(Flow inside duct)

() I . ,1J1°

Inwviscid flow region

Boundary layer region
vlﬂ_ V(xlr)—!
‘_* ” Entrance region 1 Fully developed velocity progile
31
31 rl
( ifrom velocity)
(Boundray layer)
(5%

()

(Entrance region) (Velocity profile)
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(Fully developed velocity
profile) V()
(Velocity gradient)

Lt 4 T
Thermal Entrance region Thermally fully developed region

32

32
0
(Constant heat fiux ; "= )
(Unifiom temperature ; Trdl)
(Thermal boundary layer)

6. ) ()

(Thermal entrance region)
(Temperature profile)

(Thermally fully developed region)
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(T=Tp

Jar il
| 2 = (@) alone

(- Dimensionless temperature diffencc |

3.3

aT T-T(x.r) -0
T-T

(1) (x)
(friction coefficient)

(Dimensionless variable)
(Pressure drop)



(Shear stress)

(dp/dx)D
pv2/2
= = = fAi— X. .
Ap=\dp 2D)I(dx f2D (x2 ) (32
I"";_tTT Al
0X N |r !"0
p—: 1 _d—;éx e
PP
34
(Force halance) 34

(dpldx)
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-4p W
PV2/2 dr
f =
| =
X5 =
P =  kg/ra3
.=  Pas
V= mls
3.3

(Velocity gradient ; AC)T)

3.2

(Convective heat transfer coefficient)

(Heat flux, q")
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3.4
I'(r,x)
1 )
5r r=r0
q"(x)= h(x)[i (x)—Tm(x)] (3)
h(x) = | K
T(X) = X K
Tn(x): X K
(34)  (39)
<TM(rx)
h(x) = 3.0
WeEmsr ] & o 00
iy
rl;ully Dcvclopc?cfi_lc
35 (
3.2

(Temperature gradient)
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31

3.5

Osborne Reynolds

32

3.6

pvD

(Dimensionless variable)
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3.6 (Pr« 0.71)
(Entrance region)

5
pr X (38)

3.8 1

3.6

Ludwig Prandtl



_ M
=
Nusselt
Nuy=—
K
(Energy balance)
(Constant heat flux)
=0"As

(Nu)

(3.10)

3.7

(3.11)
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q" = wim:

As = ,m:
dg="g"dA
—) Tm !1Ta! -KiTm
1 +|'—J
T
----- ) X
0 L
3.1
(A9 = 2ur0L (3.12)
L= , M
0 mCp(Tmo ~ Tmi) 813)
m = , kols
cp = ,Jkg K
T = K
Tw = K
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3.1

dg=q"dA

3.13 3.14

dT (x)
lux g* = me

3.1

Tm(0) = Tra

Tnix)

X=0 X

270r g*x

T ) =T gt -

3.17

(X) (Slope, M)

; 21trod

mc

M

3.6

(3.14)

(3.15)

(3.16)

3.15

(3.17)

(3.18)

(3.19)



Fully developed
region

| > T,

/

'I‘ > E.ﬂtrm
region

3.8

(" Ir)
3.17 (Fully developed
temperature profile) (h(x))
3.19
3.8

(Turbulent )

, 3.9

L (Laminar sublayer)

2.4 (Buffer layer)



3 (Fully Turbulent layer)

Laminar Sublayer _
Temperatere Profile

\ [
6 L 1
‘Buffle layer Velocity Profile

Fully Turbulent layer

()

Turbulent velocity profile — Turbulent Temperature profile
/

Tt

3.9

(Laminar

4 .
more Turbulent Vehy protile  more Turbulent Temperature profile

39
(Fully turbulent layer)
sublayer) (Velocity gradient)
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(Temperature gradient) ( ,
(P)
25.4
Az ool "0 (3.20)
As m;
= , m
= ,m
X
0.05087tro
AS(X) = =emmemmeeee X (3.21)
P
3.17
T A 3.22)
mcC
321 3.22
X
0.05087ttq"
Tm (X) = Tra.i X (323)

mcpP



Darcy , Colebrook  Altshul

. Lpv
=155
Ap =
f=
L= M
D=
P -
V =
(Dynamic losses)
Ap =K
wa K=

(Dimensional analysis)

variable)

,Pa

26

(Shear stress)?

(3.24)

(3.25)

(Dimensionless
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( )
3.10
127 "
a
P
2 =J127% o)’
a=f(P)
()
uguinaanimifa
R
‘—0-
— D
L ] A L=f(R,t?)
()

3.10 U



Nu=f(Re,Pr.a/D,L/D)

Nu = f (Re,Pr,a/ D,0,R/ D)

f=f(Re,a/D,L/D)

K=f(Re,a/D,0,R/D)

(3.26)

(3.27)

(3.28)

(3.29)
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