ES 3053 Final December 12, 2019

Open Books and Notes

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. M., = 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 (ki/kg) s (kJ/kg-K)
I (sat. liquid) 5 0.37 i

) ~5 | 0.575 | 0Zh+ 0144
3 25 0.575 LS

4 (isentropic base case) ) . 0.37 ]

4 (actual) [5 0.37 2975

B. 5 points
Find the pump work assuming the pump (n,,,,, ) has a thermal efficiency of 1.0 and that the specific
volume liquid is constant at 0.0008 m’/kg .

W oump = 0 ; /[/‘7{ kJ/kg iboil

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

W, = 7. £ ki/kg

turbine

Boiler

Ws, turbine

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

m-= [553 kg/s



IL. 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 () 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.

Find the flowrate of the R-11 if the
refrigeration capacity is to be 100 Btu/min

2. 44

.

13 points

Ibm/min

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

Ws =

/.2)

HP

Point T (°F) P (psia) h (Btu/lbm) s (Btu/Ibm-°R)

I 270 £ 230 L

: /5D 24 LS5

3 100 24 /o4 0.197

: 7290 730 f25 o0.b7
B. 13 points

Compressor




| E5 3053 Lired oSke 12 217

 —— =
| 75@%* 0.4
»__T_E AR} = o4 —=CS. = ;
23 >

Bru 4 -

Lo Mbyy=-Wy = (2549 = 2/

21 e@,@. - 2.4 llrrfbretls = () = 5/, 24 %
51. 24 Bspein

2.9 b |.208 BP

HP




B S TRER T L

‘uonjeunrojur Ay1adoxd 1ao swos yym Juofe (ggeT) TT.L
uaIng uod Np uf PoUIEIUOd ale SUOHIPUOD JeayLadns 10§ *sqe ‘ul *bs/'q[ 08F 03 30 “d.0LS 01 ,0L— WOLj PUB SUORIPUCD UOHIEINGES
10§ "4,0%°88¢ Pue 88E(1)I91 — 10j s3[qed pajreraq “sqe ‘ut “bs/'q] g9 03 7’0 Wolj sainssaid 10] UOROAS paBiejua ue SIAI3 OS[e YOIYM
‘awmoA  s{euduiepuny,, H'VH'H'S'Y L96T 93 10§ Pa303[9s Seas OS[E 213y Pasn a01nos ay L, *D,0L 0} ,(L— WOL 2]|qE) UOHBINES € SOAIS
(L961) , yonquaydsey,, xe] suy,( ‘steq SLT 03 SZ00 “D.03E 01 09— woiy spuaixs dnoid sty jo eyo g S0[-K €961 SYruspey oyl
'saipadord [y pue ‘TH “3TY ‘TTYH JO uonE[nO[ed ay3 aqudsap ((996T) LE ‘(3)8T “1f203251p){ ] UISSLY) PUB Yasnquioy ‘Iaumo JYSuLdod ayy
Aq uorsspuiad yym pajunidsy -Auedwio) @ simowoN 9p juod np T'H YBuAdoD [y jueieSuyey oy Ad[eqauo-oinssary ‘9e-¢ ‘o1

(400t - 40 pInby| pa4pinyDs ar0gD qi/nig) Adjpysu3
) 4 abuoys a|pog

06} osl oLt 03} 0G} (e} 4} Ot} ozcl (e]}) 00} 06 08 0s ~” ot o4 o] og- .
1'0 _O “ _O > _Om N 06— ! O
@ & /0900 Q A n\.vu
E 2| & S I oNNom- e~
20 ..mm S \ov/n, n_,.,O f%&ro{wenwlq 67\1\1\%, \m_meﬂ \%I% I8 TI&IE 1813711 %°
€0 2g ST % N U A R a7 A A —¢0
I T L S o 74 N1 A A 2 2 T A A -
X 002 . 7 AN TATY LA TRV VY 1 [ / [ [ 1]
: - aa AR 1 A O Y =
oo L A A AL A e A AP ool LT L] o
) . - —11 1 m |11 =
= P O AT A T >
: o L NV\‘KJ.\.K\N‘I N%\\\ NW\\ N%omu oz-
o CRE A T AT A A o
ool 1. | 1 | (Ol A N
P Los AT VA A1 qum \ 70 \ \ FFNWV \ N \ \o : :
7 0'¢ = —a——— o — 3 oe
ot PP A 22187 A O 3
- = iR LA /1Sl AA— %/ I NN Js]1] ] f 7% iy §
S I auy, e W AR AWy FE [ T oo £
SNz ARz aRzES T A A AT AT R
3 o A v 8= w.p\..mw_, \WMN \o.m%a JANE S/ - o
T e HEHAd H 1 1A — ([ Kol 4 e : 5
A mra e nas sty AN e .
] ——: : 2 7 17 i 0 A 02 3
I SR B2 I 7 e i 73 2 S ~
mm pr: o¢ x\l\ﬂ 1 ] /1 = ?_ = W\ A \ @ \ \ \ \omF /omo ; o¢
o s L AT A T8 b iy AVA YA VIV N VY g
g i : 4Elamy b Y\ W\ \AH v /| 7 |/ /- [ /1oy & .
=R oY ey ;¢ 5 = o N O L 74 VAL A 77717 or & 0o
P AN AR A A L e R
I 7L SR A TTX Y, S V. ) ol
i PP o\ 27 \ 30002
m m..m . m_A owmw %A ovwmm :
£ 002 .WA / A 092 ooz
=} P
: 2 ooe . Vs i : olel5
2 g oor I e Ok ooy
oos /I ” ose [ 009
. S oop ek 220G o ‘ ooe
0 000" _ } 000'}
“ 06} . 08l 06 08 09 ov 02 (o] 0z2-

