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Equation Conditions

Coeticiant
LAMINAR FLOW
R 5 4

Local friction coefficient C;, = 0.664Re, " ** P:' {U : "‘Rm 5
Local Nussell number at Nu, = 0.332Re, 0 3P0 » Pi : (}-l' R:. 2 - : s

distance x from leading Nu, = 0.565Re Pr)® s RE,

cdge ,
Local Sherwood number Sh, = (.332Re % 35c%* SR“: > ":'-Sh Rf-';}f 5= 10
Average [riction coeflicient C; = L3Re,~*? F":r. {0 ; IR'E -
Average Nusselt number Nu, = 0.664Re, " P02 r<0l Re <5x

betweenx =O0and x = L
Average Sherwood number  Sh, = 0.664Re,* *S¢%*

TURBULENT FLOW

S¢>0.1,Re, <5 x 10°

Local Irniction coefficient C,. = 0.0576Re,”%? Re, > 5= 10°, Pr=>05
Local Nussell number al Nu, = 0.0288Re,” *Pr° “}

distance x from leading

edge
Local Sherwood number Sh, = 0.0283R&" "5c° Re, > 5 x 10% Sc > 05
Average friction coefficient C; = 0.072[Re, "% — 0.0464x,,/L)]

L s
Average Nusselt number Nu, = 0.036Pr® *[Re,* - 23,200] } Re. > 5 x 10° Pr>03

between x = 0 and
x = L with transition
at Re, ., = 5x 10*
Average Sherwood number  Sh, = 0,0365¢ *[Re,®* — 23.200) Re,>5x 10%,Sc>05

* Applicable to low-speed flow (Mach number < 0.5) of gases and liguids with all physical properties a1 the mean
film temperature. T, = (T, + T, )12

Cro=tpu.2s) Cr=(0LCpdv Pr=cuk

Nu, = hx/k Nu = i Lik ke = (1000 [5 hdx) dx
Re, = pu_ x/p Rey = pu_L/u Sc = viD,y
Sh, = h_x/D,, Sh=h,LiD,, By = (1/L) 8 b x) de
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Convection Heat Transfer (Internal Flow)

el sllan oo 5 sl oz ey ol & JUiS

o1 Laminar
— m)) &y
Uhgiie Turbulent
g’ =cte o ) o 3
T, =T =cte cbs)l> sl S Ll gl

i bulyd 5l sagee 2>
=9k T,=f(x) )

Entrancedyl 59,9 4> ;0 () N Cad¥s

Fully Developed (a8l axwss) dlgd (554,951 590 akold ;o b, oylawe (¥

Surface condition

T,>T1(r0) 9]

—
— =
—
—
—
I_‘-"

I I_‘_I__.l P | S .

T (r,0) T T T, T T(r.0) T
| <I Thermal entrance region| __ Fully developed region >
J 1
—e Xcr

(99,5 oo @395 9 a8l anwgs sbod i) Sl ()b > S
:[‘,.l)b a8l IR oS $ asl I
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dx dx x  ox 0x
LAEIA

m
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o ox ror\ or
2
[, _r|L, :li(ra_Tj ®)
o r,)ox ror\  or
r=r,=>T=T, a7,
T = f(r, srs—"
r:O:>?)—T:0 / a?’“
' r2 T'” =g(r0-j m)
u=2u,(1-—) ox
ro oT
Tm =')V(roj m)
0x
S 28,5 amis g5 s W g, ol
q” = h(TW _Tm)
¢
h=BE _ Nu=tD 3 _ 436 ©
11D k 11
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il dews MalS ol Y b,z )
el azdy I Thyslow Ty 25w cplyo
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q ( w b) (v)
q=-k(T,-T,))
k@, -1 —pa, -1y > =k
dr| dar'

s X @b 5 hasei o ol o Xl ol co G 9>

(g=constant) o s Sl ,ls 1-a
T\)./] q=Cte T\)./’)
_Tuy _Tuoy

Nu=4.36— % =4.36

g =hpIAT — AT =4 )
hpl

AT =T,,-T,
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ol lgs sleo -1b
Ty
_Tuy T,
Nu, =3.66& %23.66
q = hplAT 0
AT =Tw—T,(x)
‘e (09,
AT:TW—M O
183 M)
. . drT,
mC ,Tb, + hpdx (T, —T,) = mC (T, + 7 dx)
x
hp (T, -T,)=mC, (Zcb
. b, ,
mcC, TIH ar, _ jdx
hp Th, Tw - Th )
o C B
m P ln Tw Tbl =l
hp T,-1Tb,
mC _ 1 QAD)
hp Tw — Tbl
In| *——
Tw - Tb2

q=mC ,(Tb, =Th,) = hpl AT

mC,(Tb, —Tb,)

AT =

AT =
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hpl
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v _Tbl

T
ln —w = 1
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Radiation Heat Transfer
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