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Thermodynamics Key Equations

Universal Gas Law
PV = nRT = mRT

Work Done

Always true

Constant P

Constant T (pv is

constant)

Adiabatic, reversible

(Isentropic)

Shaft Work, Wy,

Constant Pressure/Volume

Constant Pressure

Constant Volume

Enthalpy
h=u+ Pv

Wet Vapour
Dryness Fraction, x

Specific Enthalpy, h
Specific Energy, u
Specific Entropy, s

Specific Volume, v
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h=u+RT
X—X
X = f
Xg_Xf
h=hf+thg

U= Ur +x(ug —uf)

S =S¢ +x(sg —Sf)
V=Up +x(vg —vf)

The First Law
Always True Q—W=(U,-Uy)
Q—W=m(u; —uy)
20 =XW

Q =m(u; — )

For Cycles

Constant V (no work)

Perfect, Adiabatic & Reversible (Isentropic)

PvY is constant P (2)"
P, U1

TvY~1is constant T, (VZ)V_1
T, \I

—— is constant T P

# -
T, \P,

Perfect Gasses & Temperature
Change in Energy, u U, —uy = Cy(T, —Ty)

Change in Enthalpy, h ~ hy — hy = Cp(T, — Ty)

Perfect Gas R=Cp—Cy
Constants _ &
_—
v
R
Cp=—"L

Steady Flow Energy Equation

. c? c?
Q-Wsh=zm[h+?+g2] —Em[h+7+gz]

out in
Mass Flow Rate, m m = pcA
. A
m=—
v
Volume Flow Rate, V. 7 = _ ¢4
p

e pisthe density
e cisthespeed
e Aisthe cross-sectional area of the duct

e v isthe specific volume
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Clausius’s Inequality Actual Efficiency

For a Reversible Cycle & Process: General Efficiency, n _ output
dQ 24 input
$7 =0 s-s=[F
. T
For an Irreversible Cycle & Process: Thermal Efficiency n¢, - Whet
th
Qu
dq 2dQ
—<0 S, —S; > f — Qc
j( T © 1 T Nen =1 — Q_
H
Combining First & Second Laws Reversible Efficiency
Tds=du+Pdv Carnot Efficiency _, It
Nthrev = 1-—
2 2 P TH
2751 % _fl ?du +f1 ?dv Isentropic Efficiency — Turbine/Engine

Tds =dh—vdP

f21dh fzvdp
s;,—s1=| =dh—| =

e These equations are valid for reversible
and irreversible processes, as all quantities
are properties

-1 hi = hy

Ns = s =7——
Perfect Gas Processes Ty —Tys hy — hys
s, B L (_2) +RIn <_2> Isentropic Efficiency — Compressor/Pump
Ty U1
TZ PZ
Sy _Sl = Cpln(T_1> —Rln(P_l)

VU2 P
Sp — 81 = CP ln(v_l) + CV In (P_l)

e Again, these apply to both reversible and

irreversible processes
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