ES 3053 Final December 12, 2019
Open Books and Notes

Name:

L. 50 points

A power plant operates on thermal gradients in the ocean. The schematic is exactly the same as a Rankine
cycle which uses steam, but this cycle uses R134a as the working fluid since the temperatures are much
lower. Warm seawater at 30°C on the top of the ocean is used in the boiler, and there needs to be a driving
force of 5°C difference in temperature for the ocean’s heat to flow into the R-134a in the boiler, so assume
the boiler produces R134a at 25°C and 0.575 MPa. The condenser is placed in deep ocean water where the
ocean’s temperature is about 0°C, so assume the condenser operates at 5°C. Use good engineering practice
and appropriate assumptions. 1, = 0.75 and n,,,, = 1.0.

Use the attached PH diagram for R134a for all properties.

A. 30 points (each empty cell worth 2 points)
Fill in the following table:

Point T (°C) P (MPa) h (kJ/kg) s (kJ/kg-K)
I1(sat. liquid) 5

2

3 25 0.575

4' (isentropic base case)

4 (actual)

B. 5 points

Find the pump work assuming the pump (1,,,,, ) has a thermal efficiency of 1.0 and that the specific
volume liquid is constant at 0.0008 m’/kg .

Wi = kJ/kg Q ol

pump

C. 5 points
Find the turbine work assuming the turbine
(Mwine) has a thermal efficiency of 0.75

Boiler

WS, turbine

% = kJ/kg

turbine

D. 10 points
Find the flowrate of the R134a if the actual net +
power output is to be 1| MW.

m= kg/s




1L 50 points

NASA plans to launch a probe to a planet where the atmospheric temperature is about 250°F. They are
sending an experiment that will grow bacteria at 120°F inside a refrigerated box placed in the planet’s
atmosphere. Design a vapor-compression refrigeration cycle (see figure below) using Refrigerant-11 (PH
diagram attached) to maintain the temperature of the refrigerated box at 120°F while rejecting heat to the
planet’s environment at 250°F. The evaporator needs to operate 20°F below the temperature maintained in
the box, and the condenser needs to operate 20°F above the atmospheric temperature on the planet. These
parameters are reflected in the table below. Assume the thermal efficiency of the compressor (1)) is 1.0.

A. 24 points (each empty cell worth 2)
Fill in the table below using the Refrigerant-11 diagram. Use good engineering judgement in finding the
appropriate values.

Point T (°F) P (psia) h (Btu/lbm) s (Btu/Ibm-°R)
1 270
2
3 100
4
Q
B. 13 points AP
Find the flowrate of the R-11 if the
refrigeration capacity is to be 100 Btu/min @ ®
m= Ibm/min -
\IE/ZRaenS'On X Comprassor | —
A Ws
C. 13 points

Find the compressor work requirement in
horsepower. 1 HP = 42.41 Btu/min

Condenser

Ws = HP T
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THERMODYNAMIC. PROPERTIES

3-190

(3ul/q1), aunssaid s;mosqv‘_._

.:o:wE._omE Ay1adoxd 1atgo swos ym Suole (G961) TT.L
uyayng Juod np ul paurejuod a1e suonpuod jeaytadns 10y sqe ‘ut ‘bs/‘q[ 083 01 30 “d.0LS 03 ,O0L— WOIj PUEB SUORIPUOD UOHEBINJES
uo.«ww.wowwxww.m vﬂa wmnﬁvam:l 10§ sa[qe: pajrela °sqe ‘ut ‘bs/-q] o9 01 g0 Woyy sainssard 10§ oSS padie[ua ue SSALZ OS[e YOIYm
‘QuIn[oA _ S[EjuRUIepUN ], 'YW H'S'Y 2961 91 10J Pa10a[os Sem OS[e 2134 Pasn a0IN0s 3y, *D.0L 03 ,(0L— WOIJ 3]qe} UOIBINIES € SIAI3
(L961) . yonquayose],, xe] suy,( ‘steq GLT 01 §Z0'0 “D.03E 01 .05— Woyy spuaixa dnoid siyy jo 11eyd 4 So[-H €961 dyrusjrey ayJ,
.mo_ton.o.ﬁ T34 PUB ‘CTY ‘3T ‘TTY Jo uone[nojed 9y aqusap [(996T) LE (3)8T “Yy297a110)1] UasaLs) pus Yosnquioy °Iaumo Em_..inoo.aﬁ
Aq uoysstutad yim pajunday “Auedwio)) @ smowsN 9p juod np ‘I'H WSuidoD ‘11 juriedujay Joj au_aﬁ__o-o._:.mmw.& 98-¢ "ol

(4,0t ~ b pinbi| paypinyps aA0qp ql/nig) Adjpysu3l : :

¢ ’ abuoyd a|pag

o6 08  ou4 08  osh  owi- o8 oz -on ook o6 o8 09 o o2 0 ,AoN_'.o,_
ST - T T
& %OO o 4 & N o8-
g | & o |2 4 P gw\owM _ [ ha I
zo B2 N 5, ey \mmmw BRI ERET S
o 28 | P A\ o;\dW\V. }\-\ A AAAT] A \ N SAECES co
; R oF . \.\\J‘“ﬁ ‘\ 1A —7 \\ \ - Q Owl\ \ \ - 0
51 ¥°0 17002 7 AT )4 T IR 1] FrJrf Fil
. e o i ZA I D 4 LA T W cx I N T A A s PO
& G ATV EL A [ e
\ ) - ﬁ||.||\.b..\.\ \ A i \ 4\@\*{ ob— \ \ \ \ \ oY 80
1T 1 / A mwais mp \\\ 718l /LAY NI NN o
: ——1t1T T Y LT | ] = . .
A KW\V\RM‘NN\N‘HWN\\.\N \\ W\WNMKN\\FB?\ \ o2~
e e TV DA A8l /L .
y 1+ 4 (Ol A .
ipZima R iy kDU g U TR N A U RI R AR
AL AT Y A + 8%* — \ / \mNN \F\ \8. T T oe &
e VAT =y s ; 09, §
T e A ) 4 o e A VA A A 0 A AT 2 R (O
i A LS A TAATA - 8 777 S P
T VL L LT AT Vi wi s VAN A - o §
S A LA LA AT AR VAT %) ) 5
K\NK \.N\..H\,Nn_w NWJM‘MN\ \W g sy, A ¢ oz w
T A o IS T T ! /- 00} =
nRITll .\\l\.“_ - 1.\ \ m_ DM %OO—\ \\ \ \ \ \ \ \\ lmo ! 0¢
IR A A s il A AR AT VA Y "
7L s o Y\ o /| -/ 1/ X ][V [ [ fov g
: 4 X VAN /1 /7 yANWAVA yAVAY/ ) 09
. A 09} ; 09l §
ARy b AT 2 "
pARIBAn I\ LA\ oom\\ A 7 1/ \\\ / \\ /o0 00!
“,.,,“ = 022 \ \ \ \ 022
- g0 3 & o2 \ \\ \ A omﬂvm 002
002 3 :
o0t —=2 Ag DAOKS \\\%@N oe
. 00€ 0& & [or4% 00%
00t [ \M%VMNALALM Ove
[ 7o ,ow ,owm ) 009
oot} mu”_m_mwo%oooe%, . ‘ 008
008 | BN WA 000't
000 e 0w oLl ool 08 09 ov oz o 02-

abuoyd 31025
{400t — 4D pinbi| pajoinjos aa0qo g/ nig) Adjpyiul






