PROBLEM 6.16

KNOWN: Oil properties, journal and bearing temperatures, and journal speed for a lightly
loaded journal bearing.

FIND: Maximum oil temperature.

SCHEMATIC:

OII
k= 015W/m A

ASSUMPTIONS: (1) Steady-state conditions, (2) Incompressible fluid with constant
properties, (3) Clearance is much less than journal radius and flow is Couette.

ANALYSIS: The temperature distribution corresponds to the result obtained in the text
Example on Couette flow,
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The position of maximum temperature is obtained from
ar ke[l
dy 2k L 12
or, y=L/2. »

The temperature is a maximum at this point since d2T/dy? < 0. Hence,
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T2 =To+5-U [z 4} To+ 5

10~2kg/s-m(10m/s)?
= 0
At 3 0I5 WK

Tmax = 40.83°C. ’, <

COMMENTS: Note that Ty, increases with increasing 1 and U, decreases with increasing
k, and is independent of L.




PROBLEM 6.25
KNOWN: The convection conservation equations.

FIND: (a) Identify conservation equations and describe terms, (b) Identify approximations and
special conditions used to reduce these equations to the boundary layer equations of Section 6.5,
(c) Conditions for which momentum and energy boundary layer equations have the same form
and the analogy applies.

ANALYSIS: (a) The conservation of mass requirement has the form

d(pu) , dpv) _
% Toy 0

o o

The terms, as identified, have the following significance:

1. Net change of mass flow in the x-direction, <

2. Net change of mass flow in the y-direction.

The expression for conservation of momentum in the x-direction has the form

du_ dul|_ @ Iy
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The terms, as identified, have the following significance:

Net rate in x-momentum of fluid leaving control volume in x-direction, <
Net rate in x-momentum of fluid leaving control volume in y-direction,

Change of normal viscous stresses in x-direction,

Change of static pressure in x-direction,

Change of shear stresses in x-direction,

Body force in the x-direction.
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The expression for conservation of energy has the form
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PROBLEM 6.25 (Cont.)

The terms, as identified, have the following significance:

1. Change of enthalpy (thermal + flow work) advected in x and y directions, <
2. Change of conduction rate in x and y directions,

3. Work done by static pressure forces,

4. Work done by viscous dissipation,

5.- Rate of energy generation.

(b) The- above conservation equations reduce to the boundary layer form when these
assumptions are made

constant properties, <]
incompressible fluid,

negligible body forces,

no energy generation,

and special conditions relating to flow near a surface. The latter are referred to as boundary
layer simplifications. '

(c) Based upon the assumptions and conditions identified above in part (b), the x-momentum
and energy equations have the forms:
du du 1 op + 0%u
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is zero for a flat plate and the term
2
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cp |9y |
is negligible for low velocities or a fluid with small viscosity. For such conditions, the x-
momentum and energy equations have the same form:
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These equations establish the analogy between momentum and heat transfer. <




PROBLEM 6.30
KNOWN: Local Nusselt number correlation for flow over a rou ghened surface.
FIND: Ratio of average heat transfer coefficient to local coefficient.

SCHEMATIC:

Nuy = 0.04-Rexa'7 Pr'l/s

L://A//L]
X

ANALYSIS: The local convection coefficient is obtained from the prescribed correlation,

h, = Nu, l‘x- = 0.04 %- Re®9 prl3

v 09 09
he =0.04 k [—} pri? 2=, x 0.
v X
To determine the average heat transfer coefficient for the length zero to X,
b=l =1 01
hy = — j:;hxd.x— » Cl_f(;x dx

_ G x%0. o1
hx——x——ﬁ—l.llclx .

Hence, the ratio of the average to local coefficient is

h, 1.11C;x%!
_—= ———T= 1.11.
hx C1 X )

COMMENTS: Note that Nu,/Nuj is also equal to 1.11. Note, however, that

= 1
Nux;t—)-{-J';Nuxdx.




PRUBLEM 6.39

KNOWN: Heat transfer correlation associated with parallel flow over a rough flat plate.
Velocity and temperature of air flow over the plate.

FIND: Surface shear stress 1m from the leading edge.

. SCHEMATIC:

Up=50mlis —>

T 300k —> &—Nuy =0.04Re, > P
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ASSUMPTIONS: (1) Modified Reynolds analogy is applicable, (2) Constant properties.
PROPERTIES: Table A-4, Air (300K, latm): v = 15.89x107%m?/s, Pr=0.71, p = 1.16 kg/m"’.

