ChE 344 Winter 2016: Final exam equation sheet
Dr Trent Silbaugh, Instructor

Fundamental Equation

dN, v
WZFAO_FA'{‘I T'AdV
Design Equations
Conversion Basis Molar Basis
dX X dx dN, f’“o dN,
Batch —_—= = t: =N — 2 — t. =
Nogg=—mV & A"fo —1,V a P, TV
CSTR V= FAO(Xout - Xin) V= FAin - FAout
Tout Tout
dXx Xout dX dF, "0 dF,
PFR | F, & _ _ V=Ff a2 dFy _ sz aky
A0 gy Ta ! 40 X T4 av Ta ! Fa, 14
ax Xout dX dF, P40 dF,
PBR | £, " _ W:Ff ax 1 dE W:f ,
A R P, T
Ideal gas law: pV = nRT R =8314—_ = 1,987
mol.K mol.K
: PP —4- Ea - . Ea(i _1
Arrhenius Equation: k,(T) =A-exp [_RT] ks(T) = k4(Ty) - exp [R (To T)]
AHm (1 1
Kc(T) = K¢(To) - exp [—R (T—O - ;)]
Stoichiometry:
For Reaction: ad + bB — c¢C + dD Liquid Phase: C; = C4o(0; — v;X)
) _ Ca0(®i+v;X) (P (To _ T\ (Po
Gas Phase: ;== "~ (Po) (T) v =vo(1 + £X) (To) (P)
— Fio _ Cio _ Yio _4d,¢c_b_ =
Gi_FAo_CAo_YAo 6_a+a 1 € = Yao0
Packed Beds: laminar turbulent
dP G (1—¢\[150(1 — p)u P o Py (T
dz _pchp( $3 )[ Dp +1'756] daw ~  2P/P, (T_o) (1 +¥408%)
_ G (1-¢\[150(1 - P)u _ 2B, _
Bo = —pochP< 33 )[ D, + 1.756] e RS TN dw = (1 — $)Acp, dz
Ifisothermal and § = 0 or X is very small: Pi = (1—aw)1/?
0

Energy Balance
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For Steady State System in Single Phase Adiabatic System (CSTR, PFR, PBR, Batch)
0=0Q—W,—Fy Z 0;Cp, (T — Tip) — AHpy (T)FoX Conversion
=1 _ £0,Cp (T — Tp)
where Hyy (T) = AR (Te) + Zéf_e (I'=Te) " “[AHgy (To) + ACH(T — To)]
viCpi
Temperature
. B %0,Cp, + XAC
PFR with heat exchange Fi F
Qg Qr
Heat "Generated"  Heat "Removed"
—_——— —t—
dl" 1AHg, — Ua(T—T,)
av F;Cp,
Unsteady State CSTR and Semibatch
dTr _ Q - Ws - Z FiOC_Pi(T - To) + (_AHRx) (_rAV)
dt IN;Cp,
Multiple Reactions:
Selectivity and Yield
Instantaneous Selectivity Spu = ™p /TU
Overall Selectivit s _ F
verall Selectivity Spyu = D/FU
Instantaneous Yield Ypja = rD/_rA
Overall Yield v _ Fp
Yow = /FAO —Fy

External and Internal Diffusion:

Wiz = kC(CAB - CAS) .

System with reaction only on external surface area: Cy5 = . Cyp
v
Re = pUdp Sh = dep Sc = D_
U Dyp AB
Correlation for flow around a sphere: Sh = 2 + 0.6Re'/2S5c'/3

__ Dapdpoc

h
Tobs _ tanh(éq) by =Lp where Dfp =

n:

e
Tmax b1 Dap

and Lp = xp (slab), R?P (sphere), RZ—P(cylinder)

Enzyme Kinetics:
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' ' ; VinaxlS
Michaelis — Menten Equation: ry,oqyce = Kr}r\z/[af[[s]]
; . 1 1
Lineweaver-Burke Analysis: — versus &
14
Integrals:
X xa+1 X gx 1
fox =iy 7 fO1+eX gn( + £X)
§ Y1+eX 1
fox_ldlen(x) fo 1_XdX:(1+e)ln<1_X>—eX
XdX_ ( 1) X 14ex _(1+£)X < 1)
Ol—X_nl—X 0(1—X)2 = 1—x €ln 1—x
X dx X w 5
= 1— 1/2 =~ [1-01- 3/2
o 1—-X) 1-X fo (1 —aWw)"=dw 3a[ (1—aW)3/?]
X(1+ eX)? (1+¢)2X
MR oy B 5
fo a-xz ¥ 2e(1+ (1 = X) + X + ———

fX dx 1 l(G)B—X) 0. %1
s A=X)(0;-X) 0,-1 "\o;A-x))" B

d(yI(v)) 1
dt

d
Y =QMI®), y= 6] f Q(®)I(t)dt

— = =/ P®
THPOY=QO, 1) =elF,

—-b ++Vb%-4ac

2a

Roots for: ax2 + bx + ¢



