HWAHAK KONGHAK Vol. 35, No. 5, October, 1997, pp. 762-768
(Journal of the Korean Institute of Chemical Engineers)

HO| Ukl HRIIMES 0|8 CHREC| YHET &5
BHEE - XA - 0|AS' - A
I s pets WAz A T

wigieh sphgest 2o gl
(19974 59 24 A%, 19974 64 259 ANd)

Measurement of Thermal Conductivities of Porous Bed using Transient
One-Dimensional Heat Flow Technique

Jong Hun Han, Kil Won Cho, Kun-Hong Lee' and Hwayong Kim*

Department of Chemical Engineering, Pohang University of Science and Technology(POSTECH),
San 31, Hyoja-Dong, Nam-Ku, Pohang, Kyungbuk, Republic of Korea
*Department of Chemical Engineering, Seoul National University,

San 56-1, Sinlim Dong, Kwanak-Ku, Seoul, Republic of Korea
(Received 2 May 1997; accepted 25 June 1997)

2 <%

Faolut stahibge] dolihe ubeSolAe] GAY WS HA3) el AEES R3] ol Aol 43}
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29 Ax AR o] 5= BFEA A Aol thale] AP-E S5} 0.1-04g/em™) 2Ry WEE S &
AR A Aol Hale] Euteke] dATTE 4.1-20.0 WmK2) H9]e) 2l o, ¥R E wpake] dAE T 4.6-42.3 WmK
o] we]o) 9laich.

Abstract— Accurate thermal conductivity measurements are ‘important in order to analyze the thermal transport phenome-
na inside the reaction beds. In this study, the transient one-dimensional heat flow technique was used as a direct method of
thermal conductivity measurement for reaction beds. The experimental apparatus was built based on this method and meas-
urements on the standard sample from NIST confirmed that this technique is accurate to within 2 %. Measurements of ther-
mal conductivities were also carried out with graphite matrices used as heat conductive medium in reaction beds. For gra-
phite matrices with bulk densities of 0.1-0.4 g/cm’, the thermal conductivities in the axial direction were in the range of 4.1-
20.0W/mK, while the thermal conductivities in the radial direction were in the range of 4.6-42.3 W/mK.
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Fig. 1. Clapeyron diagram for chemical heat pump.
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Table 1. Various non-steady state methods to measure the thermal conductivity[9-11]

Technique Temperature(K) Specimen materials Conductivity(W/mK) = Uncertainty(%)
Axial Heat Flow’ 90-1300 metals & alloys in cylindrical form 10-500 0.5-2.0
Radial Heat Flow’ RT-2600 solids & powders in cylindrical form 0.01-200 3-15
Direct Electrical Heating9 400-3000 wire, rod, tubes of electrical conductors 10-200 2-5
Guarded Hot Plate’ 80-1500 thermal insulations, building materials <1.0 2-5
Panel Test’ 600-1600 refractory materials in block form 0.05-15 -15
Transient-
Hot Wire Method’ RT-1800 refractory materials including 0.02-2 5-15
powder and nonrigid forms
Hot Strip Method" solids & rigid forms 1-200 -3
1-D Heat Flow Method" solids & powders in cylindrical or rectangular form 1-100 -3
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Fig. 2. Experimental apparatus for thermal conductivity measurement.
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3. Specimen
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B) Electrical circuit

2. Thermal insulation

4. Thermistor(temperature sensor)
6. Constant resistor '

8. Computer for data acquisition
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Fig. 3. R(t) versus f(w) curve of stainless steel.
(correlation coefficient : 0.9996, w,,, : 0.54).
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Table 2. Results of thermal conductivity measurements for the stand-

ard sample from NIST at 24 °C
Run no. Thermal conductivity(W/mK)
1 141
2 13.7
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4 14.1
5 13.9
Average standard deviation 139
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Fig. 4. R(f) versus f(w) curve of graphite matrix with 0.4 g/cm’.
(correlation coefficient : 0.9995, w,,, : 0.52).
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Fig. 5. Thermal conductivities of graphite matrices in axial direction.
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Fig. 6. Thermal conductivities of graphite matrices in radial direction.
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Fig. 7. Anisotropy ratio of thermal conductivities for graphite matrices.
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Fig. 9. Porosity change of graphite matrices.
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: thermal diffusivity [m’/sec]

: intercept of f(w) versus R(t) curve [Q]

: slope of f(w) versus R(t) curve [Q]

: specimen thickness [m]

: specific heat capacity [J/g - K]

: specimen width [m]

: constant heat flux [W/m’]

: heat transfer coefficient of fluid [W/m’K]

: heat transfer coefficient between the reaction bed and the reactor
wall [W/m’K]

: initial current of thermistor [A]

: thermal conductivity [W/mK]

: specimen length [m]

: heat liberation [W]

: resistance [Q]

MU OwWR e

F

: initial resistance of thermistor [Q]
: resistance of constant resistor [Q]

mE R REO T T e

: resistance extrapolated to time zero for R(t) versus (t—1.)"”

curve [Q]
t  :time [sec]
t.  :time delay due to imperfect contact [sec]
T :temperature [K]
T. :temperature at boundary of thermistor and specimen [K]
T, :initial temperature of thermistor [K]
w  :ratio of measurement time and characteristic time
W, : value of w for last measurement point
V(t) : voltage drop of thermistor [V]
V.. :applied total voltage [V]

azjola Bxt

p  :density [g/em’)

o :temperature coefficient of thermistor [K ']

© : characteristic time [sec]

A, :thermal conductivity of reaction bed [W/mK]
Ageer : thermal conductivity of stainless steel [W/mK]
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