—f—

abupyd a|0dg
(3.0b — 40 pinbyj pajoinios 3A0qp g1/ nig) Adjoyiu3




(ruotssiuirad yum ¢aal RIEMEB[I(] “UOISUIW]IA ‘Auedwo) wogn(y (2unyioo.10nyfnals;
-C 1) PESI-DAH JO $2142d0Ag dNupuspowIay ] U0 paseg S22410S) “WeISeIp yd eH¢1y 11-V Heyd

3N/ Y
0S¢ 00€ 05T 00T 0S1 001 0s L
€00 T T T T I T L 3=
NHEERY ARSIV IEN VANV j P o
90°0 4 4 0 90(
Tt SV VTTY i \r \ \ \ ‘\ \\ 7 \
Lol |1ty M i AL F- / ’
wobFrtZTi T 1 £ MOB.TA\_Y Vi [/ / / 1 . -ann\\llnm-|a Al 80°0
A R (Y D o i i i s
oLt \T\ﬂﬁw.m A “ AN / [ /1 b /l / 1] \\ H I
| | | A | | ./._|OH.O.—\ | \ \ \“
REEN _\_ Vol_=17 50 LA Q)
|.+.xL_|. L) __ _\.—Tm/d\._\. | S o vM( S < = S = \U "
ISP LN A AN N AR AN AR AR aAE
1 _\._ SNV i oy i _
4 283 \__\\.T‘*c_xo. . .\ .\ ! _
g 3 4 = _
. ALy Lot 00 |\ o W - . = - A . A [ i -
€0 = h—i -0 0 o0 = L €0
71 A —Ho0 0% \ 7 _ ;
‘M\ _ \.__T\._.\\A.‘ M\ i \ ?J \ S \%m S) Q N & & & & S | :
roEZE"T ! ,\_K‘,.\___\‘? ] T s R \wﬂ i il [ LU / “ L _lyo
AR T A A
€0 — —. i % ¥ ¢ nr...,u.
v_“_\ i 1 .__ _— ~: _v\_ N = N\ *\ N \u\: / ”r\ A A= \: \ > " “ 90
o —— - = e e o e i T il Vi il - e e s Y i e . s e ;

O e R T VAL V| EHLCANIN
s ANV D A .47 A R A B A
| :u,fecmoo,“\m \ / [/ /1] A Vi Wi _ : " i
01 \*\\N«o/)mf \| ,_‘ VA o \l.l _ \\ _ \I \\ Ot - \ - \ \.\ y. _. ] “ : “ " 01
\/ Y b~ i I i i et
\ 1 -1 \ Q \ \_ i b | | : i
SEENAANAN! uu\u- 17140 \l\k| w.\.\:\NVA_ sl 2 20 By
/1= |\ 1ot i = T & BT LSy 3
2 NN NAA- AL Ao A LA LAN T b F
\,1\)\/ \ / \\ \ _ “ : " " " " m "

0 e T o ; § S g v _ WL 107
2 N Do ™ AT T~ ¥ 0~ \\\ oENERNERREN L
SRR AN MM /AW, W W (I VNI vd n " b i oo - i
WAD CNR adsews: AN HHE RN REN R
‘Lf‘.\/ r/_ < ~ _ 45 \ vl\ \\ -.~ i ~. 2 < : i [ y 1
%, \v.ow%m TN N\wﬁ WN“\AA Jz i [12llz ] CoLa
(I AN AN e N P i ] AL A LIATL [ 1T LN | I 1 P
0S¢ 00¢ \ 05T 002 \ \os \ 001 S 0

