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* Two somewhat related topics this week

+ Use assumptions for cycle analysis
developed in the unit on Rankine cycles

» Refrigeration cycle fluids that exist in
both a liquid and a gas during the cycle

« Air-standard cycles model combustion
engines gases as air (an ideal gas) as
the working fluid
— Internal vs. external combustion

Rorilridge :

Review Cycle Analysis Basics

» Basic assumptions

—No line losses (output state of one
device is input to the next device)

—Work devices are isentropic (w = Ah)
—Heat transfer has no work and AP =0
— Exit from two-phase device is saturated
» Use actual data if available
» Account for different mass flow rates

Unit Twelve Goals

As a result of studying this unit you
should be able to

—calculate heat, work and coefficient of
performance for refrigeration cycles

—understand the assumptions for air-
standard cycles

—compute heat, work, and efficiency for
otto, brayton, diesel and similar cycles

Refrigeration Cycle

* Only required input is pressure (or tem-
perature) of evaporator and condenser

Condenser

hrottling
Valve

Evaporator outlet is
saturated vapor

Isentropic compressor

No work and AP =0 in
condenser and
evaporator

Ah = 0 for throttling
valve
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Refrigeration Calculations

ME 370 — Thermodynamics

¢ Pevaporator = P‘l = F)4 = Psat(T4 = T1)
¢ Pcondenser = P2 = P3 = Psat(T3 < T2)

State 1 is saturated

vapor at Pevaporator
State 2, gas, s, = s,

hrottling
Valve

and P2 = Pcondenser

State 3 is saturated
quUid at Pcondenser
State 4, mixed, h, = h;
_and P_4 _= Pevaporator
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Refrigeration Cycle for R-134a
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Refrigeration Calculations
* Given P and P

evaporator
* h;=hy(P and s,=s (P
‘ h2 = h(Pcondenser’ SZ = 31)
* hy=hs = h(Peondenser)
* 9Ll = devaporator = N4 — hy
* |W| = |Wcompressor| = h2 - h1
* COP =q|/|w|

condenser

evaporator) evaporator)

Rorihridge ;

Refrigeration Calculations I

* Given Tevaporator and Tcondenser

*h = hg(Tevaporator) $1= SQ(TevaPOTatOf)

° P2 = PS = Pcondenser = Psat(Tcondenser)

° h2 = h(Pcondenser' S2 = S1) Do not use
* h4 = h3 = hf(Tcondenser) fTCS”%”eS?F o
* |qL| = qevaporator = h'l - h4 ”]I'wnjensezi
o Jwl= |Wcompressor| =h,—h,

« COP =aqy| / |w|

Northridge "

R-134a Example Calculation

* Pevaporator =100 kPa; Pcondenser =1 MPa
 Find: Coefficient of Performance, COP

hy = hy(100 kPa) = 234.44 kJ/kg
$; = 5,(100 kPa) = .95183 kJ/kgeK

= 282.53 kJlkg
hs = h(1 MPa) = 107.32 kJ/kg
h, = hy= 107.32 kd/kg

Northridge
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R-134a Example Answers

o W] = Weompl = |y — hy| = [231.35 kJikg — 279.14
kJ/kg = 48.09 kJ/kg

* 10| = Gougpl = 1M1 — hyl = [231.35 kJikg — 105.29
kJlkg = 129.15 kJ/kg

®)
cop - %l _hi-h,
Wcomp h2 - hl
129.15kJ
= J =269
48.09 k%g
Northridge "
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Pevapn= 140 kPa; P

evap

= 0.9 MPa

cond

* h,=h,(P
- If T

S1 = Sg(Pevaporator)

eva.porat.or)
IS given, |:’evaporator Psat atT
and

so that h, = hy(T

evaporator

evaporator evaporator)

1 S (Tevaporator

2 (Pcondenser’ SZ =S )
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Air-Standard Cycles

S.=
h
* Note it T, jenser BBIMERU nglm!ﬂﬁb find
Eaﬁi sethl Jﬁgat( l 3) kg

° =3 -h ift(liicondzgg&al k@gl?%‘—i%% h h
dopP =2 kg kgo!
Northridge s

» Otto cycle is model for spark-ignition
(gasoline powered) engine

» Diesel (compression-ignition) cycle
» Brayton cycle for gas turbines
« Stirling cycle efficient but problems in
implementation
— Suggested use with solar collectors
 Others: Ericksson, Atkinson, Dual
» All have similar analysis

