P, i
¥ p2
~ -
[ 2
3 7 5
it =
Loss of
available energy
Entropy, s Entropy, $
Fig. 11-12 Fig. 11-13
CYCLES

Ihe EIT afternoon problems will usually include a Rankine cycle problem and a vapor com-
~ pression problem. Typically, there will be others involving a knowledge of the Brayton, Otio
ot Diesel cycles

" Rankine Cycle (Steam)

An ideal Rankine cycle with superheated steam into the turbine is shown in Fig. 11-14. The
four open-system components are analyzed as follows:

‘a Boiler
On=l~Hy [%or%g)
Oy =1ty — 1) (kW or BIU}
b, Turbine

W, = h,— h, kl/kg or BTU/Ib

Wy =it (s — By )KW or BTU/hr
"~ ¢. Condenser

Q= hy— by = C, AT XI/kg or BTU/Ib
Oy =ity (s — 1) =11, C, AL, kKW o1 BTU/lx
d- Pump

W, =hy —hy=v, (p, —p,) K/kg ot BIU/lb
W, = ity (B - By ) KW or BTU/hr
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I

i 2
___{ - ).e_ | Turbi;;’ﬂI a4
- nel

|3
g Steam h
® generator
21 .
g' Oin -
&

Condenser |4

4
Pump
Entropy, § Boundary
Fig 11-14

State peints are found in propeity (steam) tables and/or a Mollier diagram. State 2 is usually
given by pressure and temperature and either can be saturated or (normally) supetheated.
They can be found in the steam tables or a Molliet diagram. State 3 is found by using an
isentropic process, so that entropy (State 2) and pressure (condensing) are known. This tur-
bine expansion is best done on a Mollier diagram State 4 is saturated liquid found in the
tables at the condensing pressure. Also State 1--—using an isentropic process—can be found
by the tables but is more easily found by

hy=hy+v,py—py)
The thermatl efficiency is
Wi —We _By—hy—(h—hy)
Qin hZ - hl

_h-h
napprox }h . ]’1‘,4

T]:

ignoring pump work

Example 9

A Rankine cycle using steam has turbine inlet conditions of P =5 MPa, 7= 500 °C and a
condenser pressure of 50 kPa The turbine efficiency is 90% and the pump efficiency is 80%

For both the ideal cycle and the cycle considering the component efficiencies, find a) the
thermal efficiency (1)), b) the turbine discharge quality (x), and c) the steam flow rate { 7iz) for
1 MW of net power .

Properties of Water (S1 units): Superheated-vapor Table
v, cm’/g; u, kKlikg; h, kl/kg; 5, kKH(kg)(°K)
Temp,
°C v u h $ v U h S

40 bars (4.0 MPa)(Tea = 150.40 °C) 60 bars (6.0 MPa) (T = 275.64 °C)
- 500 B86.43 3099.5 34453 7.0901 56.65 3082.2 3422.2 6.8803
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Propeities of Saturated Water (SI units): Pressure Table
, ft/1b; w and b, BTU/Tb; 5, BTU/(Ib)(°R)

_ Specific volume Internal energy Enthalpy . Enfropy
Press. Temp. Sat. Sat Sat. Sat. Sat Sat Sat. Sat.
"~ pars  °C liquid  vapor liguid wvapor  liquid = Evap. vapor liquid  vapor
P r i Ve Uy g by Py hg 5 Sg

050 8133 1.0300 3240 34044 24839 34049 23054 26459 1.0910 7.5939

-“Solution
" gtarting with State 2 (turbine inlet), the properties (% and s) can be found either with steam
" {ables o1 Mollier diagiam

I, EEVEYE. N, — 6976 __

kg kg « K
The ideal turbine discharge (State 3) is found at P = 50 kPa and s = 6 976:
s—s;  6.976-1.091
Sk 6 503

=0.905

X =

hy= hf+ thg = 340.5 + (0 905)(2305) = 2426 kT/kg

. m
Qo et

) 2

g
3 y N
>

o

5 J

g
. Condenser |~
Entropy 'l
OOUT

Or these values can be read with less accuracy from the Mollier diagram
The saturated liquid state leaving the condenser (State 4} is read from the tables:

hy = 3405 Kl/kg

54 = 1091 k—DIé
g -

v, =0 00103 m¥/kg

The compressed (subcooled) liquid leaving the pump (State 1) can be found in the tables
if values are available for the condition The usual approximation is to calculate

hy=hy+vps—py)
=3405+ 0.00103(5000 -50)=3405+ 5.1
— 345 6 k/ke
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For the ideal cycle
Wee  Wr—W, (3434-2426)-5.1

