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Heat Transfer Characteristic of the Spiral Type Solar Chemical Reactor
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ABSTRACT: The purpose of the research is to develop the high performance solar chemical
reactor for producing hydrogen using steam reforming reaction of methane. A specific shape
chemical reactor is suggested : spiral type reactor. The reactor is installed on the dish-type solar
thermal system of Inha University. The temperatures, CHs conversion rates, and Hz proportion are
measured. At specific condition, CH¢ conversion rates of the spiral type reactor are about 91%,
and Hz proportion are about 66%. The spiral type reactor gives reasonably good performance
without any problems caused by highly concentrated solar radiation.
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Fig. 2 A schematic diagram of reacting system.
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Table 1 Performance of a pump

Specifications
Flow rate Oét%l;rﬁ?/l;igo
Dispensing volume 0.01 mL to 999L
Speed 0.01 rpm to 100.0 rpm
Communication RS 485
Power AC 100~240V 10%
50/60 Hz
Operating condition | Temperature 0 to 40 C
Dimensions(LxWxH) 292x185x180 mm
Drive Weight 3.8kg

Fig. 3 Solar Chemical Reactor.
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Fig. 4 Target with cooling system.

Fig. 5 IDL for image analysis.
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Fig. 10 Thermocouple position.
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Table 2 Flux condition of reactant

r(rjllg)lfe: 2;?) mole/sec | g/sec | 1/sec
CH: 00025 | 004 | 0056
HO | 1:1 | 00025 | 0045 | 0.056
HO | 1:2 0005 | 009 | 0112
HO | 1:3 | 00075 | 0135 | 0.168

Table 3 Measure parameters and their uncer—

tainties
Parameter Uncertainty
Temperature(C) 0.1
Mass flow rate(kg/s) 0.2%
Heat flux(kW/m’) 1.1~15%




FA 8L F3 Spiral 4 8t

—

4. 23 5 &

i 21

ol

4.1 F4

411 AF - 24 8N

GF % B4 DAY SN 2w
SUx REAE ofd HW), UGS oS3

a
Col—Apu, T)| = —
P P[ dx; (pu; )] oz ! oz

4714 Criz B719 3L vhehyol, ks
F719 AAESS et

dI(s,w)

o = —lato)sw)

o T4 (5)

+a

o, 4im
+f‘/ 17 (s,0)Pdw
4T J

8 werle gdw

o

an
o

45

Il : Energy flux per unit area normal to
ray, per unit solid angle
a, o, : Absorption and scattering coefficients

respectively
o . Stefan-Boltzman constant(5.672x10 "
W/m’Kh

P . Scattering phase function

w3 F 2 BA A A ALgd AA
Z71& Table 49 v}

e gde sde S8 w9l
&S AT ¢ glon, BAF @AY S
E3) whabg@zl k7] Alo]o FAAATE AT
Atk

g aes Ane wgrl A A @
Ao FA L 9A Bl o) |
¢ 5 QE mdolw, o5t YA W

Fol B BAANE @] N

4 5o 44 dolHE AT & Y

Agkar A At

4.1.2 Spiral 84 ¥k8-7] A

Fig. 12 9&7] AR g 2=8 %

+

Table 4 Boundary Conditions

Mass and Momentum No slip wall

Smooth wall

Wall Roughness
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Fig. 11 Result of convection/radiation analysis.
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Fig. 12 Temperature distribution of spiral
type reactor.
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Fig. 17 CHs conversion(%) and Hz propor-
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