ANALYSIS: Applying the Chilton-Colburn analogy
C supd o N pon 0.04 Re?? prl
= ST = Re, Pr T Re Pr

£
2
ch. =0.04 Re;%!
where
VX __S0m/sx1m
vV 15.89x10°m?/s
'Hence, the friction coefficient is 4 .
Cg = 0.08.(3.15x10%)01 =0,0179 = f,/(pufi/Z)
and the surface shear stress is
15 = Ce(pu/2) = 0.0179 x 1.16kg/m? (50 m/s)2/2

Re, = =3.15x10°

7, = 25.96 kg/m-s? = 25.96 N/m?. A . <

COMMENTS: Note that turbulent flow will exist at the designated location.




PROBLEM 7.2

KNOWN Temperature, pressure and velocity of atmospheric air in parallel ﬂow over a plate of
prescribed length and temperature.

FIND: (a) Boundary layer thickness, surface shear stress and-heat flux at trallmg edge, (b) Drag force

and total heat transfer per unit width of plate, and (c) Plot the parameters of part (a) as a function of
distance from the leading edge

SCHEMATIC: ' : 5
(A ®
L(,FSMIS —_— /—Ts=75°C
T.=25°C N A4 JI ’
p=1atm I——x L=1m

ASSUMPTIONS: (1) Critical Reynolds number is 5 x 10°, (2) Flow over top and bottom surface.

PROPERTIES: Table A.4, Air (Tr=323 K, 1 atm): p = 1.085 kg/m’, v = 18.2 x 10° m¥/s, k = 0.028
W/mK, Pr=0.707.
ANALYSIS: (a) Calculate the Reynolds number to determine nature of flow,

u, L  Sm/sxlm
v 182x10°m /s

Re, = =2.75x10°,

Hence, the flow is laminar, and at x = L, using Egs. 7.19 and 7.20,.
" §=5LRe["? =5x 1m/(2.75 x 105)”2 =9.5mm

T, = (pul /2)0.664Re " 10285 kg(5 /) 0664/275x105) =0.0172N/m?

~ Using the"appropriate correlation, Eq. 7.23,
Nu, = % =0.332Re}? Pr'” = 0332(2.75x 10°)*(0.707)"" = 1551
h, =155.1(0.028 W/m- K)/Im=434W/m?.K _ | b
Hence, the heat flux is _ . | _ ;
qi(L)=h,(T, - T.) = 434 W/m?. K(75'C-25'C) = 217W/m? - < .

(b) The drag force per unit plate width is D’ = 2Lt where the factor of two is included to account for
both sides of the plate. Hence, from Eq. 7.30, with

TR

,L—(pu,/2)1.328Re‘”2 (L 085kg/m‘/2) Sm/s) 1328(2 75% 10’) ? = 0.0343N/m? , |
the drag is : : A ‘

=2(1m)0.0343N/m? = 0.0686 N/m <
For lammar flow, the average value hL over the distance 0 to L is twice the local value. h,_,

h; =2h, =868W/m?. K

Continued...




PROBLEM 7.2 (Cont.)

The total heat transfer rate per unit width of the plate is
q' =2Lh, (T, - T, ) =2(1m)8.68 W/m? - K(75 - 25)'C = 868 W/m <

(c) Using IHT with the equations of part (a), the boundary layer thickness, surface shear stress and heat
flux as a function of distance form the leading edge were calculated and are plotted below. :
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COMMENTS: (1) The velocity boundary layer is very thin at the leading edge and increases with
increasing distance. The local shear stress and heat flux are very large near the leading edge and
decrease with increasing distance. The shapes of the two curves are similar.

(2) A copy of the IHT Workspace used to generate the above plot is shown below. A

// Boundary layer thickness, deita

delta=5"x " Rex 0.5

delta_mm = delta * 1000 )

delta_plot = delta_mm * 10 // Scaling parameter for conveniencs in plotting

- // Surface shear stress, tausx
T : tausx ='(rho * uinfA2 / 2) * 0.664 * Rex"-0.5
tausx_plot = tausx * 10000 // Scaling parameter for convenience in plotting
/! Heat flux, q"x
q"x = hx * (Ts - Tinf)
Nux = 0.332 * Rex?0.5 * PrA(1/3)
- Nux=hx*x/k ’

i Reyndlds number
Rex = uinf* x/ nu

/I Properties Tool: Air
/i Air property functions : From Table A.4
// Units: T(K); 1 atm pressure

tho = rtho_T("Air",Tf) // Density, kg/m”3
nu = nu_T("Air",Tf) : . Il Kinematic viscosity, m"2/s

k = k_T("Air",Tf) : {/ Thermal conductivity, W/m-K
Pr=Pr_T("Air,Tf) // Prandtl number

Il Assigned variables

Tinf = 25 + 273 ) // Airstream temperature, K
Ts=75+273 /I Surface temperature, K
uinf=5 /! Airstream velocity, m/s

Tf = 323 ' // Fiim temperature, K

x=1 : // Distance from ieading edge, m




