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ABSTRACT

The system to generate steam from low-grade waste heat is therefore required for
the effective utilization of energy. In this study, a novel steam generation process using
a direct heat exchange system with adsorbent-water pair is proposed. Contacting water
with adsorbent makes excess water evaporate due to the release of adsorption heat
from adsorbent. Because this system does not require any heat exchangers, increment
in packing density of adsorbent particles in the reactor is expected. The bench-scaled
adsorption type steam recovery system of the steam generators for 10-45
kg-adsorbent/unit was developed. Operation condition of the steam generation process
and the regeneration process of this system were investigated using this equipment of
the one or three generator units. As a result, the steam at 170 °C (maximum) and 150
°C (average) could be generated continuously using the bench-scaled equipment of

three steam generators.
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system were investigated using bench-scaled equipment of
one steam generator. And more, continuous steam
generation operation was examined using this equipment of

the three generator units.

R E T REANIZE AT No. 28 2014.

This document is provided by JAXA.




(150°C)

Steam generation system \

= (120°C, -40°CDP)
I .- for desorbing adsarbent

R T T )

High temperature dry a

Auxiliaries

Hot Waste water (s0°c)

/fAir regeneration system

1S
. o oY

SN
haust air
7’

__|'

regenergtion
f desiccant

Y
Exhaust air:»
7

=t

g 107

’Ambientm;
air- 1

Y

Desiccant wheel and pre-heater

i_ Dry air
#(70°C, -40°CDP)

b g e -

ir

4

Fig. 1 Bench-scaled adsorption type steam recovery system

2. Experimental System

2.1 Apparatus

An outline of the bench-scaled adsorption type steam
recovery system is shown in Fig.l. This system is
composed of steam generation system, air regeneration
system, and their auxiliaries. The steam generation system
generated steam from absorbing zeolite pellet as the
adsorbent, at the steam generation process. The air
regeneration system produced high temperature dry air for
desorbing zeolite pellet at the regeneration process. The
steam generation system is composed of cylindrical steam
generators, a feeding pump of water, a vacuum pump, a
compressor of air, and a water tank for hot water. An
outline of the steam generator is shown in Fig.2. The steam
generator was made of stainless steel with the height of 565
mm and the inner diameter of 498 mm. Zeolite pellet was
packed into the steam generator for 10-45 kg/unit. The air
regeneration system is composed of a blower, a desiccant
wheel, a pre-heater, and LiBr/H,0 absorption heat pump to

heat up dry air.
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Fig. 2 Steam generator

2.2 Operation methods

The steam generation process and the regeneration
process are shown in Fig.3. Operation methods of each
process were determined from results of the labo-scale
experimental system[4]. In the steam generation process,
air in the steam generator was removed by the vacuum
pump (step 1). Hot water of 80 °C was introduced to the

steam generator from the water tank through the feeding
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pump. Low-pressure vapor which evaporated from hot
water was adsorbed zeolite. Adsorption heat was generated,
to raise the temperature of the zeolite (step 2). After that,
hot water contacted the zeolite. Steam was then generated
by adsorption heat (step 3-4). The steam generation process
was terminated when water interface reached the top of
packed bed of zeolite pellet (step 5). After the steam
generation process, it is changed to the regeneration
process. Remained water was drained from the bottom of
the steam generator by compressed air from the compressor
(step 6). The high temperature dry air was introduced to the

generator. Water is desorbed from zeolite, and zeolite return

to the initial condition (step 7). The high temperature dry
air with dew point of -40 °C was produced from ambient
air by the desiccant wheel. The high temperature dry air
was heated up to 70 °C by the pre-heater, and more, heated
up to 125 °C by the LiBr/H,0 absorption heat pump. Air
exhausted from the steam generator was recycled to use

heat source of the desiccant wheel.

