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Surface Temperature Control of an Insulated Horizontal Pipe under
Thermal Radiation Environment
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ABSTRACT: Procedures for estimation of insulation thickness for a horizontal pipe for conden-
sation control or personnel protection has been investigated, parallel to the previous work of a
vertical wall case. Parameters include pipe diameter, emissivity, thermal conductivity, and operating
temperatures. The results indicated that the surface emissivity plays a very important role in the
design of insulation, specially for the case of high temperature application with low Bi. The effect
of surface radiation in such case could be up to 65% of the total. Required insulation thickness
for the surface temperature control increases as pipe diameter increases and as surface emissivity
decreases. Adequate revision of specifications or standards to include newly invented insulation
materials with high emissivity has been also suggested.

Key words: Insulation thickness(% 8 A F7), Surface temperature control(EH-EX A o),
Horizontal pipe(5=% #), Surface radiation(ZE % EA}), Radiation Coefficient(&-AME

AgA )
A - Ra : Rayleigh 4, B4TgD’/va
) Pr ! Prandt] %, v/a
A Bg9x #93 [m]
D 9% A% [m] aglA 22X}
Le g4 57157 [m]
T 2% [T]
9 "ALS
h L @AYAS (W/m'K] ‘ e e
k redAe) ddEE [W/mK] 4 A 2= »
¢ c @A S [m] e : Stefan-Boltzman A [W/m'K']
Bi : Biot &, AsLe/k
Nu : Nusselt <, hD/ks ot & X}
¥ Corresponding author 37 3 9
Tel.: +82-2-910-4673; fax: +82-2-910-4839 1 e 9ud
E-mail address: skim@kookmin.ac.kr cHEAY BH



5

5

]
<

B

Zﬂ}gﬂo = <
xqu TAY FEo] g Aejnw
s Adgd

ool
o2
Eo A

71710) g7t AR 9o

[e)

=S

Z
24

)
=

LA
= g

o

L

o T
T o=
b2 W g
T = B
T z 3
wwﬁ = .
o Y .N.bvﬁ ‘g
T o= w9 = =
T o 3 o
oo e o L 2 £ e
P wON OM e —_ o :
="K q o 2 B 5
o o 2 = 5 E g -|2 7
..wmﬁa. [ s ]
SR B 3 PO i
5 8= = < = Z & =
S = g < & w 5
T 4 0 , 2 £ E 5 g
e ol i N Z = . = S g
e o B T 2 g = T2 £ 5
A = K () - = - g2 2 g
=T R T E = 88 5 .
Envumﬁ & = o g - c B
Ao B HJ Tl i - g ES s
e — o = — o g g - T
7T W H . e 9 . 2 3R = B
R ) W £ & =% ¢ 8 E =
£ E._.L.._ o F noo < =
B oo o s g g £ 5% ok
o = £ = =% ~I18 = G-
. T £ = = z
= S & =
S e v w® N ~ 3 m - o
el 03 N
hib B o "ok =t Wmo T —_ ~ ;w o
o [ 0 ol o) o % o X | =
r}%ﬂ%ﬂ@,@x o Jﬂ.%ﬂ o J e B
& ST Fom 0F M W oge Wl o
w D % TERE wET T B M T
O F e W E w | & % _foq,é%%a@ﬂf}
4 CIe— = X oF oY = T e’ o ol =5 po 2, ) o h_am oo do T
AR R TETER S »%mﬂwym%ﬁgﬂwsﬂh%ﬁﬂe@ag
el SR o - - fadive " R ; i \ — "
TeP L8 ETT TR aT W%ﬁ%%aqgm%%wgcmAQHQW%%q
a9 CEy & o ) EEEE e X T otﬂmiv% A
aThﬂﬂmLﬂ,zT@mu oo ZT%..%%,w_mm%%ﬂ%%muwgm o wEEﬂﬂ%
N = ly — ﬂ.l..q., — T i —_ y X
ﬂ%ﬁﬂaﬁ;%ﬂ% MM%%NPA s T a%h%éﬂ%%%aimﬁ%mﬁﬂﬁd
FENG R £ w s o mET oo Ze B g T B - AT =
N A N e ) R i S G P EE
Eﬂgkmﬂ%%jﬂ %Tﬂﬁemo M;ﬂfnzlﬁmdit%ﬂ@r\ m%ﬁaa&@?@
SE I S-S Ewa%M$Mme%e%me%%¥@ﬂa4%ﬁ
g— I U 14 - .1 7]\ ~
,g,w@_‘.,ﬂ%%ﬂ;h @:;k%yﬂ %mm..h;mgao.m(aﬁﬂm_#lzzA W T N
oK Sp RO G W g g de oF ® 4wb,ulﬂanﬁmha%d].w A\ﬁ_s . "o © 2
aﬁﬁd,mﬂ%%ﬂyw o o R zTﬁﬂWﬂlﬂi?S@iﬂ.,ﬁ s%\_f&lﬂmomc%
ﬂﬂ.;@ﬂ,,&%w}Aﬂ%;%m %@@ﬁ?wyﬁgﬁwwm%mmﬂ%ﬂ% LT
@%ngﬂﬂngﬂmb%%éwﬁ E%ﬂm,_.,m,qﬂ%dwﬂ%e»m %1@1&4%7g
_L..ixﬂeﬁaolmM%?,A}ﬂourm1% 11%.%, % ,a.a.‘ame}o_e_}g T T
odr o E o ~ ol OIS ST PO [ - oWz o= T 8= s
maﬂ}‘%c.ulu Ao&r}ﬂgalPxﬂ. = = tgo%a‘%iWWL <0 3T TE N
,chaLE%Wz@.ﬂhu. o0 arﬂz}@@ o 1311:@.§%o_€1ﬁ,h wrl%
79»@1».,“&0%.,.&._01@4&:_1%%&.% g Lﬂaﬂxﬁk_ %WOE e
nOT b 5 T 3 o d o D ad.xﬁ]ﬂﬂlm_-ill A ]
5o = o ow W ow o I TR = & 5 M- :fuyu_‘mwowarod
o ¥ ormm,r@sﬂlﬂeﬁgﬂcfﬁoﬂ.%ﬁamnﬂ@ﬂ@ﬂ%ﬂ
,.,o!ﬂoxr.nzﬂ na%nbwglﬁ © ®
do R g ol T Mm Ma Y < e ! il 1 Mo oE \m_H
.ﬂﬂu@(\fxﬁﬂ.ﬂa)} HO
TR e o ok T %
.%%Hﬂ_a@
x T T



