Basic Thermodynamic Formulas (Exam Equation Sheet)

Control Mass (no mass flow across system boundaries)

Conservation of mass: m = constant

Q—-W = AE
Conservation of energy (1 Law): = AU+ AKEZ:;ZAPE
= m{Au+ 221+g(22—21)}
Entropy Balance (2" Law): AS = f (6—Q) +o0
T/p
Control Volume (mass flow across system boundaries)
. dmcy . . . AV .
Conservation of mass: v Ym; —>m, ; where m = - s the mass flow rate

. . 2 2
Conservation of energy (1°* Law): dzgv =Q-W+Ym (hi + %‘ + gzi) —-Ym, (he + V? + gze)

Entropy Balance (2™ Law): % = Z% + X m;s; — ). M,S, + dey
k

Heat Transfer and Work Relationships

Conduction: Q = —kAZ—i

Convection: Q = hA(Ts — Ty)

Radiation: Q = edA(T —Td,)

Heat transfer for an internally reversible process: Qint ey = J T dS

Boundary work: W, = [ PdV

PV™ = Const
V.
. n=1W, =P, V,In2
Polytropic process: b 171y,
n#1,Ww, =22"n
1-n

%= (I}:_i)(n—l)/n

TZ . (Vl)n—l
T, V2

2_..2
Reversible steady flow work: wy.., = — [ vdP + % +9(z1 — z3)

Polytropic process for Ideal Gas:

Ideal gas, no change in kinetic and potential energy

k-1
. KR(T;—T,) _ KRT. N>
Isentropic: Wye, = % = 11 [1 _ (P_Z)( k )]
- - 1

Isothermal: w,., = RTIn (%)
2

R(Ty-T,) RT[ (P)(n__l)
—Mthm) Ml (2 "]

Polytropic: Wye, = p— — P,



- desired output
Thermal Efficiency of Cycles {nth ===

} [Qc}’cle = WC}’cle} {% =11 reversible cycles only}

required input QL T
. W, ) T
Heat engine: 1y, = —=£=1— e
QH QH Th

Refrigeration: COPr =f = O - % <t
Win Qu—QL Tg-TL
Oy Qn Tn
Heat pump: COPyp =y = — = ——— < ——
pump Hp =¥ Win  Qu—QL Tu-TL
Isentropic (Adiabatic) Efficiencies:

actualwork  hij—h,

Turbine: = =
Nr isentropic work hi—hes

) __ isentropicwork _ hes—h;
Compressor: 1¢ = actualwork  — ho—hr
e 1A

actual KE at exit _ VZ/2
isentropic KE at exit  VZg/2

Nozzle: ny =

Specific Heat Relationships {Cv = %) , Cp = %) }
v P

Incompressible Substance (solids and liquids)
Use saturation tables: v = vrgr; U = Urar; h = hrer + Vrer(P — Psar) 5 S = Syer
Au = [ C(T)dT
OR Variable specific heat: { Ak = [ C(T)dT + vAP
As = [ZdT
Au = CAT
Ah = CAT + vAP

T
As = Cpp ln2
avg "t T

Constant specific heat:

Ideal Gases {Pv =RT,C, =C, +R, k= i—p} Use ideal gas tables u =

v

; M = Molar mass (Table A-1)

X | =

Au = [ C,(T)dT

OR Variable specific heats: Ah = [ Cp(T) dT
As = s —s? —Rln%
1

P, s9—s9 P
P exp (_2 1) — Pr2
P1 R PT1

Isentropic process:
picP v2 _ TP _vr2

vy TP vy

Au = Cp gy AT
Ah = Cpayg AT

Constant specific heats: { A5 = CvlnT—Z + RIn%
T 51

As = Cpln& — RlnP—2
T, Py

T, vy (k=-1)
(= (=" )

T, V2

)
Isentropic process: < Iz — (Q) K
i Py

Py _ (v_l)"
Py \1,
Other (saturated liquid/vapor mixtures, superheated vapors, e.g. water and refrigerants) > Use Tables A2 - A18
Useful Relations: h = u+ Pv ;v = vf + xVpg ;U = Us + XUsg ; h = h + Xhsg ;5 = ¢ + XS5y ;
m

quality = x = —2—; myprq = mp +my
Mtotal



