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Temperature Field of a Falling Film with Constant Heat Flux Boundary
Conditions and Its Influence on the Infrared Detection Range
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Abstract: A falling liquid film (FLM) method for suppressing the vertical infrared of military targets under
constant heat flux boundary conditions is analyzed in detail. A flow and heat transfer model of a laminar
falling film is established. The temperature distribution on the falling film surface is obtained using the
energy conservation method and omitting the liquid film inlet effect, which simplifies the solution process.
By comparing the results of different studies, the effectiveness of the energy conservation method for
evaluating the heat transfer process of a falling film in a fully developed section is verified. The recognition
distance of the detector to the target is calculated using liquid film infrared suppression technology. The
results show that increasing the flow rate and sufficiently controlling the inlet temperature of the liquid film
enhances the infrared suppression effect on a specific target. The research methods and conclusions of this
study have important applications in providing a point of reference for infrared suppression of military
targets.

Key words: falling liquid films, temperature distribution, constant flux boundary condition

0 3= Y252 Gimbutis 28834, Shmerler A1 Mudawwa[s'é]\
= Saouli ZE7, 32 &A1) T 53 oK 3 vV i AT

T B AL BRI B AR PR S B AR T, H, 7 Saouli R, ”’H%Wﬁﬂﬁ)\
eI A, 78 T ZE AU A B o 4 DAL, KB R, 1528 T ERR FHRHR
% NusseltE g T Em s E S5 ARME  ZRERRSIIRE 0. 5 RREESI i,
M. {ETEREN S AP AEREIR 25 F T, 5% SR, 53 7EEER D R T R 2

Yis HEA: 2021-04-07; f&ITHER: 2021-04-28.

EBEN: ZRHE (1986-), L, T2Mit, BB TR, LR S H PRI RIS 4 & B GUR I HT F . E-mail:  19066815@qq.com.
BIEES: MK (1985-), 9, THAdd, YR, EZNHE BIRLAMHE S5 AR ST 7. BE-mail: dycheng@yeah.net.

EEWH: EREAREES (11504426) .

604



F44% Fo M
202246 H

EARERSE: E L TN BRI FE 3 B Fons £ AN R R FA S

TR A s B PR AUER A, /8 718
PR AN B BE I 120 0 2% A RS B 2 UL e I R 50 POl P 2
A1 BB KA B 5N B3 L KR ZE < F A
ZLAMR LA U & EEL R Lo K Davis 2
AT TR T, I TR AR, (HIZLE
SRR L K T iEARH B, 10 HK 2 B AL
NSRRI T AR AL XS S ) E PEETT, A s )
LIRET AR Delpy e Sl ST VA

ARSI 7 ot st P 37 I FLRE 2L A MR AE 1) 300 )
ROARHAT TR i, R REESFIEL, filt
TR B 5, A8 TR N 2 i PR
H R T AR A AT, e BT AT T R L AN X
R BE B R0 o

1 $=H7EE

Mg BRBESERSZ B HWE . AR SRS 2 R
H S PREE B3 (LD 25 57 o 3B AT T R e P 15
HTA AP AR L LD AR

I HTBUIRAE B BB SRR (anlE 1 P
IR, RVOBUIRAE ReBE FE N 7870 K, X F—1
WA, HE T pg(A—y)de 5HEM: ) udu/dxedy
RIAZAHSE, A4S

du

pg(A—y)dx=ﬂ@dx (1

-
=

vV

-

sh
l |D P.,CpttTdy

g, dx

~h
.lu pc uTdy

d s
X —\ pc uTdy
el et

1 OTR T
Fig.1 Energy conservation model of flowing liquid films
LT
y=0, u=0 2)
IR BN Re=40T 0, IR A HoAh A2 5
HI AT IE B, (3)~(6)2 70 7 A VR T [ E L o
ViEE . 5PN Py i) 20

u<y>=”g7"2[§—§[§jz} @

Vol.44 No.6
June 2022

2 A3
g, =25 ©

3u

21

A=%§mr 5)
jAPudy A

y =7 _84 (6)