Q. 0, 3434 -345.6

- n=

_1008-5.1 _1002.9

= =0325
30884 30884

x=0905

m:m?;kw“ 1000 _ ke

L 10029 T s

For the cycle considering the component efficiencies,

Nrs = 2;2 hy, =3434 -09(3434 - 2426) = 2527 kV/kg;, hy, =2527 kl/kg, P=50%kpPa
_hy—hy 25273405
hy, 2305.4

14

095

X

n:M“WP:}b‘hs‘*]'ﬁ'“kzt
9 hy =y
_ (3434-2527)— 5% 900.6

= = =0292
3434-(3405+31) 3087

=000 ke
~ 9006 s
The pump work makes little numerical difference and usually can be ignored in the calcula-

tion of thermal efficiency and steam flow rate.

Vapor Compression Cycle (Refrigeration)
An ideal vapor compression cycle is shown in Iig. 11-15. The four open-system components
are analyzed below: :

a. Compressor

b. Condenser

c. Expansion Valve
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4 Evaporator

out

e
—-\\ 3r———4 Condsenser ————12
3 2 !

L : Q
l. )

Te_rhperatufé, T B

2 & [
o |
® 7 Exparsion val
@ xpansion valve
@ pans W, —>] Compressor
= or capillary tubs
* 4t I e

————— Evaporafor f————

N 2 T

|
=
/
N
e e —
i~

Entropy, s Enthalpy, f Q

in

Fig 11-15

The coetficient of performance (COP), if the cycle, used as a refiigerator, is

b =l
i_f the cycle is used as a heat pump
COPypp rpinm = Qﬂ_m = ’;Z :Zj = COPpgppp +1.0

: The state points are found in property tables and/or property diagrams (P-h). State 1 is usually
“given as saturated vapor at a given pressure or temperature. State 2 is found by assuming an
. “isentropic process so that the entropy and pressure (o1 corresponding condensing tempera-

~-ture) are known. This is best done on a P-h diagram . State 3 is saturated liquid at the given

condensing pressure. State 4 is found at the same enthalpy as State 3 and at the evaporating
. pressure

. Exampie 10

- An ideal vapor compression refiigeration cycle using R-12 operates between 100 kPa and
1000 kPa. Find the COP and the mass flow rate required for 100 kW of cooling.

. Properties of Saturated Refrigerant 12, CCI:F; (S1 units): Temperatare Table
v, em’fg; u, kikg; kb, kT/kg; s, kI/(kg)(°K)

Specific volume Internal energy  Enthalpy Entropy
Temp ,Press,  Sat Sat Sat Sat. Sat. Sat.  Sat  Sat.:
°C bars liquid  vapor liguid wvapor liquid  Evap vapor liquid  vapor
r P SV Vg iy Uy Ry hyy he Sf Sg

300 1.0041  0.6720 15938 8.79 15820 8.86 16533 17420 00371 07170
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Properties of Saturated Refrigerant 12, CClL:F; (ST units): Pressure Table
v, cm¥g; u, kI/kg; h, Kikg; s, kKI/(kg)(°K)

Specific volume Internal energy  Enthalpy Entropy
Press, Temp.,  Sat. Sat. Sat. Sat. Sat Sat. Sat Sat
bars °C liquid  vapor liquid vapor lignid  Evap. vapor liquid  vaper
P T V¥ Ve Uy Hg }lf hfg hg 57 S¢

10.0 41.64 0.8023 1744 7546 18632 7626 12750 203.76 02770  0.6820

Properties of Superheated Refrigerant 12, CCLF; (8T units)
v, em¥/g; u and h, kT/kg; s kI/(kg)(°K) '

Temp,,
°C v i k 5 Y i h s

10.0 bars (1.0 MPa)(Te = 41.64 °C) 12.0 bars (1.2 MPa)(Ty = 49.31 °C)
50 18 37 191.95 21032 0.7026 1441 188.95 20624 06799
60 19.41 198.56 217.97 0.7259 1448 189.43 206.81 0.6816

Solution Qour

!

