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A— mean temperature 2 14 2 ﬂﬂ'D
LAMINAR Re, < 2300 TURBULENT Re, > 2300
P T : » T >
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entrance Jully developed Sfully developed hydrolically
» . . T(r) > T(r)
region hydrolically thermally and
thermally
7,(0) X, =D-0.05-Re, ‘ Xy, =Xy, Pr Z,(0) ‘ Xy =Xy =10-D ‘
h(x) mean
temperature
local convective ” B oT local convective
heat transfer coefficient fully developed @ =h '[Tv - (x)] =k or .., heat flux
h, = const
H x
x T,
mean temperature
heat transfer by advection N
J' udA, -[ pucpTdAr circular pipe
g g = [ pe,Tudh, = pe,T, [ udA, = pe,T,A *——= pe,T, Au, = T, =t -2 furar
A A, A " nc Uty %
8 »
Th - ics: enthalpy . .
crmodunamies Energy balance for entire pipe P
Aq = mAh = n"lCPATm
T,. eony T,
heat transfer .
by advection Gin Dour Qeony = MC, (Tm.o _Tm.:) (8.34)
x=0 X =
sie, [T, (x+ 4%) =T, (x)] = b [T, =T, (x)]-(P- 4x)
@ A ar, _ , P o .
Geony Heat Transfer P e 5 e
Equation ’ Initial condition
energy q, G heat transfer
balance " . by advection for T, T, (0) =T,
dT h P
Ax (8.37) 7”‘ = = [T: -T, (x)] if T, is specified
X c
T (x+4x)-T, P
m(‘x x) m (x) — hr[T;_Tm (x)] .P
Ax ’ e,
” ¢ dT h P dT, U,(x)P,
g =const ar, _ (?SP T.(0)=T,, P m = 2T T, (%)] T, = const m 1( )P [T,-T,(x)]
dx e, X dx mc, dx e
Mean temperature ’p _h x _ U,(x)P,
distributi T,(x)=T, + L7, T =T +(T =T )e ™ e,
lS[f‘l Autwnlof m i e (8.40) m ('x) - s +( mi L )e (8.42) Tm (x) = T‘m + (Tm’i _Tm )e ! (8.45)
fluid in a pipe:
Rate of heat ” = = ATO =T, - Tm,o
=gq,(P-L s =h-(P- 8.43 =U,-(P -L)A4T,
transfer: Qoo = 47+ ( ) (8.38) Qe = h-(P-L) AT, (8.43) eonv . (P -L)AT, AT =T -T.,
. — ¢ . .
¢/ =h,[T.(x)-T,(x)] P AT, — AT, 4T = =57 T. is given
Surface q’ Pq; g m = TAT, instead of T,
= += =T +—x+-— [ = _
temperature: T’ (x) T"’ (x) hx e n'wp hx n AT; ATI = Ts _Tm,l in (&42)
replace h by U,
entrance fully developed replace T, by T,
region I :,
...................... n
overall convective coefficient thin wall r, = r,
— 1
U = =
7, Yo lnnnl 1,1
| X x h, k 1, nh h, h,