3. Results

3.1 Cycle Operation using one steam generator
Cycle operation conditions of the steam generation

process and the regeneration process were confirmed
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Fig. 3 Steam generation process and regeneration process

Table 1 Operation conditions using one steam generator

Steam generator Steam generation process Regeneration process
Number of units {unit |Process time 810 sec |Process time 1,200 sec
Weight of zeolite pellet per unit 10 kg/unit [Inlet temperature of hot water 80°C |inlet temperature of high temperature dry air 125°C
Inlet dew point of high temperature dry air -50 °C
Flow rate of high temperature dry air 1,050 Nm®/(h- unit)
3¢S : Steam generation process, R : Regeneration process
300
P Standby i dstcycle 1 2ndcycle, | 3rdcycle . | 4theycle |  Stheycle |
o (Regeneration) o s " 'I‘S R ':‘s A = ﬂs R = R o
e N Bl T s o
260 | Ay J N
: A Ly T o i
: Hio : o : : :
200 — T v Ty o e o !
—_ T ‘ ! : : : : N : : :
e _ 1 : : : i :
o 150 ¢ ! H | i i3 I
= 1N i : i AN :
© e e 1 o
| " Praghaiy
2 100 (7 nrann el 7l
1 gt { o kel 4 I H Aencde
H H i i [
5 ! 1 T N I N I A : Pl
= : I S I : .
t L R UV i)
0 i} i o L i : i i L : N i L |
0 20 40 60 80 100 120 140 160 180 200 220 240

Operation time [min]

Fig. 4 Results of cycle operation using one steam generator
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experimentally using the bench-scaled equipment of one
steam generator. In these experiments, the amount of
zeolite packed in the steam generator was 10 kg/unit. The
experimental conditions are shown in Table 1.

The experimental results are shown in Fig.4. By the
experimental results at the steam generation process,
superheated steam whose temperature was 200 °C (T,) was
generated from the hot water at 80 °C (7}). The peak
temperature in the packed bed reached 260 °C (T}). The
mass of steam generated per unit mass of zeolite was 0.09
kg-steam/kg-zeolite/cycle. In addition, the results after the
second cycles depict good agreement in thermal response.
It was shown that the proposal operation methods are

effective for stable continuous steam generation.

3.2 Cycle Operation using three steam generators

Cycle operation condition for continuous steam

generation was confirmed wusing the bench-scaled

Header pipe

equipment of the three generator units. The amount of
zeolite packed per steam generator was 45 kg/unit. The
operation methods and the operation condition are shown
in Fig.5 and Table 2-3, respectively. Steam was generated
by turns in the three generators (unit A, B, C). For example,
when the unit A was on the stage of the steam generation
process, the unit B and C were at the regeneration process.
After the end of steam generation process at A, the unit B
was turned to the steam generation process, and then unit C
and A were at the regeneration process. Furthermore, after
the end of steam generation process at B, the unit C was
turned to the steam generation process. In these
experiments, each process time was determined by the
experimental results using one steam generator in which
the steam generation process time and the regeneration
process time were decided to be 1,500 sec and 3,000 sec,
respectively.

The experimental results are shown in Fig.6. By the
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Fig. 5 Operation methods and schematic diagram of equipment using three steam generators (Ist cycle)

Table 2 Operation methods using three steam generators (each unit)

Unit name 1st cycle 2nd cycle 3rd cycle 4th cycle
Steam . . Steam
Generator A generation Reaeneration | Regeneration generation
‘ Steam . v
' | y Steam .
Generator C | GLeareiq Regeneration generation Regeneratuon

Table 3 Operation conditions using three steam generators

Steam generator

Steam generation process

Regeneration process

3units [Process time

45 kglunit

Number of units

Weight of zeolite pellet per unit Inlet temperature of hot water

1,500 sec |Process time 3,000 sec
80°C |{Inlet temperature of high temperature dry air 128 °C
Inlet dew point of high temperature dry air -62°C

Flow rate of high temperature dry air 600 Nm3/(h- unit)
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experimental results, the generated steam whose
temperature was 130-170 °C and pressure was 0.24-0.94
MPa (150 °C and 0.48 MPa on the average) was obtained
continuously from the three generator units, and was

supplied to the header pipe.

4, Conclusion

A novel steam generation process using a direct heat
exchange system with adsorbent-water pair is proposed.
The bench-scaled adsorption type steam recovery system of
the steam generators was developed. Operation condition
of the steam generation process and the regeneration
process of this system were investigated using the
bench-scaled equipment of the steam generators. The
results supported the following conclusions.

1) The steam at 260 °C (peak) and 0.09 kg-steam

/kg-zeolite/cycle could be generated from the hot water

of 80 °C using the bench-scaled equipment of one
steam generator.

2) The steam at 170 °C (maximum) and 150 °C (average)
could be generated continuously using the bench-scaled

equipment of three steam generators.
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