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Measurement of Effective Thermal Conductivity in Silica Gel Packed Bed

Oh-Kyung Kwon' , Jae-Ho Yun, Joung-Ha Kim
Energy System Team, Korea Institute of Industrial Technology, Chonan 330-825, Korea

(Received July 2, 2004; revision received October 11, 2004)

ABSTRACT: This paper presents an experimental measurement of effective thermal conduc-
tivity in an adsorbent packed bed with silica gel A type. The effective thermal conductivity
was measured under different conditions of the adsorbent bed temperature, pressure, particle
size and water content by using the transient hot wire method. The measured effective ther-
mal conductivity showed to become bigger with decreasing particle size or increasing water
content, but it was a little affected with increasing bed temperature and pressure. The bed
temperature was varied in the range of 10C< T <50C and the pressure in the range of 10
kPa< P <190kPa. The results show that 0.10~0.18 W/m'K of effective thermal conductivity

measured for the zero water content.

Key words: Packed bed(%# %), Transient hot wire method(®A7d EA7184), Effective
thermal conductivity(f &8 A =-&), Water content(Z &), Silica gel(2 g7} 4)
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Fig. 1 Principle of transient hot wire method.
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D Personal computer

@ Data acquisition unit
@ Auto voltage regulator
@ Slidac

® Power meter

® Test section

@ Constant water bath
Water pump

® Flow meter

@ Constantan wire heater
@ Thermocouple

@ Pressure transducer
@ Vaccum pump

@ Pressurized air

Fig. 2 Schematic diagram of the effective thermal conductivity.
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Fig. 3 Position of thermocouple.
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Table 1 Conditions of measurement

Range
10, 55, 100, 145, 190
10, 20, 30, 40, 50
0.0,0.1,0.2,03
0.65

Parameters
Pressure of packed bed (kPa)
Temperature of packed bed (C)
Water content (W)
Volume ratio (Z)

Table 2 Distribution of particle size

Particle size| Distribution | Analytical value

05~0.8 99.7 wt%

05~08
TR below 05 0.3 wt%
above 1.7 3.0 wt%
1.3~1.7mm 1.3~17 95.2 wt%
below 1.3 1.8 wt%
above 2.3 2.9 wt%
2.3~27mm 23~217 96.7 wt%
below 2.7 0.4 wt%
3.35~39 96.7 wt%

3.35~39
T pelow 335 1.3 wt%

Table 3 Thermal properties of silica gel

2} 3 7) (Particle size) 5o} dalA &AL &3k
Tge sEo] FqiE AgtARAFAqM B2
o=z

Aesta A% W@ g A2AANA A
U Aoz sk

Table 2= 290 4182 QA% A
PAREE Ukl Zold, 472 Fzd o
il ::’}l‘EE“ 1.3~ 17mm°] 9ol 952 wt%,
05~08mmel Aol 997 wtse]l ¥ el 3
ou, 240 AHEE dYsAL I KAHAE
D GB PAHABDS AFS A§AT

Z4o AH$E Ty KA 9B F
YEYAE e Rolth

>
T

Table 3&
AErY) 4dE7tAe
dAEE FFE AT AR 2
Z& (Moisture adsorption capacity), Z21.7]
(Bulk density), Bl 23 (Surface area), PH,
42 (Pore volume), A& 3 7](Pore diameter)
EEHAE F A AL fKArEte FE
=g g 23 F vag gt

MR oot X = ogfr do >

P o ofd ofy E(°f' F°('

33 MEAN 2 oy
Table 4= dY7Ae} FRIAAEES D
dolgel AgHS eyl AdA R

05~0.8mm, &4& 10kPa,
Aol Azbast( g, )l wWE 3EHe 2z
Ty, To)st FEEAESES Jed Ao
Apaste] wetd FEIYAES S FS QA
A 3% ool A Ao dAT g HErRen,
£ A E IS Ao solHE =43
Atk

<& 20T, &5€ 0¢

Table 4 Measurement results of effective ther-

Properties Domestic Japan mal conductivity on time
K company |F company
05~0.8 Particle size : 0.5~0.8 mm, Pres. : 10 kPa,
Particle size (mm) 1.3~17 2.3~27 Bed temp. : 20C, W : 0.0
3.35~39 t (s) b(s) | Th(C)| To(C)|A (W/mK)
Moisture 20%R.H.| 11.0 Min 12.0 Min 11 47 20.9 3292 0.164
adsorption |50%R.H.| 25.0 Min 25.0 Min 11 61 20.9 349 0.164
capacity (Wt%6)(909%R.H.| 350 Min | 350 Min 11 87 209 | 368 0.166
Bulk density (g/ml) 0.72~0.78 0.73 11 107 209 383 0.166
Surface area (m”/g) 690 650 11 127 20.9 395 0.168
PH (at 5% slurry) 50~70 50 11 147 20.9 40.6 0.167
Pore volume (ml/g) 0.39 0.36 11 167 209 414 0.168
Pore diameter (nm) 2.2 2.3 11 187 209 42.2 0.169
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Fig. 4 Dependence of effective thermal con-
ductivity on pressure,
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Fig. 5 Dependence of effective thermal con-
ductivity on bed temperature (W : 0.0).
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Fig. 6 Dependence of effective thermal con-
ductivity on bed temperature (W : 0.1).
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Fig. 7 Dependence of effective thermal con-
ductivity on bed temperature (W : 0.2).
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Fig. 8 Dependence of effective thermal con-
ductivity on bed temperature (W : 0.3).
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Fig. 9 Dependence of effective thermal con-~

ductivity on water content.
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