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1 Selected Constants, Conversions, & Definitions 4.1 Vapour Pressure
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1.1 Scaling & Linear Interpolation Pi .
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2 Ideal Gases 5.1 Closed System
. P{m = —
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3 Material Bal 5.2 Open System at Steady State
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¢ N — N30 My reacted 5.3 Mechanical System
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6 Energy Balance on Nonreactive Processes
4 Phase Equilibrium

T>
o id: AH —
Gibbs phase rule: v = 2 4+ Nypecies — Nphases Liquid, solid: & VAP +Tf1 Cr(T) dT
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6.1 Isothermal: {AT = 0,AP # 0}
Liquid, solid: AU =0 AH =VAP
Ideal gas: AU =0 AH =0

6.2 Isobaric: {AP =0,AT # 0}

Ts
Ideal gas, liquid, solid: AU = [ Cy(T) dT

Ty

Ts
Ideal gas: AH = [ Cp(T) dT
T

6.3 Heat Capacity Estimation
Liquid, solid: Cp %VCV Ideal gas: Cp = CVVA + R
Crmix(T) =, 2:Cp,(T) Crmix = y_; wiCp;

T>
AH = [ Cpuin(T) dT
T

6.4 Phase Change Operations
Example: | AT o Sehye g AT 4
AH = f C% dT + Ay H + f 2 ar
711(@
mol < Top  [nonpolar liquids]
3.978(Thp/Te) — 3.958 4 1.555In P,

Trouton: AvapH = 88—

Chen: AvapH = RTi,

107 - pr / TC
; 0.38
Watson: Ay H (T2) = AvapH (T1) (T - )
. H‘/Ellr
Psychrometry: miyaterv) = —5—
Vi

7 Energy Balance on Reactive Processes
7.1 Heat of Reaction
AH(T®, P?)
Il
ArH = Hpq — Hret (+) :endo (—) :exo
Reference states: substance, phase, T', P
o On T e .z
AH = Z fj ArH]e + anHz anHz

AH = T reacted = gArH(Tea Pe)

reactions out in
5 . Thnal _
H; = (4 phase change H) + [ Cp; dT
TQ

Closed: A U(T) =AH(T)-RT | 3 vl — 3 |v
product reactant
ideal gas ideal gas

Hess’s law: Ar]fff = AHY — AHY

7.2 Heat of Formation

AJT® = 5, viAT? V

H*®: element in most stable form; T, P for AfH*®; T, P uniform

. ~ ~ ~ ~ T2 ~
AH =Y n;H; — > n;H; H; = A¢H? + f Cp; dT
out in Thet

7.3 Heat of Combustion

AH® = 3, v AH?

7.4 Fuels

HH =—-A. Ving (when H,O (1) produced)

HL = —A H*® (when H>O(g) produced)

HH - HL + Nout, waterAvaprater(25 C)

HHVL,mix = Zl IiHH\/L,i HH\/L,mix = Zi wiHHVL,i

8 Balances on Transient Processes

dm e . . .
G = Min — Mout T T'gen — Tcons
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Example: storage tank with increasing 7oy

% = 7hin - moul

m — Mout,i
moul(t) = Mt + mout,i
tp—t;
t

f dm = f (17in — Tow) dt — | m(t) — m; = [ (Min — ew) dt

m; to
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