5 CEERE R

3 F7F AR(s-A) Ateldl VA BPAE A8
b A1) 2ok

EQ = QCO?ld— Qconv_ Q'rad =0 (1)
A7NN Q.S G 79 HAS TetE o

g dH= EAE
@& o, 2o €
&

A¢ AP AAZAE Asao FY G8T 2
o wATAd gl Ywsa A Ao

. kA

Quna = kA= U1 -7 @

A(@2e AEA FasA 449 5 9= 58
g RN L v G SFAE vehdd
W3 Dy, 97 Dy %) 9% BE) st oA
L, = og3 Zo] Fojdoh

D
L= —23 In(D,/(D,) 3)

SHA EE 271 G4 s xold F9 W ed
2o At 34 Al £, =17 Ha 29 2
o} ezte] EWEAL Q= e 2.

2% ;
1+ €2A2(1~ee)
€, 4, A
Ez Ala AF 27200 wr 2
535 AA| A8l eeAe(l €)1 B A(3<<101

B AWE U 943 AG)S 2o & 5 gk
Qros = A0 Ti— 0 T ®)

FE A =238 1d dFdAld ARLe
& 2A(p)e B FTo]H ),

Qcont:: hcA(Tz‘ ]1(1) (6)

sETRE EHste 2AARE Q, & UFs HA
digel BPstel TYJLRE Q= Q.+ @7}

Ana

97 BALALAS b, = e0(173)& =92 W o
& N(NH 2ol zreks] AFsjste] & £ Uk

Q.= hA(Ty—T,) ; hy,=h,+h, @

o71M he BV 2QAYASE UEhl &%
T, = (T,+7.) /29 @57 4o,

22 BHREHAA

4@ AME ol gakR A YA AD)e
gest 2ok

(k/L)A(T, ~ Ty)= h, A(T, = T,) ®

h. L. N
o714 %E& Biot & Bi=-—lfk-L93r 23194 )&
T,- T,
T,- 7,

4oz & 4 vk

& 4o3d Q)& dusd 1ad

Bi=¢ )

AOre vdadAe Bz HHsA AHEE

itk A1 AARY HeA 2 AN 279
EALE F9 2xzydo] FolAW BiE 7Y
QA % Aol Had FI B FA L, ¥
gale Bede) F & d¢ = Uk o 34
N EUEIAALDAF h B HAARHA I Ao
P42 o},

RFAALAS hol BAME Ra < 107 WY
8% F99 Frol Ug FHAddF W
Corcione et al.”¢] #AAS Hgate] AL 53
s,

oo

Nu,= 0.701+0.411 Ra%%;

; : (10)
10' < Ra < 107 (Pr =0.71)

FHFdAGAT BAEE [ UG 2ol
Holste] BG4 HAEe] ol &3t
h,
fhr:h— (11)



A EE TPote

23 =1 AL wd
2 ATE Aed i B4 F EW 42
WAL e AL Alage] H$(case 1)9} st 5
QA FA A B3 A 2] A Rcase 2) F
A g dEte] Masled o %9-?’“‘ T e
34 AAde] F5H 9= Table 17 Table 29

S LA & A 2
-7 2] AF g8

RE 708

o o N I 4t lo
fo N2

_?f_‘
pata
i)

T a4
71# o2 o] 0.024 W/mK
e g4 BAE g o
wet 60CE AA
& 71&8e] 0.038 W/mK
%‘%73 1/290 A 2 5-¥] 891
of g3 A AHg3}
- el gk Aoty HA)
ddAdm G vhd A s o theglon
A== FE ZA(e=1)
28] HE Az A= 7H3
e A BHPANEO] 088
A @& kRl
EES(Engineering Equation Solver)
sl

& BYAS %S 93 He) 42

to 2 |o

o v,

)
_QL
2
i<

[

2
o
_?L

w2 g

R o2
poed
—ﬂ' !

e

oo o6 R oan HT OB A
>~
R
°

Ay
= (o -
o
rlo o o
op ¢

2 b e 3R
orﬂﬁz
2
B
N oo
= M !
r&"‘
. H
.F'-I
4n o

ot
2
;%

o
z

ki

yo |
-

&
&
b
R

7

2

i
& 4

il
£ oo
L

2
o

ko

Table 1 Standard conditions

Ambient,
T

30C
15C

Pipe, Insulation
T

1 surface, 7,
5T 27.3T
250°C 60C

rotection

<case 1>
<case 2>

Table 2
Units

Parameter range

Standard case Range

0.0213
~0.219

0.0~1.0

Pipe diameter

oD, D, 0.089

Emissivity, ¢ - 05

Thermal
conductivity,
k

0.024{case 1)
0.038(case 2)

. 0.020~0.045

W/mK 0.035~0.070

Temperature,
T

21 3(case 1, )
250(case 2, 1)

20~28
100~350
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Fig. 8 Insulation thickness t vs D, (case 2).
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