
Reference Sheet - Basic Equations

Property Evaluation

v = (1− x)vf + xvg , x =
mvap

mliq +mvap

cv =
∂u

∂T









v

, cp =
∂h

∂T









p

h = u + pv

p v = RT

Tds = du + pdv

Tds = dh − vdp

s2(T2, p2) − s1(T1, p1) = s◦(T2) − s◦(T1) − R ln
p2
p1

Compression/Expansion Work

W =

∫

∀2

∀1

p d∀

Closed System - Conservation of Energy

△E = △ U + △KE + △PE = Qin + Win − Qout − Wout

dE

dt
= Q̇in + Ẇin − Q̇out − Ẇout

Control Volume - Conservation of Mass

dmCV

dt
=
∑

i

ṁi −

∑

e

ṁe

Mass Flow Rate (1D flow)

ṁ = ρAV =
AV

v

Control Volume - Conservation of Energy

dECV

dt
= Q̇CV, in + ẆCV, in +

∑

i

ṁi(h+
V 2

2
+ gz)i − Q̇CV, out − ẆCV, out −

∑

e

ṁe(h+
V 2

2
+ gz)e
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cont.

Closed System - Entropy Balance

S2 − S1 =

∫

2

1

(

δQin

T

)

b

−

∫

2

1

(

δQout

T

)

b

+ σ

Internally Reversible Processes
(

Qnet in

m

)

int rev

=

∫

2

1

T ds ,

(

Wnet out

m

)

int rev

=

∫

2

1

p dv

Control Volume - Entropy Balance

dSCV

dt
=
∑

j

Q̇in,j

Tj

−

∑

l

Q̇out,l

Tl

+
∑

i

ṁisi −
∑

e

ṁese + σ̇

Isentropic Efficiencies

ηturbine =
(Ẇ/ṁ)

(Ẇ/ṁ)s
, ηcompressor =

(Ẇ/ṁ)s

(Ẇ/ṁ)
, ηpump =

(Ẇ/ṁ)s

(Ẇ/ṁ)

Internally Reversible, Steady-state Processes
(

Q̇net in

ṁ

)

int rev

=

∫

2

1

T ds ,

(

Ẇnet out

ṁ

)

int rev

= −

∫

2

1

v dp +

(

V 2

1
− V 2

2

2

)

+ g(z1 − z2)

Cycles: Thermal Efficiency, Coefficient of Performance

ηth =
Ẇnet out

Q̇in

, βRef =
Q̇C

Ẇin

, βHP =
Q̇H

Ẇin

Thermodynamic Temperature Scale
(

QC

QH

)

rev cycle

=
TC

TH

Nonreacting Mixtures

mfi = mi/m,

j
∑

i=1

mfi = 1, yi = ni/n,

j
∑

i=1

yi = 1

u =

j
∑

i=1

yi ui, h =

j
∑

i=1

yi hi,

Reacting Mixtures

h = h
◦

f +∆h = h
◦

f + [h(T )− h(Tref )]

0 =
Q̇CV, net in

ṅF

−
ẆCV, net out

ṅF

+
∑

R

ni(h
◦

f +∆h)i −
∑

P

ne(h
◦

f +∆h)e
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