21 ? (Internal  Flow )

211 ( Flow Condition )

Inviscid flow region
Boundary layer region
I—_Nc —u(r, x)

e

ST Iy AR ; PSR

| P | Fully

' fd, h > developed
Hydrodynamic entrance region region

Laminar, hydrodynamic boundary layer development in a
circular tube.

21 ! Boundary Layer

Q ( Uniform )

21

(Shear  Stress ) (Viscosity )



( Viscosity ) Boundary  Layer
Boundary  Layer Thickness ( 5 )
Boundary  Layer  Thickness (5 ) Hydrodynamic  Entry
Region ( Xfdh ) ( Developing Velocity
Profile ) (Fully Developed Velocity
Profile ) Hydrodynamically  Developed  Region
4 Hydrodynamic  Entry Region (Xfd.h )
( Laminar ) (Turbulent )
Reynolds  Number (ReQ )
ReD = pUmD 2.1
P , Kg/m 3
m S
P ( Viscosity ) . Kg/s.m
D , m
( Laminar  Flow ) Reynolds ~ Number (Rep )
2,300 Hydrodynamic  Entry  Region (Xfdh ) ( Frank P. Incropera , 1990)
[X fd " h 1lam. = 005 ReQ (2.2)

D



(Ozisik , 1985 )

[Xfd-hham. = 10D 29

2.1.2 (Thermal  Consideration)

Surface condition

T,>T(r,0) Qs

/[ N L1
G T I T(r,0) T(r)

T(r, 0) T(r,0) T,

[
|
I
/1 l 4\
\'Thermal entrance region { Fully developed region
x I ‘1/
0, T

Thermal boundary layer developmentin a heated circular tube,

2.2 Thermal  Boundary  Layer
0
T(r0) 2.2
Thermal  Boundary Layer 1 Thermal Boundary  Thickness (5t)
(Temperature  Profile )
( Flow  Condition )
Thermal Entry Region (X fdt) ( Laminar Flow)

( Frank P. Incropera 1 1990 )



[Xfd,t 1lam. = 0.05 Re D Rf (2.4)
D
( Ozisik 11985 )
fXfd.tJlam = 100 DPr (2.5)
Pr (Prandtl  Number )
2.2 ? (Convective  Heat Transfer  Coefficient)
(r=10) 21
( Conduction Heat Transfer )
qs = -kf d /@rlr=rg (2.6)
q's 1 /7 2
k f '
(Thermal  Conductivity of Flud), / .k
T 1K
( Newton ' Law  of Cooling )
q's h (Ts -T) @7

2.2



10

h
(Convective  Heat Transfer Coefficient) / 2 k
T5 : 1K
26) 127
h = kfd\l0 rir=r0 (2.8)
T -T
(28) (Temperature  Gradient )
r [~ /7<9r1=0] t h
2.2 X * dr/3r]| r=1Q
X 5t (hd \\r=rQ
(Fully  Developed Temperature
Profile) t X ar/0Or|r=ro
Xfgt
h 2.3

Xd, t

Axial variation of the convection heat
transfer coefficient for flow in a tube.

2.3



2.3 ( Nusselt Number .Nu 1
h
( Dimensionless ) Nusselt  Number ( Nuq )
Nugq = D 2.9
K f
2.4 (Flow Inside Noncircular ~ Duct )
(' Hydraulic Diameter ) Dh
Dh = 4Ac (2.10)
P
Ac J 2
P : (Wetted  Perimeter ), m
Dh 21 2.9
ReD = pUmDh (2.11)

ReQ ,

Nugqg



25

251

( Steady State )

Flow )

(k)

2.4

<?22 w

Nud = h Dh
k f
( Basic Differiantial ~ Fquation )
! ( Momentum  Equation )

( Rectangular

Coordinate )

( Laminar  Flow )
Cr)
( Momentum
+ Q2w +Q2wJd = 1 0P + dN + v<o
dy2 az2 P oz dx al
ey
1
0 x

2.4

(P)

Equation )

212

2.8

(2.13)

12

( Incompressible



XV,Z :

VW
P 1IN/m 2
J1 (Viscosity ), Kg/m.
(Velocity  Profile )
Entry Region ( P. wibulswas, 1966 )
1) a2 02
dz2 0x2
21 v,
3) dp ' " 1
dz
(13)
fi [ d2 4 d2 ] = 1_dP__+ dw
p dx2 dy2 p dz dz
2.5.2 (Energy  Equation !
(Viscosity )
( Energy Equation )
al[la2T +a2T +52t] = udr + var
dx2 dy?2 dz2 dx dy

+ wdr

13

Hydrodynamic

ay?2

(2.14)

@15



d : (Thermal  Fluid Diffusivity )

Cp
( Specific Heat at Constant Pressure ), J/Kg.K

p : , Kg/m 3

( Temperature Profile )

251 ( p. wibulswas, 1966)
1) [d2T] d2T, <XT
dz2 dx2 5y2
2) , V=0
(2.15)
d2i + d21J = dr (2.16)
0x2 SV d dz
(2.19) (2.16) (Boundary  Condition)
Numerical
(Constant Heat Flux) Hl ( Laminar )

( Simultaneously Developing Velocity

Temperature  Profile) P. wibulswas (1966 )

14

and



2.6 (Fnergy  Balance )

00V = <xpdz
WSS, Iy
ml F1 Tm+dTm

|
m+*“—0 {
JI -t +d(ev)
Mi =
1 keEZ-
L
Inlet, i Outlet, o

Control volume for internal flow in a tube.

