MEZ265: Thermal Engineering & Heat Transfer

Chapters

4.3 Convection 4.3.1 Convection Fundamentals

4. Heat Transfer

4.3.2 External Forced Convection
4.3.3 Internal Forced Convection

08 Dec 2018

4.3.4 Natural Convection

4.3.1

Convection Fundamentals

4.3.1.1 | Convection mechanism

4.3.1.2 | Relevant Dimensionless Numbers

4.3.1.3 | Characteristics of fluid flows

4.3.1.4 | Governing Equations for forced
convection and its solutions

MA Islam, ME, BUET 1



MECE 371: 3.1 Convection Fundamentals

1 Convection HT coefficient, h:

_ —k (@T/3y)y-0

(Ts — Toc)
It is an experimentally determined parameter

depending on—
— surface geometry,

— nature of fluid motion
— properties of the fluid: k, p, ¢, 1, &
— bulk fluid velocity: V

0 For Forced Convection: Nu = f(Re,Pr) - - (3.2)
VL
Nu = o Re = pre
k U
C
Pr = i’
k is the conductivity of fluid k
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4.3 Convection Heat transfer

4.3.1.5 Governing Equations for forced convection

O Continuity Equation:
Conservation of Mass

d Momentum Equation:
Conservation of Momentum

4 Energy Equation:
Conservation of Energy
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4.3 Convection Heat transfer

4.3.1.5 Governing Equations for forced convection
O Continuity Equation

T,
14 Assumptions:
—> « laminar flow over a flat plate
;  steady two-dimensional flow
' ‘ Velocity * Newtonian fluid,
dv [ boundary e constant properties.
X dx layer
=N N
v
?V T g dy Rate of mass flow — Rate of mass flow
r———-F——— into the control out of the control
| | volume volume
| [ dy
u : Il
| i u+g:fdx ou v _ol ... (3.11)
. ox Oy




4.3 Convection Heat transfer

4.3.1.5 Governing Equations for forced convection

d Momentum Equation ‘T;o
—_
Assumptions:
« laminar flow over a flat plate Y i
» steady two-dimensional flow elocity
«  Newtonian fluid, x dy I%JX bolil;%zr‘ry
e constant properties. —_—_—_—_—_ T I iSS)3SX R \\ NN
e
Newton’s 2nd Law: -
| |
z FOI‘CEx — Rate of Change of p : Differential : N
~ | momentum in x-direction _b: comiu :<_8P
P+ — dx
l ' dx
oP ot | S a '
Z Forces, = P —dx.dy + @dx dy vy €
Z . d%u 0P e ou
= orces, = — X. T=u—
x ”ayz 0x Y ® dy
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4.3 Convection Heat transfer

4.3.1.5 Governing Equations for forced convection

Rate of change of Mass x Acceleration
momentum in x-direction in x-direction

(p dx.dy) X a,

6u+ Ju Iy d
puax vay x.dy

Therefore, (3.12) can be simplified to:

2
p( ou a“) 0'u 0P (312

“E”E =”6y2  dx
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4.3 Convection Heat transfer

4.3.1.5 Governing Equations for forced convection
U Energy Equation

First Law of Thermodynamics:

E. | Mass Mass |
Work = \\ork

I m

out

For steady-state conditions with no energy transfer by work,
energy balance is given by:

(Eout — Ein) voae T (Eout — Ein) Mass =0 e (3.13)
Now, the total rate of Energy of flowing fluid stream is given by:
E =me =m (h+ ke + pe)

With negligible kinetic and potential energy, E=mh= n'lcpT
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4.3 Convection Heat transfer

4.3.1.5 Governing Equations for forced convection

Q Energy Equation o
Assumptions '
» laminar flow over a flat plate ,
- steady two-dimensional flow Y Veloo
* Newtonian fluid with constant properties. & O boil?g;%
* Negligible viscous dissipation i i layer
DA N
; - a T a T E heat out, ¥ E mass out, v
(Eout — Ein)Mass = PCyp ua + Ua—y d.X'dy J I
. . d°T d°T R R B
(Eout - Ein)Heat - k axz T ayz dxdy Eneat in, x : : Eheat out, x
— dv'_>
Therefore, Eq. (3.13) can be simplified to: Emassin.x . | ety
) P G RIS |
oT . aT " 0°T . d°T
CrlUT/T/— T V— | =
p P ax ay ax 2 ay 2 Eheat in, v Emass n,v
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4.3 Convection Heat transfer

4.3.1.5 Governing Equations for forced convection
U Energy Equation

Assumptions

laminar flow over a flat plate
steady two-dimensional flow Velocit
Newtonian fluid with constant properties. B Wirryinl 4
viscous effects are significant X  dx layer

MNNN N

Therefore, (3.13) simplifies to:

aT  aT d°T 9°T
pcylu——+v—|=k +ud... ... (3.15)

ox oy dx? * ay?

Where, ® — 2 6u2+ av2+ 6u+6v2
- T\ ox dy dy 0x
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4.3 Convection Heat transfer

4.3.1.5 Governing Equations for forced convection

T,
Assumptions Vv
« laminar flow over a flat plate —>
» steady two-dimensional flow
* Newtonian fluid with constant properties. y
* viscous effects are significant Velocity
dv [] boundary
_ & _dx layer
.. N
ou ov_. L (3.11)  Continuity
ax ay
ou du\ 0*u P
U— + V— | = —— (3.12) Momentum
P ( dox 6y> dy? ox
aT+ oT =k 62T+62T + ud 3.15 E
CHb\UT— TV — | =K\ T7—= | TUP ...... . ner
Per \ " ax ay dxz = 9y> K (3.13) 9
® (6u) +(6v)2 +(6u+6v)2
08 Dec 2018 dx dy dy ox 10




4.3 Convection Heat transfer

EP# 3.1 Cengel et al. Example: 6-2

The flow of oil in a journal bearing can be approximated as parallel flow between two large plates
with one plate moving and the other stationary. Such flows are known as Couette flow. Consider
two large isothermal plates separated by 2-mm-thick oil film. The upper plates moves at a constant
velocity of 12 m/s, while the lower plate is stationary. Both plates are maintained at 20°C.

(a) Obtain relations for the velocity and temperature distributions in the oil.

(b) Determine the max temperature in the oil and the heat flux from the oil to each plate.

Moving
plate
Oil properties at 20°C:
g k=pO.145 W/m.K A V=12 m/s
u= 0.8374 kg/m.s §t-

= 0.8374 N.s/m?

0 % k
Stationary

plate
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EP# 3.1 Solution

Moving
plate
Y\ f V=12 m/s
e
T T,
T )
0 » ———/——————
k Stationary
plate
d d
Continuity: u v _
ax ay
2
Momentum: u%+va_tl _”6 121_6P
dx ay dy- 0x
6T+ oT " 02T+02T o
: CplU-+V | =
Energy: P dx oy x2  dy? K
® =2 du 2+ v\’ N au+av 2
T\ ox dy dy ox
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