Condenser

. Wiy
Expansion valve C ———

Temperature

Evaporator

Entropy ?
G

Refer to the accompanying 7-s diagiam and a schematic of the components Propemes from
the R-12 table for saturated liquid at 7= —40 °C, h=0XkT/kg.
State 2 (saturated vapor)

h,=17420 kl/kg

5,=0.7170kl/kg * °K

I,=-30°C

State 3 (P, = 1000 kPa)

s, =35, =0.7165kl/kg « °K

hy =214 9 kl/kg

I,=56°C

State 4 (saturated liquid)

hy=76.15kl/kg

I,=416°C

State 1 (liquid + vapor)

h =h,=7615kl/kg




Brayion Cycle (Gas Turb ine)
Devap _ -k _174.08-76.15 97.93 _

11-25

COP, =
W, hi—h, 2149-17408 4082

. : 100 ke

QEVﬂp = m(hQ _hj): 97 93 }. 02 S

Brayton Cycle {Gas Turbine) |

”An ideal Brayton cycle is shown in Fig 11-16. The four open-system components are ana-
. lyzed below: :

'3 - Compressor

We=h,—h = Cp(TZ_ 1y)  (Ideal Gas)

We =iy 1)
b Heater
Oy, =hs—hy= CP(T3 —T,) (Ideal Gas)
0, =ria(hs ~ )
¢ - Turbine
W, =h;~h,=C(T;~T,) (deal Gas)
W:r = m(ha - h4)
:d_. Coolet
Quu=hy—h =C[(I,~1)) (Ideal Gas)
Quut = m(h4 _hl)
The thermal effici-ency is
' n:ertzwr_Wcz%“hzl_(}b_}ﬁ)
Q. Q,, by —hy

Pressure, P
Temperature, T

Entropy, s

Fig 11-16
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For an ideal gas

L-T,-(1 -1, 1
n== ;"—(TZ 1):1_(1» )fcl
3 2 2 k

R

The state points are found by the ideal gas laws or air (gas) tables State 3 is usually given by
P and T State 4 is found by an isentropic process; for an ideal gas

EL

L_(A)
T, \B
4 3 B;,

State 1 is usually given by I and P. State 2 is found by an isentzopic process; for an ideal gas
’ k-1

5 _(B)*
T \R

1f the air tables are used,

If air tables are used

Example 11

An air standard Brayton cycle has air entering the compressor at 27 °C and 100 kPa The
pressure 1atio is 10 and the maximum temperature is 1350 °K. Find all state-point propetties
and the thermal efficiency. The value of & for ideal air is 1 4.

Solution

Temperature

Entropy *

QOUT
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Refer to the accompanying sketch of the 7~s diagram and schematic of corhponents

State 2
b, =100kPa P,=10x P, = 1000 kPa
7,=300°K T, = 7;(%] =300x10°* =580 °K
b » _
3 . . 3
=Rh 0287528 _g 5612 y, = Kb _D28TXS80 ) (qem
R 100 kg B 1000 kg
-Sté.te 3 State 4
P, = 1000 kPa P,=100kPa
: S Tn 1350 .
T,=1350°K I,= (i)_ =g =699 °K
B, _
. _RT,_0287x1350 _ 1w’ , - RT _0287x699 _ 201w’
P, 1000 kg Y h 100 T kg
L AR A RN L
"o, 0, il —hy)
_C(L-L)-C,(,-T) (1350-699)-(580—300)
C,(1,-1,) 1350 - 580
_651-280 371 00
770 770
heck: (rp = pressure 1atio: pllpé =p./p,)
1 1
Ty =1-—r =1 = 0 482

An ideal Otto Cycle is shown in Fig. 11-17 It consists of the following four processes:

1. An isentropic compression for 1-2.
2. A constant volume heat addition from 2-3
3 An isentropic expansion from 3—4.

4. A constant volume heat rejection from 4-1.
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Pressure, P
Temperature, T

Volume, V Eniropy, s
Fig 11-17
The Otto Cycle is an Air Standard Cycle, that is, one which uses ideal air as the working

media and has ideal processes. An equipment sketch would consist only of a piston and cylin-

det, since it is a closed system cycle using a fixed quantity of mass. The four closed-system
processes reduce to:

