
Introduction to Reactor Design, 3K4
General heat balance equation:

dEsystem

d t
= 0 = Q̇− Ẇs − FA0

n∑
i=1

ΘiCpi (Ti − T0) −
[
∆H◦

R(TR) + ∆Cp(T − TR)
]
FA0X

• Q̇ = rate of heat added or removed from the system [J/s]

• Ẇs = rate of done on the environment by the system (often ≈ 0) [J/s]

• FA0 = molar flow of basis species A [mol/s]

• X = conversion of basis species A [-]

• n = number of species in the system

• Θ =
Fi0

FA0
[-]

• Cpi = heat capacity of species i, [J.mol−1.K−1]

• Ti = T = temperature of the system (assuming it is well mixed) [K]

• T0 = entry temperature of the system [K]

• TR = reference temperature = 298 K

• ∆H◦
R(TR) = heat of reaction occurring in the system at TR [J.(mol of A reacted)−1]

• ∆Cp =
d

a
CpD +

c

a
CpC − b

a
CpB − a

a
CpA = change in heat capacity [J.(mol of A reacted)−1.K−1]

Adiabatic operation

With adiabatic operation we have Q̇ = 0. Additionally, if we assume that Ẇs ≈ 0, then, solving the above
equation for T gives:

T =
X
[
− ∆H◦

R(TR)
]

+
∑

ΘiCpiT0 + X∆CpTR∑
ΘiCpi + X∆Cp



How to handle temperature as a function of X; first assume

T =
X
[
− ∆H◦

R(TR)
]

+
∑

ΘiCpiT0 + X∆CpTR∑
ΘiCpi + X∆Cp
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