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Falling Film Heat Transfer on a Horizontal Single Tube
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ABSTRACT: Falling film heat transfer analyses with aqueous lithium bromide solution were
performed to investigate the transfer characteristics of the copper tubes. Finned(knurled)
tube and a smooth tube were selected as test specimens. Averaged generation fluxes of
water and the heat transfer performances(heat flux, heat transfer coefficient) were obtained.
The results of this work were compared with the data reported previously.

As the film flow rate of the solution increased, the generation fluxes of water decreased for
both tubes. The reason is estimated by the fact that the heat transfer resistance with the
film thickness increased as the film flow rate increased. The effect of the enlarged surface
area at the knurled tube was supposed to be dominant at a small flow rate. The generation
fluxes of water increased with the increasing degree of tube wall superheat. Nucleate boiling
is supposed to occur at a wall superheat of 20 K for a smooth tube, and at 10 K for a
knurled tube. The heat transfer performance of the falling film was superior to pool boiling
at a low wall superheat below 10 K for both tubes tested. The knurled tube geometry
showed good performance than the smooth tube, and the increased performance was mainly
came from the effect of the increased heating surface area.

Key words: Falling - film heat transfer(+8}9§2 €3¢), Lithium bromide solution(8]EX 2
vlo] = 48 F), Smooth tube(H & &), Knurled tube('d &)
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Fig. 1 Schematic diagram(a) and photograph(b)
of experimental apparatus.
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Table 1 Specification of test tubes

Tube name o, Ratio of surface arca besed on
gnooth lube
Ovter diamettt = 19.05 mm
Smooth tube 1
‘Thickness = 1.07 mn
Outer diameter =
e 19.05 mm
Thickness » 1.09 mm
5 26 fiss/inch 3
” Fin pitch = 0.7 mm
Fin height = 0.45 mm

2 Solg. & A g9 F3F AUy
98, 29Uy FEE, 49 F LiBry %
g AZs7 98t AYY FFA, Hdgy
A, 434, =4 & dAsAt FE&Y9
TEE 9% Berle Ads 4% 11 mm
AR AAFAYeH =& 2 mm F49 74
o] 45 mm tFo2 Ailgd AF =E¥elth
APYRABRE A5y oz FAsgen(&FF 300
mm, o] 400 mm), RAHR FsHUE TN
(A7 150 mm, 74 10 mm)S A X3t A9}
$5€ S4BT & £ J=E g3 MRS
A Unx AdFdduies Rz d&4ds
o7l 98 fFEldeR 998k 1 9o} &
a2z gro HAAZ §F52 st LA
3, §49= Jtds ¥ WASHEE $%7], 3
2z To FAFA7 A=

Ao ALEEE ZAEF A LiBr £49& F4
7] 98 WA FEPzZz FAU FUNE
Z718tn FE£94L 9Role YR FYHA
Well Fatde. f98ga Jeo FUE 8
L AYFuA s FA4YT 25U EFLER
A7) 7Adrld 98 = AdedtE 2%
e AAYWE £stA drh B 899
Z23 gy 5719 &5 A4 stEs 2
zZt7t Zbzrel fE2 oudg. o £49
Z9 £F7E 8499 TH2x oo &F
= Jtd5ote 2xxol o8 Auhe] AW
A FgeA Hun 4 AP 2= gty e] W3t
A e AAYEHS TeEHd JdEved g
AP Y 25 5)E ASsA €
g, $£Z7)9 wAFe APdd =2 dAg
£%7) 9EE Z2% £37E %71 o)&3
g dHez &AM dE 559 FE AS
A AN dojAe A FaF we
2EE T LETF AQT? Adl 77 4A



FRTH 39 fratde dde

A A4F 90° AR HAFY ASd ol
SRS e AU EE AHESYTh =%
LTt @& AZs) Astd 429
A4Edy 2779 274 dAddE HXs o
gozie IS ALHA

Agd 29 FIHe A 1905 mm, FA
107 mme] T3 By o Ho| 1
BulEe YFoz styd 2YR T 2FolH

(Table 1), &} MNIdHo HXHole 2835
mm °jt},
3. dolg} 24

Fetdute W) 9B WAL WE2E o
Bo dolezz YEHE Sede £ 4
o F9 LiBrel 55, AW A54d, Adw
FYE Fol gom o7 dojrzss AW
FEEE A2 G go) Foar,

Res=4 7/ p 0)
ATsat = Ty ~ Tow 2)

Ky 29 AgAY 2 T 8719 493
e ALd@o] PFee] FHY 2w SeyF
golth.  AEW d9dogd FEd §¥ =
AR FFAE o183 218 4+ A=E 3
Aok g LiBre] $=9 A5A4YL 49
9 ddyd dxg S4FEE oy
o] &3t AF3tATE. LiBr #8949 E4X
FEEd EHAE o) R, ALgF
OE HdHe T df&d A9 449 A
E AR S T #3579 AT F49
Egc e s34 2= g A
7M@) ol 83td O&H Zol AY
=2

i oo to > 2 rfr

Q"=Q"e+CI”s=m”dH+medeo/A (3)
by = q"/ dTsa (4)
E AToA g3 Addhe] WY E Table 29

Bugion ol dsase BYo EAlste
FRYGeoln olzie sgAel 42 WIH

Table 2 Experimental conditions
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Parameter Value
LiBr concentraion(wt%) 53
System pressure(Torr) 60
Wall superheat(K) 25-30
Film Reynolds number 50-500
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Fig. 2 Steam generation flux with film flow
rate.
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Fig. 3 Sensible heat to total heat flux ratio
with film flow rate.

