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1. (35 points) A house kept at 20 °C loses 600 kJ/min

kJ/min heat during January when the average

outside temperature is 5 °C. In addition, cold ?Og KPa 7
air infiltrates the house at a rate of 0.005 m*/s.  .005 m*/s 20°C
Since the mass of air in the house does not m N _ | mg
change, the house loses warm air to the
outdoors at the same mass flow rate. Finally,
appliances use 2 kw electricity which adds 2 kw electri:power
energy to the house air. for appliances
a) What is the mass flow rate of infiltrating air? (5)
M=/V=(f—' Vo = Iookl__ < 0,005 )y :m
: KT, (0a37K)(@15k) 5 =
k

b) At what rate must heat be added to keep the house at 20 °C? (5)
¢ ] ¢ . .
Q — W = 7)’) (ﬁ;’fh) = m CF [7;—’—7;>
[4

— @0 kw _ ([~ = 0. 0063 Ieq (04T (30 —5
) 2 w’ ( E{kw) 0 ,;g ot )

Q =10 kw —kw + 0.0063(1.004)(Is) kW
/ O = 8./ kw \

am—————

c) Heat for the house is provided from the condenser (heat exchanger) of a heat
pump containing R-134a. The pressure of the condenser is constant at 1
MPa, and the temperature at the inlet is 50 °C. The refrigerant is saturated
liquid at the outlet. What is the temperature of the R-134a at the outlet? (5)

T=T5 o IMP. <3939 ¢
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1. (continued)

d) Calculate the mass flow rate of R-134a to required to keep the house at 20
°C. (5)

é? = —8lkn = /5’7,6,,3‘&(%2‘&)

] >T e /Mb S # = 2809 kr (A-13))
! Tuper heg feel ! /:j)
=7, wd 4, = hp@ IMPa = /05.29 % Ch-12)

7;7@/3% ;:_g'l—k” T—‘ O, Ol/ééﬁ
</05.1§*2?0.[@1<%~ 5

e) The refrigerant leaves the condenser and enters a throttling valve where the
pressure is reduced from 1 MPa to 200 kPa. What is the temperature of the
R-134a at the throttling valve outlet? Justify your answer. (5)

%3: ﬁl: 7104)//&4?,._: /0624 é:r/kj @ Rookh:!

%FCBG:Q‘/'Q% <~/0542\q4%9=24/'3k37 ) oo MiX ({

and_ 7:3 = | 5@ 20tk |= —/0
f) What is the vapor content of the refrigerant at the throttling valve outlet? (5)

X,=%s =Tt g oomb = 10529 = o8
T 746
7 _ A
f ><3 0.335"

— d
vape | - X, =(0.725~ 0e 33.5% |
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1. (continued)
g) Draw the throttling and condenser process sequence on the T—v diagram U

below. (5)
o B S ¥ -)/{so/’u«(e
R-134a Saturated Liquid-Vapor ( /

\

120 - | /\l/
100 / \ | 5@?—6//'& J
0 | / \ l 2 Swf’/lél(/kj

o ¢
= | h N\ 3. Wik
20 } \ .
0 [solaan
20 3 \
40 ; . ‘
0.0001 0.0010 0.0100 0.1000 1.0000
v(m®kg)

4/;\ = 0O, 0;{ m)/kj
U, = 0:335 (06,0993 ~6,000753) + 0-000753 = 0,03y

500
2. (30 points) A family usesﬂ liters of hot water per day for showering,
laundry, cooking, etc., that is to be supplied from a heat exchanger absorbing

solar energy. Water enters the isobaric solar heat exchanger at 150 kPa and 15

°C and leaves as saturated liquid. Solar heat
input

15°C é_/

150 kPa

m ] > Sat.
liquid.
150 kPa
m

Solar Heat Exchanger for Hot Water
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2. (continued)

a) At what rate must solar heat be supplied to the heat exchanger to provide
500 L/day of hot water? (Assume density of water is ~1 kg/liter.) (5)