Northridge 14

Air-Standard Cycle Analysis

» Use air properties as ideal gas with
variable or constant heat capacity

* Model chemical energy release as heat
addition (~1,200 Btu/lb,,, or 2,800 kJ/kg
for Otto cycle engine)

+ Heat addition at constant pressure,
volume or temperature

* Isentropic work

. Closed system except Brayton Cycle
Nurlhrld;_,t 1

Otto Cycle Definition

« Start at initial point with piston at bottom
of cylinder filled with air at v = v,

* Isentropic compression to v,

— Compression ratio, CR = v4/v,
+ Constant volume heat addition at v, = v,
* Isentropic expansion to v, = v,

* Model exhaust as constant volume heat
rejection

Northridge 16

Otto Cycle

Otto Cycle Continued

* Given: CR, P, *

Ty, *

. v, =RT,/P, inl

’ V2 - V1/CR Compression

Presure (MPa)
© 5
[ —

* Isentropic com- \
pression to P, ° Efciency =

- P,=P,(CR) :

. T,=Py,R 2 ~1

o 02 04 06 08

Specific volume (m3/kg)

Northridge
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T3=T, +ay/c, )

V3=V :

P; = RT3/V3 e \

Vg=Vvy=(CR)vg g7 \

P, = j8 J(CR) C

T4 P,vy/R " S~

lal = ¢ [Ty = Tyl )

n="1-lq/|ayl ’ M~ |

n=1-(CR)™ e
Specific volume (m3kg)

Northridge
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Otto Cycle Calculations

» Given: P, =100 kPa; T,=300K;
CR=10; qy=2,800kJ/kg

¢ For air, R = 0.287 kPaem3/kgeK

* v, = RT,/P, = (0.287 kPaem3/kgeK) (300
K)/(100 kPa) = 0.861 m%kg

* v, =v,/CR=0.0861 m¥kg

+ Continue with parallel computations for
constant and variable heat capacity

November 30, 2010

Otto Cycle Calculations I

* Constant c, * Air tables

P, = P,(CR) = (100) v,(300 K) = 621.2
(10)4=2510kPa (1)) = 621.2/10

T2 = PR = (2510) * Fing: T, =730.0 K

(7%g816p1<) 1(0-287) = y(1,)='536.10 kd/kg
' P, = RT,/V, =
(0.287) (730.0)/
(0.0861) = 2,433
kPa
Northridge "

Otto Cycle Calculations Il

+ Constant c, * Air tables
Ty=T,+qyc, = u(Ts) = u(Ty) + q,=
753.1 K + (2800 536.10 kJ/kg +
kd/kg) / (0.718 2800 kJ/kg =
kJ/kgeK) = 4653 K 3336.10 kJ/kg
V3 =V, (both Find: T; = 3512 K

calculations) P, = RTy/v, =

P, = RT,/v, = (0.287) (0.287) (3512)/
(4653)7(0.0861) =" (0.0861)= 11707
15510 kPa kPa
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Otto Cycle Calculations IV

» Constant c, « Air tables
Py = PﬁlgCR)k =(100) v,(3512 K) =.09918

v,=v,=0861mdkg . . - _
(both calculations) Find: T, = 1854 K

T,=Pwv,/R= (617.4)U(Ts) = 1537.42

(0.861)/(0.287) = kJ/kg
1852 K u(T,) = u(300 K) =
q =c(T,-T,) 214.36 kJ/kg

Northridge 2

Otto Cycle Calculations V

+ Constantc, + Air tables

a =c(T,—Ty)= a. = u(T,) - u(Ty) =
(0.718 kJ/kgeK) 1537.42 kJ/kg —
(1852 K —300K) = 214 .36 kJ/kg =
1114.3 kJkg 1323.06 kJ/kg =

