATT 4%
k. gHgd tg 23R Ve gue 37
BRolM AujHY Rojgkn AAND F ug, ve
e §% B4 GolM sk

2.2 8 IAHollMe| 23

CREER PRI %
2 Uehiw, @4 ool
o2 E/d g A&

u v, WE u, vy, Wy
Fad 2= g7t ey

M

a,= Pru,g,, qds= Prov, g, 4

olZ& H(1)ol tislahd, o2 o] "t

= w, (5)

A € g2 w, vi 28T w0 tigd

H4E)E HEEHTE Uy Pelz 2ejA)
g,= A +(C12DY7+(A/D)ncos ¢ (6)

714 A’ & Aol

A A'e TolZe] dHg A= fA9
2F ¥ E(cylindrical slice)ol #F F PV
agezd FAYdA HEdgN fA2 I 4
&€ REshe #AE vE ol o) "as)

2.3 cixe| Zd
sto|xuide) ol AAAYAE FAe HEH
Al R 469 2o 2789 @dg msgc
o] A AN A iy Iy wAgAe dLes Ao
[ Quadb=oc, S [ ["Wrraras @
dw = 5wPf Ka—(l/m)A (m—1m
, 4, C o m—1
><{A tE T T m @®)

1
2m(6m—1) 2 A

+[ G- Dam—1| D™
(4 557 )+ Jeos)
Qum= —R%P—r 9

711 qune TR9] AFLYA BE g0 BE
gtoltt.
2)(8) 22 2H qum”t @oiWTh

- Ko —(1/m) 4 (m=1/m ., _C
Qo= 3., Pr¥a, Vm4 x{A:-ZDz
m—] om6m—1 12A ]
tom x[ (4m2—1)(4m—1)] p| 10
A, C, D 383 §yol 10l diYE o A’
£ g3} o] gl
r(Pel-K_ 4 A
A =B = AT G DT,
XRe 1/(m+ l)HI/Z(m+l) (11)

— Am(4m—1)E6m—1) B



EREDES B BB b

1
m+1

+(dm—1T) logm—log(6m—1)
—11log(dm—1) — (8m—15)log@m—1)

—91log2] + log af} —log 8 (13)

logA = {%[(4m+7) log(@m+1)

2.4 Nusselt$
NusseltTE Ggos Aodoh

_ 2aQ,, _ 24,
Nu=—pr T3~ g.

(14)

AN gne TwS EF BTEE ToAlold 72
A Holtk. A(14)elA, (PR FoiR FXY
FAEE Qo qw TA ¥ FA sjo] Lo
A} Nusselts= Nu.e 22 AHoJdo

_ 2Qum RePr

Nt = 2g as)
o714,
ool [ s
+ {7 [Teu1—gdeas] (16

LEg 530 et Aozl BE AYE
AHgt, 89 =719 Ak watd 2(16)& Al
A8 4 ok A(15)L o3 Zo]

1 Pr

=1 - Re™(mtD
24° Pri f- 4dg.

Nu,

a

o (—E) 1/[2(m+1)]{1 + [Re(a“g”%] —_— l
an

A~

G714 A& ADel o) Folzlth

_ A(6m—DAm—Dm(m—=1) 8
den= T )2 am-1’ a 1®

_ 4m’—2m—1 1
A 2 2mt+ 1) Oom (19)

Seban® McLaughlin®@e] =FeojA &3hd
A’ =205, 43=0061, m=5 222 k=04 %<&

ysta Pri X/ (Pr! ¥ - 4g,)& 2 Prandtl
ol A 14 7RA HEz AN 9
3 ol & £ Yok

~0.4 1 % a #
Nu Pr '=-4—1"—0—Re (f)
x‘l-}- 0.061 } (20)
[Re(a/R)**] 8

3. x| ¥ Uy
3.1 HEEx

311 Agezt

Fig.1& & 7oA AR 3Y [FEE 9
) AEAAY AF=E JEAth 48 38
BAAG Balsted A ANE HIF F ool
e FRIYEE EYsid uidth 183 AL
Addle] npigBie] ZWAE G 2FAF T A
E ZUA olgol HEE $H3le EE=2 FE
F QA k. =3 FRANEE 100m, 200nm,
400mm, 600mm=]el WEE ARsn WF-EE
Z23R387] g%l LEAME MHASHT FFS
100 ¢ /holiA 1,200 ¢ /h7H ThgsiAl RSAAA
FFQAT AP FYEE Ydses g
Tl Bdehhe) 49 dugs A Ha,
ANg7to 2 RE §58 445t =9 g4EHo]
ZRJ9¥ 52 uiddth ¥d5E F3Aepdy
of 93l AAF FFol AFTR el zEA
3a, FHAE A FES SHINUT 2=
ZA& 48 FE W E 2mn, ZHe] 0.3mm, Z
ol 20um®] &g Jo} d¥die] FHE A F
of AN ¥ eder £3Ie Data logger
2 2xE 2%t

Fig.2= A@37tez AgREE 24 15.88mm,
127mm, 9.12m¢) B¢ 9.12mnQ! spiralfE. 1€
I 150me! corrugateFEE ARSEGew, Zo)
+ Seban™ Mclaughlin 22}3 Rogers®} May -
hew%9] =FoA AHE-E 27m, AL 15.88m
9l vjEd 3Y FEO %33, ojurt FFe]
S FEE 1588me HEAAE 7= 3o
Zol2 sl AR 18I corrugated -



256

HHY - UEE - B

Water Line
------------ Fuel Line
3 s
{ |10
- i
A | i TC}
-~y | |8
Pt 2
5 8 X X
ROL
3 X
s O RN N
4 7
1. Boiler 2. Test Section 3.

5. Coolont Tank 6.
9. Circulation Pump 10.

13. Computer 14. Furnace Tube

s TC ——————————
14 {
TC [

Fuel Flow Meter 7. Fuel Feed Pump
Pressure Gauge 11, Burner

12 [

s

L]

3o g

9

Coolant Flow Meter 4. Coolant pump-
8. Fuel Tank
12. Dato Logger

Fig.1 Schematic diagram of experimental apparatus

305
295
210
135 -
s
Jrﬁ L g
L) = =7 =
= -
o
o
[aV}
0
- I | |
(o]
o
[aV]
e o
~
o)
o o]
(@]
L <
— 0
o

Fig.2 Sectional view of test section
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