427 wAReE wel FdA ¢ ERF e
shetg & Qe

Fig. 3& & %49 ¥ 2ol 39 43
o Z7tol Wa) HEBE Re 400 BEAA F
Hagrt 2 o gelAE oz adE ARE
Ba F o]t A% dolEzs 400 ol4el
2o AAFEel vl AGUAS B¢ 39
o 80% AEolw g FFo| FYRE
#59 @ol Zasd dshte @steld
A BB B AfFAA AW Fo
o &%7 F dEde ¢ & Yok 4
JAE dfEe gol A HolE=s
A Ad dAE #e B F3 3
% it e vEin Yo
Af% dAlAs MW FFRA o
G F7hol BE A3oln AY Y4fF ol
A ARGl F7hz Astel Ghol
g ¢ % Uok

Lok A

,d
-

B8 o o dooox
O i ol
ol =
e
ofN o
ot b 1 i o

B>

ol utg g

S
N
r
ne
e
i)
e
Hn
o
3
o

Fig. 45 A9#Zo] dAT H$ol slolrg
w0z AuAHgN 2 ¢
Zoh. HAEd HEx9 FUt
s Z7te o)y A4
W3} odubr}o) o] FX L% XMdriving temperature
difference) Z7el W& ZAdoltt, FEHo F
2 20 K, d¥#9 A$ 10 Ko AEd #HE=
A FZF7)e] wAo] FA3 FUIEA HEH
ol #ulz o WA 2g Az Jydrh.

1000
[ e, =100, P=£80 Torr, w53 w%
[ Tubssutecs: ]
O  Smooh !
0
5 s
£ ’
o E
3
g 1w
o1 TR | N

10
Wil supertat (K)
Fig. 4 Steam generation flux with wall
superheat.

dagel ASoe AR vle AFH F2YH
QA P Fo] HAF o FRIH FF o
o] FA7 Aoz grolAlAM F}e HEd
FIdEx P Fo TS 4T F Ut
Fig. 5 Ag9d A4 18 o & 9F
o) g FIHEY HE EAF yleld.
BT AL 2E43d AT L H59 viE
S AEAALE 20 K7HA o 50% FEoln 1
olFd] AF HAaFt EHFA FE HAE
HolM FEEH & BFL Holy A HEA
FdEoA FAHE AT FLRSY v&e
Adundze Frlo dd FAsn 2 HEd
Az 2542 435 LS ¥l 49
Heo] AL A HEAAI LA £F7]19] SHAF
2 otz =2x gx gy gREe] 4542

100
g, =100, =80 Tar, weS3 i
O sman
® rued
£ o
5 |
£
5
<
!
k-1
5 o
L
0 . L1 L
0 0 ©

2
Wil suporheat (K)

Fig. 5 Sensible to total heat flux ratio with
wall superheat.



YOS o) Faely @¥Y 647

dEfFHol AAsA doh. webd dAdddd
=7t S71ESE 3019 dAd mE qHT
FEfFEo] FBER FEHS5Y F ERSd
HE vee Ao FasA d4

43 72|& ¥ 245 Yeto) vl

B AT Qoin AHe $54E AFa]
Aste] 71&ol WA FLu5 A% Hum
stk Fig. 6914 2 4 A%l 10 K ol3}e]
AeW FEdEld BERT dPwe FadY

QAge Feu 5o He 3-av HE S5
#% A%E we) G, 2 olge) Hdsd
NE Q288 Hulse] B u}t 9 9
£4 A%e 2o TYen ok Fz WAWH
o o) &g Aol

44 28uY 24

B Ay g 2 HAh 5459 B A
At dHg 74]—"‘-«1 B Ao Table 391 e
Yootk EHgAS g2 @) Zo| A4t
He mar dAE Agol U ERYH4L ¢
Z719 2A=g, L9 {F AdHH £49
9 X Fo A doddg, ol B Agd
A AHE" AZ719 #HA(biased error)9t AlZgt
9] & (fluctuation)el] 23 #AF 2 X} (precision
error) §& ol&3tad HH® A B 2y A
ol oA Hd EFd4e d¥BY A ¥

1E+8

Ws?m,mrm,_vwfw
1 @ K
O S »
1E¢5-: ———  Neshirratsu &t 8.[1975) J
4
s
% 1Ed4 <
| E
5 E
163
1m ' T 17T ITY] I B
10 100
Wall superheat (K)
Fig. 6 Heat flux comparison with previous

resuits.

Table 3 Uncertainties of film heat transfer
coefficients

Tube kinds Smooth Knurled
Heat flux{W/m® | 3537.2 | 759369 | 4466.7 | 186370.0
Heat transfer
coefficient(W/m’K)
Uncertainty (%) 563 | 457 | 652 457

1676.8 | 2242.7 | 1834.7 | 58368
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