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Abstract — To control hot spot in a plug flow reactor (PFR) is important for the yield and purity of products and safety.
In this paper, coolant temperature is set as a state variable, and radial distributions of heat and mass are considered to
model the PFR more realistic than without considering radial distributions. The model consists of three state variables,
reactant concentration, reactant temperature, and the coolant temperature. The flow rate of the isothermal coolant is a
manipulated variable. This paper shows that the controller considering the radial distributions of heat and mass is more
effective than the controller without them. Assuming that u;  is 0.7, the suggested control equation was robust when St
is bigger than 1.3, and 4 /4 is smaller than 2.0. Under this condition, the hot spot temperature changed within the
relative error of one percent when the temperature of input altered within the range of five percent.
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Table 1. Nomenclature

Parameter Name Unit
A Cross sectional area of the reactor m’
A, Cross sectional area of the coolant m’
C Concentration of the reactant mol/m>
G, Specific heat of the reactant J/KgK
C,e Specific heat of the coolant J/KgK
H Heat of the reaction (—AH) J/mol
K Controller gain -
K; Integral mode gain 1/s
L Length of the reactor m
-, Rate of the reaction mol/m’ s
R Radius of the reactor m
S Circumference of the reactor m
T Temperature of the reactant K
T, Temperature of the coolant K
T, Set point of the reactant temperature K
U Overall heat transfer coefficient W/m? K
v Velocity of the reactant m/s
v, Velocity of the coolant m/s
x Axial position m
o Diftusivity of the reactant m¥/s
oy Thermal diffusivity of the reactant m%/s
¥ Radial position m
P Density of the reactant kg/m?
o Density of the coolant kg/m?

T Elapsed time s

Table 2. Dimensionless numbers

Parameter Name Equation
[ _acl
D, Diffusivity of the reactant De=—
VR
R oL
Dy Thermal diffusivity of the reactant Dy = —
VR
. _-L (1)
g  Reaction rates g(u,uy) =
vC,
Rate of heat producti _ L)
q ate of heat production q(uy,u,) pC T,
r  Radial position r= 1%
St Stanton number St = USL
vpC,A
P
. VT
t T t=—
ime 7
. _C
u;  Concentration of the reactant m==
0
T
u,  Temperature of the reactant U=
0
T,
uy  Temperature of the coolant us =7
0
vy Hot spot temperature y(h) = m[%zl]uz(t, z)
ze|0,
. T\' 4
Yy Set point of hot spot temperature  y,, = -5:1-
0
. .. X
z  Axial position =7
z,,  Axial position of hot spot 2,() = argmax,, g (1, 2)
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uy(¢t, 7, z) : Concentration

U, (t, 7, z) : Temperature

uz(t,r, z) : Coolant temperature

g(uq,uy) : Reaction rate

q(uq,u;): Heat production rate

z=0

Fig. 1. PFR model and dimensionless numbers used in this study.

Table 3. PFR model A without considering radial distribution
—2/uy
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third-order Runge-Kutta methodZ ©]-&-TH1].

Fig. 25 &3l PFR 22 A%} 25 BE] EFd/dS A5l 1okt
5el BollA] WAL kel o 9 S o] w9 e A WAL
o 2o s Wl 1 gradient?} WHAYSHA] ool AyA o7 1
2 At FUs A7E vERA . o] Fig. 29 (@)% (o)7F F

Atk ZloR AR 4 gt

Table 4. PFR model B with considering radial distribution.
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Table 5. FDM-applied partial difference terms in Table 3 and Table 4.
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Oult,z) _ut,z)—ut,z—h.)

Model A = - : (F-1)
aui(ta V,Z) _ u‘-(t,r,z)—u,-(t,r,z—hz)
oz h, (F-2)
Model B aui(atarraz) — ui(t’ raz)_Zi(tar_hr:Z) (F-3)
Oui(t,jh,2)\ _ . u(t,G+ Dh,2)—ult,jh,2) . ultjh,2)—ut, (G-1Dh,2)
6r( = ) (j+0.5) - —(j-0.5) . (F-4)
(a) 1.30 (b) 1.30 (© 1.30
1.25 1.25 1.25¢
1.20 1.20 1.20]
u2115 uz 1.15 u2 1.15¢ 1.236 pr—
110 110 1101 /=
1.05 1.05 1.05| - T
1 00 1 00 . 1 00 “Fars 0.42 0.425
0 0.5 1 0.5 1 0 0.5 1
A z A

Fig. 2. u, corresponding to z when using (a) model A, (b) model B with D=2, D-=0.02, and (c) model B with D;=50, D= 0.5 when v /v is

fixed to 0.2992.

0.5 <Parameters>
o A/A=20
04 o Cpe/Cp = 15
v o p/p =12
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U =10
V o3 Uz =0.7
Ysp = 1.234
g(uy, uy) = —18.742e /M2y,
0.2 q(ug, up) = 8.0478e /M2y,
0.95 1 1.05
Uz,0

Fig. 3. Steady-state solution of v./v under given parameters.
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Fig. 6. y(#) and v.(?)/v corresponding to # when (a, b) K;=0, (c, d)
K;=1, and (e, f) K, =10 given that u, 4(?) = 1.00 + 0.05 sin(?).
The orange line on each graph overlaps with the yellow line
and is obscured. The horizontal red dotted line on each graph
represents y, = 1.234.
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Fig. 7. (a) y(¥) and (b) v.(f)/v corresponding to ¢ given that K,=10
and u, ,(?) ~N(1, 0. 022). The orange line on each graph over-
laps with the yellow line and is obscured. The horizontal red
dotted line represents y,, = 1.234.
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given that K;=10 and u,(?)=1.00 +0.05 sin(9). The horizon-
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Fig. 9. (a) y(f) and (b) v.(¢)/v corresponding to 7 at various St values
given that K; =10 and u, o(?) = 1.00 + 0.05 sin(?). The horizontal
red dotted line represents y,, = 1.234.
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