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Abstract— A method for determining heat transfer coefficients and the effective thermal conductivity in a nonisothermal
and nonadiabatic fixed-bed reactor has been proposed. By using the temperatures experimentally measured at several points
in the fixed-bed and the outside wall of the reactor, the overall heat transfer coefficient(h,), the inside wall heat transfer
coefficient(h,), and the effective thermal conductivity(k.,) were calculated on the assumption that the system is pseudc-homo-
geneous. The system has been analyzed one-dimensionally for h, and two-dimensionally for h, & k., respectively. The coef-
ficients obtained in the temperature range of 200-300°C for the reactor of 47 diameter were found to be different for heating
or cooling. Nevertheless, the temperature distributions in the reactor simulated with the obtained coefficients were in a good
accordance with the experimental observations. The effect of fluid convection in the fixed-bed according to heating or cool-
ing on k,, was also discussed. The method proposed in this study can be very effectively used in determining the coefficients
and predicting the temperature distribution in an industrial fixed-bed reactor without any additional system or instrument.
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Table 1. MSL Fortran subroutines
IMSL Fortran

Method subroutine Purpose
Optimization UNLSF —-To solve a nonlinear least squares
problem using a modified Levenberg-
Marquardt algorism and a finite-diff-
erence Jacobian
Laplace CBINS -To evaluate a sequence of Modified
transform Bessel functions of the first kind with

integer order and complex arguments
INLAP - To Compute the inverse Laplace trans-
form of a complex-function
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Table 2. Experimental results of the axial temperature distribution in the fixed-bed reactor

Run no. PBT #1 PBT #2 PBT #3 PBT #4 PBT #5 PBT #6

Flow rate(g-mol/hr) HF 83.508 97.32 97.451 99.624 92.749 87.828 Sensing point
HCFC 133a 10.297 0.00 5.849 4.306 4.009 5573  (from top of cat. bed)

Pressure(kg/cm’-g) 8.3 8.3 6.5 8.7 8.4 8.4 z(m)

Bed temp.(°C) T, 260.0 2269 181.3 250.9 222.0 2220
T, 2587 2275 181.8 2483 219.9 220.0 0.010
T, 251.7 249.3 201.0 2414 2143 2141 0.134
T, 245.1 270.7 222.4 2351 2102 209.5 0.258
T, 238.1 2914 2438 2275 205.4 203.8 0.382
T,s 229.7 3117 265.1 218.2 199.8 196.7 0.506
T, 221.4 3293 285.0 209.4 195.6 190.6 0.630

Cutside wall temp.’'C) T, 2417 2528 210.6 234.4 207.8 206.9 - 0.020
T 240.0 2709 2278 231.3 206.0 205.2 0.072
T.. 230.0 295.8 253.0 219.9 197.8 195.6 0.196
Tus 219.8 319.6 278.5 210.5 1921 189.0 0.320
Toa 210.0 3343 293.5 201.7 187.3 182.1 0.444
Tus 201.9 3438 304.4 191.7 181.8 175.5 0.568
Tue 191.7 3434 3058 180.4 173.9 166.4 0.660

Heating method Cooling Heating Heating Cooling Cooling Cooling
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Table 3. Calculated parameters in the 1-dimensional model

. Optimized heat Objective R.M.S error
Heating . —_—
method Run no. u'ansfe{ coeuff. function e=V(E/N,)

h(kJ/m*-hr-°C) F=X(T,... ~ T.o)

Heating PBT #2 44.12 14.20 1.54
PBT #3 47.17 6.98 1.08
mean value 45.65

Cooling PBT #1 33.50 3.90 0.81
PBT #4 35.40 8.40 1.18
PBT #5 28.26 10.50 1.32
PBT #6 29.56 6.92 1.07
mean value 31.68
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Fig. 3. Measured and calculated temperatures for Run No. PBT #2.

Table 4. Calculated coefficients in the 2-dimensional model

Heating R " Parameters m RMS error(e)
method " L 2 e e=NE/N,)
(kJ/m-hr-°C) (kJ/m"-hr-°C) P

Heating PBT #2 11.79 49.04 1.37
PBT #3 9.14 55.04 0.55
mean value 10.47 52.04

Cooling PBT #1 (20.0)*' 34.48 0.81
PBT #4 20.0y*' 35.39 1.18
PBT #5 (20.0)*' 28.26 1.32
PBT #6 (20.0y*' 29.56 1.07
mean vzlue 31.92

*'k_=20 kI/m-hr-“C, fixed value
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Fig. 4. Effect of k., on the objective function of Run Ne. PBT #2.
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Fig. 5. Effect of h, on the objective function of Run No. PBT #2.
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Fig. 6. Ratio of temperature differences.
Table 5. (T, ~ T)/(T,- T,) values frem Eqs. (17) & (18)
Run no. a=2k,/h,R Eq. (17) Eq. (18)
PBT #2 4714 0.0962 0.1003
PBT #3 3.256 0.1335 0.1430
mean value 3.937 0.1128 0.1228
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Fig. 7. Velocity and temperature profile in cases of heating and cool-
ing the fixed-bed.
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ALB213

G-C,
a= R, Ep. (6-a
. p. (6-a)

4 b,

D G-C,

c= %‘; R, Eq. (6-b)

C,  :specific heat capacity of a fluid [kJ/kg °C]

d,  :diameter of catalyst pellets [m]
D, :inner diameter of a reactor [m]

ez\f(-F/Nlj : oot mean square(RMS error) ["C]
N,

F=75 (T, - T, ) : objective function ["C’]
i=l

G :mass flow rate of a fluid [kg/m’ hr}

h,  :wall heat transfer coefficient [ki/m"-hr-"C]
h,  :overall heat transfer coefficient [kJ/m’ hr -°C]
k. :effective thermal conductivity [kJ/m-hr-°C]
k.,  :axial effective thermal conductivity [kJ/m - hr-°C]
k.  :radial effective thermal conductivity {kJ/m-hr-°C]
L :length of the reactor [m]
N :no. of measuring points on outside wall(T,,) [-]
N,  :no. of measuring points inside the reactor(T,,) {-]
R, r :radius of reactor [m]
T  :temperature of the catalyst bed [°C|
T.; :calculated temperature at a position i inside the reactor [°C]
T,. :practical temperature at position i inside the reactor [°C)
T.. : practical temperature at position i on the outer surface of the
wall [*C}
T, :temperature of a fluid entering the reactor ['C]
T:  :temperature of a fluid contacting inner surface of the wall [°C)
T. :outer wall temperature ['C}]
’ ':EE:-a—Ti=§T—1:const
09z 9z Az
V! linear velocity in the bed [m/sec]

V. :average linear velocity in the bed [m/sec]
AV :velocity difference at the center and near wall [m/sec]
z, z,, : axial distance from the entrance [m]

a= Xy Eq. (8-b)

h.R’
0=AV/V,
p  :dimensionless radius, r/R [-]
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