1. Isentropic compression

uytg=u,— W
q=0
Wcomp L Ml = CV(TZ - Il)
2 Heat addition
uy+Q, =u, + W
W=0
Q=i —u,=C (I3 -T))
3. Isentropic expansion
g+ g=u, + W
g=0
Wexp = u3 U= CV(I3 - 14)
4. Heat rejection
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The thermal efficiency is
W Wexp_w:omp_u3—u4—(uz—-ul) 1;—1:!_%(1;—1;)

net

== = = = =1-
=0 0, ) -1, A

Note that 7, is the compression ratio, a ratio of the volume at the bottom of the piston stroke
(bottom dead center) to the volume of the top of the stroke (top dead center). This is also equal
- to VI/VZ ] .
_ The state points are found by ideal gas laws or air tables: State 1 is usually given by I’
and P. State 2 is found by using an isentropic process; for an ideal gas

k-1
Tz_(vlj k-1
A =F
7 Vy

Y v _ 1
¥

Ti air tables are used,

n 1‘}1

- State 3 is usually found by knowing the heat addition:
O =ty —uy=C(T3-T,)

q
IL="+T,
3 C 2

¥

. State 4 is found by an isentropic process; for an ideal gas

_ k-1
L_(V) e i
L \v) "

S

4= 70
Fe
. With air tables one can use
vfa _ V3 . 1
4 V4 rc

Example 12

An engine operates on an Air Standard Otto cycle with a temperature and pressure at the beginning
chompression of 27 °C and 100 kPa, respectively. The compression ratio is 8 0, and the heat
‘added is 1840 kJ/kg Find the state point properties and the thermal efficiency. The properties for
ideal air are C,=10047 K/keg-°K, C,=0.717 kT/kg-°K, R = 0287 kl/kg°K, and k=1 4.
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Thermeodynamics

Sclution

Temperature
Pressure

Entropy

Refer to the sketch of the 7-s diagram and P-V diagram
State 1

P, =100 kPa

T, =300 °K

b = BE 0287522 — 0 861 m*/kcg
P, 100 ’

State 2

v, = ":16 — 00861 m’kg

k-1
T, = Tl(l’l_] =300 (8.0)°% =689 °K
V3

k .
P = Pl["l } —100%(8.0)'* =1838 kPa

Vi

State 3

v, =V, =00861 m3/kg

uy =1y + Oy

0y, =ty =y = C(Ty = 1))
1 :%ﬂ—%m@:azss °K

p= B B |- 1838 % 22 = 8683 kPa
T 689

2.

State 4
v, =v, =0 861 m/kg
T. 3255
T, == =-"""=1417°K
4 rck—l (8 O)U A
P=—= 8076 _ 472 xPa

rck (8 0)14

Volurne
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11-31
W Wi =W, C(L-1)-C(L—1) _ 0.717(3255-1416)— 0.717(689 — 300)

=0, 0. 1840 ' 1840
_ 1318-279 _ 1039 — 0565
_ 1840 1840
: Check:
_ _ O = Qo _ 1840~ C,(7, - T}) _ 1840 -800.9 0565
0, 1840 1840
1 1
ni"H xl—Eﬁ:l—WzO%S

Diesel Cycle (Diesel Engine)

An ideal diesel cycle is shown in Fig. 11-18. It consists of the following processes:

1. An isentropic compression from 1-2
2. A constant pressure heat addition from 23
3. An isentropic expansion from 34

4. A constant volume heat rejection from 4—1

Pressure, P

Temperature, T

Volume, V Entropy, &

Fig 11-18

+ ‘The diesel cycle is an “Air Standard” cycle: it uses ideal air as the working medium and has
: _ ideal processes. An equipment sketch would consist only of a piston and cylinder since itis a
" closed system using a fixed quantity of mass. The fou closed-system processes reduce to-

1. Isentropic compression

Wtg=u,+W,

g=0

W = Hy i, = CV(TFTZ,)
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2. Heat addition
U, + g =ly + W
W=Pyvy— Py, = R(Iy-1,)
0,=hy—hy = T, =)
3. Iseniropic expansion
Uy + g =1y + Wg
qg=0
Wy=u;—u, = C(I;- 1,
4 Yeat rejection
iyt g =1+ \i4
w=0
Qo =W~ ¥ = C(I,-T)
The thermal efficiency is

W, Wy 5+ Wi — Wy :R(Ta"Tz)'*' Cv(ﬂ_jé,)—cv(ﬂ—ﬂ)

net

=0, " 0 C,(T,~T)

The thermal efficiency is sometimes stated in tetms of the compression ratio (v ) and the “cut- -

off 1atio” (r,,). The term 7, = v,4/v, leading to

=1__l_ i_fi__l.
1= K -)