25
( Energy  Balance )
™Tm(z) g cOnv
(Conservation  Of  Energy ) ( Differential ~ Control
2.5
dg0Onv + (cvim + pv)-[ (cevim + pv)+ d(ecvim+pv)dz] = O 2.17)
dz
dq conv. = m d( cvTm + pv) (2.18)

dg 00nv :

15

Volume )



1Kg/s
Cy : 1J/Kg.K
Tm : 1K
P : , N/m 2
v : . 3 /Kg
( Perfect Gas )
pv = RTm (2.19)
cP - oy + R 2.20,
R
(2.18), (2.19), (2.20) Cp
~Oconv. = rncp dTm (2.21)
(Integrate) (2.21) cP
9 conv. = mecp { 0 Li) (2.22)
T O , K

Tmj 1K

16



(2.21) ( Differentail
Element )
conv. = sP dz (223
q'g
( Surface Heat Flux), / 2
P ( Perimeter ), 2

@7, 22
dTm = gm P = Ph(Tg -Tm) (2.24!
dz mCp mCp
g b
' z 2.23)
c conv. = (PL) (2.25)

17



dTm = qg's P ~ f
dz Cp
( Integrate ) (2.26) z
Tm(z) = Tmi + q"sP z
mcp
.27)
(T5- Tm) zZ

Fully

T s Entrance l.@.%.@st
region region >
LA -1 LU PR L 1k NN

gs = constant

(2.26)

(2-27>

2.6

Axial temperature variations for heat transfer in a

Constant surface heat flux tube.

2.6 (T5)

18



19

h 2.6 (Tg- T )

h z C (T5 - T )

( Fully  Developed Region )

2.7

2.7.1 ( Logarithmic  Mean  of  Convection

Heat Transfer  Coefficient ,h 1), ( Logarithmic  Mean  of

Nesselt  Number (Nu 1)

Temperature Differance ,AT| )
( Empirical Formula ) Nu | Nu 1
z
P (Constant  Surface Heat Flux ), g's ,
(T m!

(T5) Entry  Region
At = Ts - Tm (2.28)

(2.27) (2.28)
dim = -d(At) = PhAT (2.29)

dz dz mCp



( Logarithmic  Mean  Convective Heat Transfer Coefficient , h )

hl

Atz

J (At!
Al At

Atz
A

( Separating Variable )

Z

= —-JPha
0 nme»

P lha
m z

20

( Integrate )

23



Atz

At

(2.22)

9 conv. =

q conv.

me p

q conv.

Atu

At l2

Difference ) (2.36)

q conv.

= - PLhl

mCp

mep (T i TzI

(2.33) (2.35)

hlr Atz - Atl]
(Atz/ At,)
Atz - Atj

(At2/ At 1)

h1PZAtu

mcp D Ts-Tmi) - (5 -Tmk)]

(Logarithmic

Mean

(2.33)

(2.34)

(2.35)

(2.36)

(2.37)

Temperature

(2.38)

il



cP

TmR2

Tm |

222

9 conv. =

(2.38) (2.39)

hl

hi =

(2.12) (2.41)

cp(T Z2'T i)

Pz AT 12

pUmMAcCP( T mz -Tmj)

PzAt 12

, Kg/m 3

(Cross  Section Area ),

, JIKg.K

Z1K

1K

( Perimeter ) 1

Nusselt

22

(2.39)

(240)

(2.41)

Number (Nu )



T57
T5]

2.7.2

Dimensional  analysis

Nu I = d2h (T ,2-T 1) (2.42)
4 otz At 12
d = Kkf/pcP
1z = (T Z waTmzA (T ,i 'T i)
METIDT )/ (Toj-Tmj)
z , K
1k
(242) Nu | m7
A (Tm.;) A
L m?2
Z = [ 0 N i)l (2.43)
L
(2.43)
Nu |
1
( Dimeénsionles% Variable )
' ( Function )
Method ) B. Zeldin and F.w. Schmidt

( Numerical

23



Gz

Pe

Nu I = f( Gz, Pe)

: Graetz Number

RePr

zZ/d h

Peclet Number

RePr

Nu I = C(Gz) (Pe)

Cl

( Dimensionless

Variable )

(2.44)

(249)

24



	บทที่ 2 ทฤษฎี
	2.1 การไหลภายใน
	2.2 สัมประสิทธิ์การพาความร้อน
	2.3 ตัวเลขนัสเสิลท์
	2.4 การไหลในท่อที่มีหน้าตัดไม่เป็นวงกลม
	2.5 สมการอนุพันธ์เบื้องต้น
	2.6 สมจุดพลังงาน
	2.7 ความสัมพันธ์ของทฤษฎีกับการทดลอง