" pA 3v
K@)~ (6): YA E R PR uh
ARSI JIRGEE s O NIRARIZENRGFE s g AEE TN EE
PNTIEE R AR IEFE
BWEHIEIIN L BUSN, AR T 7857 K e
W& MR @R TR
v =aZk
ox oy
X THRE: o AR HUR.
HRAE -1 73BT A

A4 A4
q,.dx + IO pyculdy = IO p,culdy

(7

8)
d (4 (
+ E(J.O pwcqudy) dx

BT N E RS, P58

1 A
y jo uTdy )

7} =
um
LA EEEEIF
a% _ 3vq. (10)
dx  pc,g4
AR AAE T dT/dx=dTydx, & XTCENAFR
Y=y/4, RGN REETHEN(T)EN:

2 2
" (Y_lej e _o ST an
H 2 pc,gA A0Y
WA FAEN:
x=0, T=T (12)
J’=0,—ﬁ,a—T:qw (13)
y
y=4 aT=0 (14)
y
R4 R A3 (14) 7T LA
T=M(—1Y“+1Y3—Y+cj (15)
208 2

K C NG P AEREREFE L, Hhl A %43k .
BEMRE Tw 2 MR x A RM, Rk T OF1, R
Y=0, T=T, (16)
AR X(15)15 21
_ DA _Lya 1ys
T=T,(x)+ 2 ( 8Y +2Y Y) (17)

3 i A 20 (3) AR E 0 AT (17RO 4R
605



446 Holl AP /NE SR S Vol.44 No.6
2022 %6 A Infrared Technology June 2022
R(9), TRV 5 R IR 5 2 4 o
—%—Integral Solution
17 A —8—Conversation Solution
T.(x)=T,(x) —g% (18) is e o sation
MRG0V MYILE KA (12), W LAFFH]: al
T.(x)=T,+ 3“qw3x (19) z
pc,g4 25+
XA KANN(17), BRI KR E X
A
17 q,4  3vq 15 ‘ ‘ ‘
Ir=Ty+_——+—3x ~o 0.1 02 03 04 05
’ 35 4 pcpgA3 x/m

. 3 (20)
+M{_l(zj +1(1) _1]
A 8\ 4 214 A
TEHGREEATE T RN
h=qw/(Tw—Ty) (21)
MR T 306 B 5 RETR ¢ R 50(18), "I LAfR
FITE ARG T XS I 20 R 2
352

= (22)
17 A
TE B HEIRBUN :
_ha
Nu~/1 (23)
2R RN K (23)15 2:
_35
Nu_17 (24)

B (24) T A1, 7E 20 N 1 B RIS B 1E # a2 7
SAFIIRTHE T, YRR B T 1 6 SR JE SR Nu
L

M 2 FIE 3 7] LG TR R A FIES A K R
BOW AR AN 28R BN — 2 ELE . B 2 Wi mT
DA tH R R I e 0 2R 8 — MERAE 3000 Wem 2 K
FoAr s T AR Pl AL 74 R B RE A R H bR 3R TH
L,

5000
—¥—Integral Solution
—8—Conversation Solution
4500 1 —+—Saouli Solution

0.1 0.2 0.3 0.4 0.5
x/m

2 fERFUS A R EE

Fig.2 Convective heat transfer coefficient under constant heat flux

606

3 (EARIBUESS 2E /K

Fig.3 Liquid films Nusselt number under constant heat flux
2 REX BirREE AR

U b B P s B 5 A 52 A PR E FAR IR s, m]
WONTERETH - B 1H Rl 5 4 1R o ARG 5
Ky MIAEFAF NBIEN TR E To=20°C, BEEHR
M qu=50kW-m?, FiEHFI=025kgm's!, &
SCRSHISFIERE, 5 Saouli ZEUIK) AN EZ KRB
AT L, i 4 Fis.

70 —e—Conservation Solution
—#—Integral Solution
=8 Saouli Solution

Temperature/’C

20
I emperature of the film surface
10° : : : : :
0 0.1 0.2 0.3 0.4 0.5
x/m
4 BRI VRBRINR L ISP IE MR SR Saouli il iIXLE

Fig.4 Comparisons of the numerical result with approximate
solution for the wall and surface of liquid film
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