0r00°0 (10000 01000°0 06000°0 Y/ W 0800070 = 2



‘uonjeurtojur Aj1adord a0 swos ym Juofe (g96T) TT.L
unang uod Np ul PaUIEIUOD 1B SUOHIPUOD JeayIadns 10 ‘sqe ‘ut "bs/'q[ 0gg 01 70 “J.0LS 03 ,0L— WOLj PUB SUORTPUOD UOLIRINGES
10§ "J,0%'88¢ Pue 8ge(1)191 — 10§ sa[qey pajrea@ 'sqe ‘ut "bs/'q] g9 03 g'p Woij sainssaid 10] UOROIS paBie[ua us sIAIZ OS[e YdIyMm
‘aumn|oA  sfejuswepuny, “H'VY'H'S'Y L96T 243 10§ P330S[as Sem OS[e 319 pasn a01nos ay], "D,.0L 03 ,0L— WOLY 3]qe} UONBINIEs B SIAIS
(L961) . yonquaydsey,, xe] suy,d "sieq GLT 03 SZ0'0 “D.03E 01 ,08— Woyy spuajxs dnoid styy jo J1eyd g S0[-H €961 dYrusjie) ayL
'saipadord 1Y pus ‘TH ‘3TY ‘TTYH JO UOLE[NO[Ed 3Y3 9qLIdsap [(996T) LE ‘()81 “Yoa12710)] uaseLs) pue yosnquioy ‘1aumo JySu4idod sy
£q uoissiuuad yim pajundey “Auedwo) X smowsN 3p juod np A WYBUAdOD [T jurreBuyey 10§ Ad[eyius-ainssall ‘9E-€ ‘OH

(400t - 40 pinby| pasoinyDs 3A0qD qi/nig) Adjpysu3
! abuoyo 3|pog

——t— :
08 ot oLt 09 oSt Obl osi oz ol 00t o_m OOm 09 o 0z o omoN_(.o .
T I S 06 =
D\O h«aO o eO n\w\*_ N
= o S o A7 A 08- . 08-
zo £ R i m e A N 3 s
22 . s © o il
) 28 | o | o0 [g> 3 S A A AAAT] & \ |__leo
S B L e o | AT | LA Foo] [N [ T ] JI ] [[doe- |,
(= Z A A A
- /LA Al 1A il 90
ERET B NNV Aa s auAc/AD A Ao I T A A T
ool \\ AT ind \ 718/ \m\ [ ] T T r
- b Ve V4 s A = L+ !
T e \;\NL..\NW\N\ .\JN“ =17 | N‘w\\ : 40 02— \ \ \ \ \ \ N\oNx
B2 w?\\ﬂm aanasu8egyqy gyl I N e
e e 7t N I V i A \.V\.l\ \ 7 © g ° o€
A A A4 AT L ASHA L g T T,
- | i CLATA V. Sl A Ry, / I T IS ] 702 . b g
= e 7 Ao A=y, T A o PO
g AL A LA EATAT = fovd/ A [ JUS] [ [ Jlfov [ ] |0 @
= . ] _Vh ..\\\\.I\.Hl n\u O_m ‘\\.N\ \Ow 040. \ \Q\ N \ /1] / 5 , o m
< | B B HARTA L 5 H
i A LU LA DA AT L e T ; \ QA \ \ \ 5
oy i N\,\\K\..\MN\ AAL W, 4 ¢ oz 3
5 =T A e 1 VA 7 17 = N WA 7 2
> AT 1AL —— awd /a\YA, / [ [l [ e _ og
= = ATL Z TR A\  ASA Ty / INAVIVN WA oy
2 e : H4dBn4me o Y1\ ob! S 1/ T 7 [ /1S ovr &
= i oA - e T 4 74 . O VAN 7 7/ VAR AW AVAY AV / = 09
& 109 _v_ﬂ ; .l% ST /\ _Ow_\ \ .\ N \ \ 091 wno .
S ‘o8 01 F : 2 081 #— / \\ow* 2 08
& oo B ARIBATAIP. ¢ f\rm m«%%#\g \ A oom\\ A/ \\\ \\ L on o6
Y R = 7 Yozz / X \ o2z
PRI I _
£ oo R WS M W AR A o R b A b
3 : N KNSR oy A o0e
z AN o \%\\\\ o cob
; T << * 4 ove
" ( HK%W.wVAﬂo e Sed L Z08e2 08¢ _/ 009
. ISOTSS s —=vese o o b /| o 'L loos
: g 55, g TN SHAY Z 000't
3 ovt  og oz ol oo 06 08 09 o 0z 0 oz~

—f—

abuoyd a|pag
(400b — 40 pinbyj pajoinyos aA0qp qi/ nig) Adjoyjul




