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1. Refrigerator and Heat Pump are shown as below
(a) Refrigerator g Heat Pump SR E$ COPg and COPyp © (5%)

(b) Prove COPyp = COPg + 1 (10%)

Warm environment
awTy>T;
Heat Pump

@iﬁ%jiﬂ?
e

Oy,

REFRIGERATORS

Cold refrigerated
space at T

9. w84 TR A (absorpt ion) »# % (refrigerator ) 2 COPrev, absorstion 3K

COP o= | - .ELU. .....Eﬁ.-.-
re v, absorprion = T, J\ To- T
REA ' - (10 %)
Source Environment
7y T
AN W AN
@c\'ars‘ihie / Reversible
heat e e
\ea\ginc / \"ir“ﬂ""‘jo
: Qr,
Ty
To Refrigerated

enviromment
spice



2/2

3 ERHIE R - % (KRS = O BIRAER0%)
Provided 1st TdS = dU+PAV ( since ¢, = ¢, = € and du = ¢ dT)
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4. For a reversible steady-flow process, prove
4

Provided Tqg=dH+ VAP  8g., — MWny = dh + dke + dpe P (@_)
(15%) & nt mev
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Closed books (50%)

1. (15%). Define the following no-dimensional parameters and their physical
interpretation, Re, Pr, Gr, Nu. For forced convection over a flat plate, what is the
critical parameter and value to characterize the laminar or turbulent convection
over a flat plate ?

2. (15%) IN flow over a surface, velocity and temperature profiles are of the forms

u(y)=Ay +By’-Cy’  and
T(y)=D+Ey+Fy’ -Gy’
Where the coefficients A through G are constant.
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3. 3.(20%) Consider flow in a circular tube. Within the test section length (between
1 and 2) a constant heat flux q”s is maintained.

(a). For the following two cases, sketch the surface temperature Ts(x) and the fluid
mean temperature Tr(x) as a function of distance along the test section x In case A
flow is hydrodynamically and thermally fully developed. In case B flow is not
developed.

(b). Assuming that the surface flux q”s and the inlet mean temperature Tr,; are
identical for both cases, will the exit mean temperature T, > for case A be greater than,
equal to or less than Tpy for case B ? Briefly explain why
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