QOOL/O("Hﬁ/ 5008 = T = @I

1] 4w H— K (% ﬁ) I, e

oZ%m#hZaiZOEO o2t 0/6 Q=mGC (T,-T, ) (ell faad )

£

% = 4, @ I50kp, = 1.1 ,é:r = 500 __g(wm-)(///%/s)e P@')%/;Ar
¢ k sw/a);a %k

o= o 4 (ni-dm) G i)

whos | &57‘@\7\\/0& =

b) The somt exchanger supplies 500 watts/m” of collector
surface area. What is the area of the collector required to provide hot
required flow of heated water? -

° = Qkw = R34 [=47 7
£ = Aty s ]

¢) The house’s hot water tank, also at 150 kPa, receives saturated liquid
water from the solar heat exchanger outlet and is very well insulated.
What is the temperature of the water in the tank? (5)

T=T@ 150k 1114\
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2 (continued)

d) For showering, cold water at 15 °C is mixed with hot water from the
storage tank to obtain a shower flow of 5 L/min at 40 °C. The shower
pipes are well insulated. Write the 1% Law equation for the shower

€

@ system, consisting of pipes for cold and hot water and shower flows. (5)
Co
Shower-
we ' 1 v
Mo O = — —Mm
Is5c 7 5 Lin , 7Y)3 %5 mj\;,\ P
T@ silfia M= m+ng M F m 5=
e O = "M, w?\ = Wby —C Ty =ing)

e) Find the mass flow rate of cold water required for the 40 °C shower?

O = Ty Chy= o)+, Ch = ) |

_ 5 kg (1.57-H2)
b patk ) /m =M H] h z W‘”’M?}
9, %(mtw (h, ﬁ\}/

P - e M, 37 kg \N=2TL
A k4 : M?n

AND -
o el = 6157k C o

hy* 5 g = Ty (T - s (4

f) Find the mass flow rate of hot water for the 40°C shower? (5)

=2 ~3.7)kg Tﬁ 2 \
M
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3. (35 points) Air flows through a nozzle operating at steady state with the
following conditions:

Inlet: 27 °C, 120 kPa, velocity = 200 m/s and inlet area = 0.04 m”.

Outlet: 60 kPa, velocity = 500 m/s. @ L\Y V'H @

\/‘
a) What is the mass flow rate of air? (5) 2
m = WWA TA 120kn  R00x0.04w
(w) (0,26 tgr)(zooa) 7

{ = Ms%

M

b) At what rate must heat be added (or removed) to (or from) the nozzle to keep
the process isothermal? Use the appropriate sign convention for heat. (5)

Q- %f = M [c;?(‘v fr)f@ -

Q:H zagﬁ 5007 - a\oolkd =

| 2000
Q= 1,171 kw
c¢) Calculate the outlet area of the nozzle. (5)

s
SN [li5ks i3 \ N
p (IOkPA, /
A= OOBRW\\

A 7
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3. (continued)

d) Does the volumetric flow rate of air at the nozzle inlet = the volumetric flow
rate at the outlet? Justify your answer. (5)

Mo ="\ ;zoom,(om) 3w/

= 500 wm (0.032« :HJW'
\[; < %’ ) s

e) Air leaving the nozzle enters an adiabatic compressor and exits at a pressure of
200 kPa and specific volume = 1 mjlkg. What is the temperature of the air at

QO KP«/ the compressor outlet? (5)
I, = Pav} - ;{ooxapa(uﬁ@

Tc
@ \!;4-\5@;\\ 0. XWLT/
200 Kfa_ r éq/lk \

=g t$alfc

f) Find the required power input for the compressor, assuming that kinetic energy
changes can be neglected. (5)

i =0 ()7 G (BT
CP@SODMOM% ~ = Ilis tgjga,o;zcr %@ (hayf - 27)e
\\/\! = -"(,555@\

h —
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3. (continued)

g) What is the volumetric flow rate of air at the compressor outlet? (5 points)
\[ i = | (ntb’lﬂ)

=115

O

A