The state points ate found by ideal gas laws or air tables State 1 is usually
State 2 is found by using an isentropic process; for an ideal gas

E-1
Tz_#[vl] _ Lkl
2 A =r
L o\»

vrz — Vo _

vrl Vi

givenby I and P

If air tables are used

m‘glb—‘

State 3 is usually found by knowing the heat addition:
Qin = hB - h?. = Cp(Ié - TZ)
Q.
="
e

P

+T,

State 4 is found by an isentropic process
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- Examiple 13
An engine operates on an air standard Diesel cycle with temperature and pressure at the be-
ginning of compression of 300 °K and 100 kPa, respectively. The compression ratio is 16 and
i theheat added is 1840 kl/kg. The properties for ideal air are C,=10047kJ/kg-°K, C, =0 717
o k}/kg K, R=0287kl/kg-°K, and k=14,
Solution
2 3
®
2 g
g 2
g &
e : 3
Rk
Entropy Volume
.._'Refer to the 7-s and P-V diagiams.
o State 1 State 2
'y =100kPa v, =L=0 0538
7,=300°K T
3 T,=1,%1*1=300x160.4 =909 °K
= Rh 287X 30 _ g ger ™ 2717
B 100 kg P,=P X1 =100x 161 4 = 4850 kPa
o State 3 State 4
o o
' ?3=P2:4850 kPa V4 =V1=0.861¥é—
h,=h,+0.
=y T Y ‘ I 2740 o
G000+ 80 o400k o (_@,)3“ ~ (gsa)° TR
U, 1.0047 » o1ez
: 3 _ B 4850
v3~v2><5—:00538 EQ‘()162—“ - h= vy k_(O.SGI) =468 kP
. 7 909 ke (¥ &) -
n = Vo Woy T Wi, _R(E-5)+C(L-1)-C,(5-F)
" Q:'n Qz'n C (T -7 )
_0. 287(2740 - 909)+0.717(2740 - 1405) — 0 717(9(}9 300)
1840
_ 5255+957.2-436.7 _1046.0 _ 0,560
_ 1840 - 1840
Check:
no - 0,~0,, 1840-C(T,~ T) 1840—0.717(1405 —300). 1048 0569
T, 1840 1840 1840
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Mixture of Gases

The composition of a closed mixture of gases may be expressed in terms of volume (mol)
fractions o1 mass fractions These are related through the component molecular weight (m.w)
and are best shown in tabular form. If volume fractions ar¢ given, convert to mass fraction:

MISCELLANEOUS

Gas Volume fraction m.w., Volume fraction X m.w. Mass fraction
A '
0, 02 32 6.4 o4 =0167
384
N, 02 28 56 ﬁ =0.146
? 38.4
co, 06 44 264 264 _ 0687
38.4
38.4 1.000
If mass fraction is given, convert to volume fractions:
Gas Mass fraction mw Mass fraction Volume fraction
m.w.
o, 01 32 000313 000313 _ 4109
003135
N, 06 28 00214 00214 _
0.03135
co, 03 44 0.00682 0.00682 _ 517
0.03135
0.03135 1.000

The mass fraction is sometimes called the gravimetic fiaction. Component pressure and mo-

lecular weight are volume fraction functions; u, b, C = C,

Hea't Transfer

The three modes of heat transfer are conduction, convection, and 1adiation The heat transfei
“|aws” are based on both empirical observations and theory but are consistent with the first
and second laws of thermodynamics That is, energy is conserved and heat flows from hot to

cold.

Conduction

and R are mass fraction functions

Conduction occuss in all phases of matesials (Fig 11-19). The equation for one dimensional,
planar, steady-state conduction heat transfer is

g= e allo=)

(watts,
X :

BTU

The conductivity, k, is a property of the material and is evaluated at the average temperatui
of the material. The heat flow rate, g, is sometimes expressed as a beat flux g/A.
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Miscelianeous

Fig 11-19

Fig 11-20

For multiple layers of different materials (Fig 11-20), as in composite structures, it is
usually best to use an electrical analogy:

q = =¢,=¢;
s TH _Txl Rl — -xl
R Ak
— T-; _1;2 x2
= =
R, Ak,
1% _Ic R3 - X5
Ry Ak,
e da—T
R+R +R