n=1-lqllq.=1-_ _ ~
(1114.3kJlkg)/ M= 1-ladlaql =1 -

(2800 kJ/kg) (1323.06 kJ/kg) /
= (2800 kJ/kg)
n =60.2%
) n=52.7%

ME 370 — Thermodynamics

Quiz Solution

— Given: Rankine cycle with _>
data shown Ps PO psia
— Find: Efficiency for (a) T, = 8D0°F
ideal cycle, (b) cycle with
Ms turbine = 85% and Ns,pump Steam
=80% Generator
— Point 1is saturated liquid; Condenser
A P =2 psia
h, = 94.12 Btu/lb,,, v; = 1
0.016224 ft¥/lb,, 9
Pump
= hy =hy+ |wp| = 94.12 0.016224 ft* ]
Btu/lom + 3.00 Btu/lb,, = [We|= (P, ~R)= === =——(1000 psia
97.12 Btu/lb,, . 1B 3.00Bt
s e s 2P g peia b
Northridge ' P "24
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Quiz Solution |l Quiz Solution Il
« hy = h(T4,P5) = h(800°F, 1000 psia) = 1388.3 « With 1, # 100% h, and h, do not change
Btu/lb, and s; = s(T3,P3) = 1.5662 Btu/lb,,; R « Turbine work is 85% of work found above
* hy = h(Peong,S4 = S3) is in miéeirv(egign « Pump work = 3.00 Btu/Ib,,/80%
h4 = hf (Pcond)+x4h'g(Pcond): hf (Pcund)+35’g(’T:);dhfg(Pcund) = . h2 = h1 + 300 Btu/lbm/80°/o
15662 B 0.1751 Bty
9412Bw _ Ib, R lb,-R  1021.8Btu _908.92 Btu oty =)~ 0.85[1382'4 Bru _908.92 Bt“j 1 300Bw
b + L5 B b~ b, ”:wm-\wp\ _ T _ b, Ib,, 080 b,
bR Ose o | 1382.4 Blu 7(94.12 Btu, 1 300 Btu]
n D L b, b, 080 b,
13824 Btu_ 908.92Btu_3.00 Bu -

_ Wi 7‘WP‘ _ hz’hA "WP‘ _ Ibm Ibm Ibm 0,
T e hoh, 13824Btu_ 97.12Biu 36.6% n=31.0%

I, Ib,
25 26
Quiz Eleven Solution Quiz Eleven Solution Il
) ) —— 45 MW Net Outpu
— Given: Rankine cycle o 8P * hs =h(T;,P;) = h(500°C, 8 MPa) = 3397.8
with data shown T3 @5-502 kJ/kg; s; =s(8 MPa, 500°C) = 6.7231 kJ/kg-K
- Find: (a) Efficiency for * hy =h(Pgyng:S4 = S3) is in mixed region
ideal CYCIe Steam S8 (10 kPa) B 6.7231 k%g K -0.6487 k%g K 0.8099
— Point 1 is saturated Generator Cond 't s,(0kPa) 75006490 (¢ B
liquid; hy = 191.78 1 ibriedt hy = hy + Xy, = 191.78 k/kg + (0.8099)(2392.4 kJ/kg) = 2129.3 kd/kg
kJ/kg; v, = 0. 001010 1o qy = hy — h, = 3397.8 kl/kg — 199.85 kJ/kg = 3198.0 kJ/kg
md/kg Pump 0 gl = |hy — hyl = [191.81 kd/kg — 2129.3 kd/kg| = 1937.5 kJ/kg
_ h2 - h1 + IWPl =191.78 S oots10m: ll:lJe/Lz’vork, W =qy-|q| =3212.5 kJ/kg - 1961.8 kJ/kg = 1260.5
';gg‘%g fﬁz klkg + | =v(P,~R)=""2 7 (6000 kP The efficiency = w / q, = (1260.5 kJ/kg) / (3198.0 kJ/kg)
Al wte Doy g l kJ — 8070 k‘] California Seate Uniyersity
Northridge ~10kPa) kPa-m* kg 2’ Northridge %

Quiz Eleven Solution Il

» Find: (b) Mass flow rate of steam in cycle

W _ 45MW  1000k) _[35.70kg|
w 12605 kJ kg MW -s s

» Find: (c) Cooling water temperature rise if its
mass flow rate is 2000 kg/s

QCW = ‘QL‘ = mcw (hcw,oul - hcw,lr\): mcwcp‘cw (Tcw‘cul _TCW‘IH): mcwcp,chTcw

35.702 kg 1937.5kJ

Q-L‘ msleam‘qL‘ S kg o
Ao e 7 2000kg 4.18kJ -pard]

oW p,ow mcwcp‘cw
S kg-K

Northridge 2
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