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/MASS CONSERVATION
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From engineering thermodynamics
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 FORCE BALANCES (MOMENTUM EQUATIONS) TN N
(7o + =¥ Ay) Ax r11,
[puv + ai (puv) Ay] Ax ! i_ g & L_-.:-)-
Y s N\ Ax
l----—--_....___1 — >
———————— ™
| (T T—
| | - | <
ﬁﬂz.ﬂyl | | |
I | ’ g I X AxA | O i’
I é%mu) AxAy = — =
I I
| I gl I f
R — - - - e e e
: N _
puvdx _p
- Txy&x
—(Mv”)u F, + mv, — mu, d d
2 2 ; — —(pu Ax Ay) + pu” Ay — [pu + — (pu?) /—\X] Ay
ports ports ot 0x
0
+ puv Ax — |:,OI,£V + — (puv) Ay:| AXx
x-direction dy
do,
+o, Ay—|o,+ a—’f_\x Ay — 1,, Ax
o
i
+ |7+ —AY )| Ax+ X Ax Ay =0

/




/dividing by Ax Ay in the limit (Ax, Ay) — 0
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/three-dimensional flow in the (x, y, z), (u, v, w) Cartesian system N

(p, 1) = constant
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F is the body force vector per unit volume (X, Y, Z)
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Cvlindrical coordinates
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Spherical coordinates
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FIRST LAW OF THERMODYNAMICS
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/ Table 1.1 Summary of thermodynamic relations? and models
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Maxwell’s relations

B 1s the coefficient of thermal expansion
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Cylindrical (r, 6, 2)
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SECOND LAW OF THERMODYNAMICS
The second law of thermodynamics states that all real-life processes are irreversible
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Defined as positive inro the control volume

L inlet outlet
ports ports

absolute temperature
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T, 1s the absolute temperature of the ambient temperature reservoir (7, = constant)
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/HULES OF SCALE ANALYSIS

a plate plunged at r = 0 into a highly conducting fluid

example of scale analysis.conduction heat transfer

~

estimating the time needed by the thermal front to penetrate the plate

we focus on a half-plate of thickness D/2
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4 rules of scale analysis

» Rule 1. Always define the spatial extent of the region in which you perform
the scale analysis.

 Rule 2. One equation constitutes an equivalence between the scales of
two dominant terms appearing in the equation.

e Rule 3. 1f in the sumof twoterms, c=a+ b

0@ > O(h) wmmmy  O(c) = 0(a) [ 0(c) ~ 0]

The same conclusion holds === c¢=a—borc=—a+ b.

e Rule 4. If in the sum of two terms, ¢ = a + b , the two terms are of the same
order of magnitude, O(g) = O(b) == O(c) ~ O(a) ~ O(b)

e Rule 5. In any product p = ab == O(p) = O(a)O(b)

a o O(a)
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In rules 1-5, we used the following symbols:
A~ 1s of the same order of magnitude as

O (a) the order of magnitude of a

o greater than, in an order-of-magnitude sense
HEATLINES FOR VISUALIZING CONVECTION
. oy - W
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The heatfunction is defined as follows:
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Net energy flow in the x direction: oy = pcpu(T — Tier) — k x
Net energy flow in the y direction: _d_H
ox
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Shohel Mahmud, Roydon Andrew Frase, Visualizing energy flows through energy streamlines and pathlines,
International Journal of Heat and Mass Transfer 50 (2007) 3990—4002

The top wall in Fig. 1 is hot and is moving from left to right while the remaining three walls are cold and stationary.

0 0.2 0.4 (.6 (.8 | [ 0.2 0.4 0.6 .5 |
X X

Fig. 1. Lid driven cavity flow at (a) Re =1 and (b) Re = 100.

The arrow-marks in each energy streamline indicate
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/ The next example is the classical buoyancy induced natural convection in a square cavity problem \

the two vertical walls are isothermal but the temperature of the left wall is higher than the right wall, while the
top and bottom walls are thermally insulated
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Fig. 2. Buoyancy induced flow in a square cavity at (a) Ra= 5 x 107 and
(b) Ra=1 x 10%
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/ free convection

(-

Fig. 4. Free convection inside a wavy cavity at (a) Ra=>5 x 10 and (b)
Ra=1 x 10%
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