Emmmém

A plane wall is 2 m high by 3 m wide and is 20 cm thick. Tt is made of a material which has a
thermal conductivity of 0.5 W/{(m °K). A temperature difference of 60 °C is imposed on the
 two large faces. Find the heat flow, the heat flux and the conductive 1esistance
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Solution _
AT=80°C
Refer to the sketch of the problem T
kAT — T,
ie (Iy C):o.ngzgxﬁo:%OW I
x .
g 900 W &
4_ 7" =150 o
A 3x2 m ]
Reto_ 92 — 00667 ‘,l
KA~ 05%3%2 w e 2bem
Convection

Convection occurs at the boundary of a solid and a fluid (liquid o1 gas) when there is a tem-
perature difference The mechanism is complex and can be evaluated analytically only for a
few simple cases; most situations are evalnated empitically. The equation for convective heat

transfer is

q= hA (Tsurface - Tﬂuid)
The evalunation of &, the heat transfer coefficient, normally involves use of data correlated in
the form of dimensionless parameters; for example, Nussult Number, Reynolds Number,

Prandtl Number _
The conduction and convection mechanisms can be combined as shown in Fig. 11-21 Sothe

temperature of the surface, 7, is dependent on the relative magnitude of the two resistances.

gt

s 1.
T, */ Te | s e
\’_ \ T R, R,
S R, =x{A K
/ R,=1/(h A)
Fig 11-21

J——1

Example 15
Water at an average temperature of 20 oC flows through a 5-cm diametet pipe which is 2 m long. .
The pipe wall is heated by steam and is held at 100 °C, The convective heat transfer coefficient 18
122 % 10* WAm*K). Find the heat flow, the heat flux and the convective resistance.
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© Solution
: 100 °C

p

l
(\ i 950m
——

Water at 20 °C
—————

- Refer to the sketch of the problem

G =hAT,-T.)=22x10x (X 0.05% 2) x (100 - 20) = 5.53 x 10° W

g .5.53x10° _ MW

. 2= =176
A wx0.05%x2 m
R=L= ; d w1 45%107 &
Lo hA 22X107 X x005%2 _ w

Radiation

. Radiation heat transfer occurs between two sutfaces via electromagnetic waves and does not
" require an intervening medium to permit the energy flow. In fact, it travels best through a
- vacuum as 1adiant energy does from the sun. The equation for radiation energy exchange
* - between two surfaces is:

g=0A FF(T'-T)

* where the Stefan-Boltzmann constantis & = 5.67x 107 % or 0.173x107® —%,
m °K* hre ft“ «°R

.- F, is a factor which is a function of the emissivity of the two surfaces with a value from O to

' ‘1.0,and F , 18 @ modulus which is a function of the relative geometries of the two suifaces with
a value from 0 to 1.0. _

- Note that the heat flow is not proportional to the linear temperature difference but is a

~ function of the temperature of the suzfaces to the fourth power.

The simplest and, by far, the most common case of radiation enet gy exchange occurs in the

caseofa small surface radiating to large surroundings. In this case, the equation simplifies to
q=04, 51(714_1;4)
. where € is the emissivity of the radiating surface.

Example 16

. Asteam pipe with a surface area of 5 m? and a surface temperature of 600 °C radiates into a

- laxge room (which acts as a black body), the suifaces of which are at 25 °C. The pipe gray-
.- body surface emissivity is 0 6 Find the heat flow and heat flux from the surface to the 100m.
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Solution
Refer to the sketch of the problem. Q
. 4 T, = 25 o0
91“2=GAF,_,F;(T] _754) §
Fot a gray body radiating to a block body enclosure ,.ﬂ
FF =€, o
o
Gip =5 67%10° x5%06x(873* —298%) = 9.75x 10" W
T,=600°C
; 9.75x10" W g
4 _9DxA g 9510t 2
A m
Selected Symbols and Abbreviations
Symbol or
Abbreviation Description
C specific heat
h enthalpy, heat transfer coefficient
thermal conductivity
m [ASS
Pp total pressure, partial pressure
P relative pressiure
' ‘ 9] heat taken in ot given off
| q heat (energy transfer), emitted radiation
7 compression 1atio
R gas constant
R universal gas constant
R thermal 1esistance
5 entropy
7.1 temperature
T, - High or hot temperature
1.1, Low temperature, cold temperature
u internal energy
A relative volume
V,v Volame
v specific volume
W, w Work
VA compressibility factor
n thermal efficiency of a heat engine
€ emissivity




