ChE 243: Formula and Data Sheets

Property Relations

V=mv(m?®); U=mu((]); H=mh(k]); S=ms(Kk/K) [Note: V = volume]
H=U+PV(]) = h=u+Pv(K/kg)
PE = mgz (K]) ; pe = gz (k]/kg)

1 1
KE = —m - vel 2(k); ke= 5 vel 2 (kJ/kg) [Note: vel = velocity]

6= (57) e a=(3) (/K

Saturated mixtures: vy = v + x(vy — V7)) Umix = Ur + x(uy — uy)

hmix = hf + x(hg - hf) ; Smix — Sf + X(Sg - Sf)
Incompressible substances (i.e. solids and liquids): ¢, = cp =c; Au= Ah = cAT
Ideal gases: Pv=RT; cpyg=cy+ R [Note: subscript"0" implies ideal gas]

2 2
Au = f o dT = cyo (T, = T1); Ah= f cpodT ~ cpo (T — T1)
1 1

First Law Relations

Closed system (control mass):

1 1 2
Q-W=m [(uz +5 vel,? + gzz) — (ul +5 vel,? + gzl)] ; W= f P dV for boundary work
1

Open system (control volume or CV):
Steady flow

vel - A
v

. . 1 1
Qcv — Wey = Z Tie (he +5 vel 2 + gze) - z m; (hi +5 vel 2 + gzi> , where m =

exits inlets

For single stream steady flow, with m, = m; = m, define q=Q/m; w=W/m

1 1
= q—w=(he+Evelez+gze)—(hi+zveli +gzl-)

Transient process (conditions uniform within CV & constant at inlets/exits; neglect changes in PE & KE)

Qcv — Wey = Z mehe — Z mih; + (Mauy; — myuy)ey

exits inlets
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Second Law Relations (T in kelvin)

SQI‘EV
T

ds =

2
Qrev :f Tds
1
ASior = ASsystem + ASgurr = Sgen =0
Incompressible substances (i.e. solids and liquids) with constant specific heats: As = ¢ In(T,/T;)

Ideal gases (with constant specific heats):
A Cyo In(T/T1) + RIn(v,/v,)
S =
cpo In(T,/T;) — RIn(P,/Py)

(k-1)/k T,

T )2 k—1

_ k _ k 2 _ (22 _ _

As=0 = Pvf=Puvk; —( ) ; —( ) ; where k = cpg/cyo
T, \P

Closed system (control mass):

AS = Z% + Sgen; Sgen =0

Open system (control volume or CV):

Steady flow

Qcv . . :
T+Sgen: Zmese - Z m;S; ; Sgen =0

exits inlets

Transient process (conditions uniform within CV and constant at inlets/exits)

Qcv
T+Sgen: Zmese - Z m;s; + (Mys; —mySi)cy SgenZO

exits inlets

Power and refrigeration devices:

W —
77th = net,out — QH QL : COPRe = QL — QL : COPHp = QH — QH
QH QH Wnet,in QH - QL Wnet,in QH - QL
Ty—T. T, Ty
Mih,carnot — Ty ) COPRe,carnot = ﬁ ) COPyp carnot = ﬁ
— Wactual _ hl - hz,actual . — Wy _ hZS - hl
nturbine B Wy hl - hZS ’ compressor Wactual hz,actual - hl

out
Incompressible steady flow: reversible work (neglecting changes in PE & KE) is wgy = —v f dpP

in

Page 2 of 3 Revised September 2014



Generalized Charts

Tp= o Pp=—
R T R T Py
7=t =Ry
“RT’ "7 RT, S

hy —hy = (hy —h3) + (hy —hy) + (h) — hy) ;

S; =81 =(5, —53)+(s; —5s1) +(s1—51);

Dimensions and Units

2
Ah* :f cpo AT = cpo(T; — T4)
1

As™ = cpoIn(T>/T1) — RIn(P,/P;)

Unit

Dimension Unit Dimension
length metre (M) force

mass kilogram (kg) pressure
amount mole (mol) heat, work
temperature kelvin (K) power
time second (S) volume

newton (N)
pascal (Pa)
joule (J)
watt (W)

cubic metre (m®)

Constants and Conversion Factors

1N =1kg-m/s?
1Pa=1N/m?

1 bar = 10° Pa = 100 kPa
R, = 8.314 47 k] /(kmol - K)
g = 9.806 65 m/s?

Linear interpolation

)'(J’Z — Y1)

X1
Xy — X1

3’:3’1"‘(

1J=1N'm

1m3 =103L =10°mL

1 atm = 101.325 kPa

R = Ry/M (M = molar mass)
0°C = 273.15K
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1W=1]/s
1 tonne = 1000 kg
1 psi = 6.894 757 kPa
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