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Rapid Generation of Superheated Steam
Using a Water-containing Porous Material

Shoji MORI"T and Kunito OKUYAMA

Abstract

Heat treatment by superheated steam has been utilized in several industrial fields including sterilization, desiccation,
and cooking. In particular, cooking by superheated steam is receiving increased attention because it has advantages of
reducing the salt and fat contents in foods as well as suppressing the oxidation of vitamin C and fat. In this application,
quick startup and cut-off responses are required. Most electrically energized steam generators require a relatively long
time to generate superheated steam due to the large heat capacities of the water in container and of the heater. Zhao and
Liao (2002) introduced a novel process for rapid vaporization of subcooled liquid, in which a low-thermal-conductivity
porous wick containing water is heated by a downward-facing grooved heating block in contact with the upper surface
of the wick structure. They showed that saturated steam is generated within approximately 30 seconds from
room-temperature water at a heat flux 41.2 kW/m? In order to quickly generate superheated steam of approximately
300°C, which is required for cooking, the heat capacity of the heater should be as small as possible and the imposed
heat flux should be so high enough that the porous wick is able to dry out in the vicinity of the contact with the heater
and that the resulting heater temperature becomes much higher than the saturation temperature.

The present paper proposes a simple structured generator to quickly produce superheated steam. Only a fine wire
heater is contacted spirally on the inside wall in a hollow porous material. The start-up, cut-off responses and the rate of
energy conversion for input power are investigated experimentally. Superheated steam of 300°C is produced in
approximately 19 seconds from room-temperature water for an input power of 300 W. The maximum rate of energy
conversion in the steady state is approximately 0.9.
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Fig. 1 Test section.

- 40 -

A MEEY, RS Si0, 55 %,  Al,Os41 %, A %hER
3B 1 0.33 W/(m + K)) @ 50 mm X 50 mm [f5 O .0
\ZEAE 8 mm DOHZEE AR, HAR0.35 mm, £ X
11 m O ZNRESEIRIT, 725 NEEH
FIZEET D L0 ICEkER (B y FRIFE: £ 2.5 mm,
B K940 K), Rz ) araaickvie
7. T DOZFERO T Z KA o KER 3 mm D
KR LEKRSHE, B AT ER A2
M52 & Th#ELT-.

B2 1%, ARIERTHOT-ZAEERO BRSNS
AT (AEfEdh) , HEEBR o A AL RS oA (A feeh) %
FNENRL, TS ITKERE AL (FRiRTES): 484.0
mN/m, fiif:130.0 &) (kv EohizboTh
% CEXJHEFLES : 9 um, E— R£%:90.6 um, ZERRE .
62.3%). Z 2T, SRR A &L, MO
RKEWVHILEREN SR LTET, sy L
FEOAT & 1X, 20 MALARE dV 2 AL D RHGE Sy
E d(logD) CER L7ZED Z & TH 5. REBR TH =
ZIEROMIL S A DTS- XL, MITRTEIIC
KEWDR, SH%MILEED AL — 72 UK % T
W, Z OB OWTHEMIICRFT T2 TETH 5.
FlE— 2O O OB/ NS N & AR
b, ZA/EHZEEH O LY FRS 30 mm OALEICE
#RA% 0.08 mm(BFE$:0.2 ) K RUBNVE A #% (& L,
ZAVE RO TP L O%EfEgs DI ERE 1 mm O
K Bl — 2Bt 2 5% E Uiz, BEfiast DIRE Tou
DEFIEELL T TH 5 Z & iR L, 20 45 B OEENE
KEEAAY X THBPIL, 2 X v EEREM
FHRELE.

EH) - AZ IR OB AT 5 A I2IE, ZILER
B L OUKRE T OKER, =iE (] 25 C) (2> T
WAZ L EMERD L, 1To7-. £77, = LF¥—4
BhEn X, UTFORQ)TEFR L. n 255 ER
DOEEIE, IEBHLA% 00 B IRREIZ 7 o 7214,
ML, RO)~Q@)FHNCHEEL:.

n== ()
P
1 T T T
I 106 o
2 08 .| Eg
E BQ
gc) I o
23 06 _04 L g
S © . 8_>Q
2 o L -
o % so
ER {02 2%
>
3 02 %_o
-
1

O Il Il
0.1 1 10 100
Pore diameter Dpgre 12 M

Fig. 2 Pore diameter distribution of test porous material.
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Fig. 3 Time change of T, during stepwise heat input.
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Fig. 4 Schematlc view of evaporatlon on the
porous wick in the vicinity of the wire heater.
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7,inlet temperature T;,, and input power Q.
Porous material block
_. Heat flow
Ixantal wire |
M _ Water flow
= NN

Fig. 6 Schematic view of heat flow and water
flow in porous material block.
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