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Abstract; Unclear puffing power has always been an important problem for instant pressure drop puffing process using
superheated vapor. And the condensation water produced by superheated vapor is absorbed by the food material before
puffing, which possibly makes bad effect on puffing ratio. A general mathematical model of puffing power was established.
Results indicated that puffing energy was produced by flash evaporation of superheated water from internal material and
instant release of superheated vapor. Besides, porosity of sample varied with different sample moisture contents and
condensation water generated in thermal transfer process before puffing. Thus, puffing ratio was related to the sample
moisture content, porosity and status of superheated vapor. Using Granny Smith apple slice as experimental objects, results
suggested that porosity of sample was significantly decreased with the increase of sample moisture content. At temperature of
430 ~470 K, pressure of 0.1 ~0.5 MPa and apple moisture content of 15% ~ 35% ,the established puffing power model
could effectively predict and evaluate the relationship between puffing condition and puffing ratio (R* >0. 89). High vapor
pressure had insignificant influence on condensation water, and distinctively elevated the energy of superheated water and
superheated vapor,which resulted in the biggest puffing ratio. High temperature of superheated vapor can only strengthen
superheated water energy, but significant increase of condensation water mass led to superheated vapor energy reduction, and
it had slight effects on puffing energy improvement and puffing effect. Moreover, high moisture content of sample significantly
increased superheated water energy, but condensation water reduced superheated vapor energy,, which generally showed great
effects on improvement of puffing power and puffing ratio. The research results illustrated the power mechanism of instant
pressure drop puffing process using superheated vapor, which would be helpful to further study on the control of puffing
ratio.
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0 Introduction

Superheated steam puffing is a technology that places
fruits, vegetables, or other materials that have been
dehydrated to a specific moisture content into a high-
pressure vessel. The vessel is filled with steam and
maintained for a certain time, after which the materials
are puffed by instant release of pressure to form a

=) Compared with conventional

porous structure
puffing, superheated steam has the advantages of
energy savings, freedom from pollution, and high

"' It has a wide range of

nutrient preservation"’
applications in processing food and vegetable chips and
in modification of dehydrated agricultural products.

Previous studies focused on the optimization of process
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parameters such as raw material moisture content,
steam temperature, pressure, and residence time.
However, the dynamic mechanism that produces
puffing is still unclear, resulting in uncertainty about
how to control it. In particular, large parameter
variations between experimental research and industrial
applications are the main reason for difficulties in
practical application of this process.

Before puffing, the superheated steam heats the
material, and hence the moisture inner material is at
high temperature and pressure. At the instant pressure
drop, flash evaporation of superheated water takes
place'”’ | often accompanied by instant energy release.

ABBASI et al. "® studied the explosion mechanism of

boiling liquid expanding to vapor and indicated that
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when superheated liquid in a container instantly drops
in pressure, rapid expansion of the boiling liquid to

vapor led to an explosion. The material moisture

content has a strong influence on water flash
evaporation®’ | which is important in promoting
puffing' "), SUI et al. """ performed an energy analysis

of a multi-stage steam explosion process, dividing it
into three stages: pressurizing, pressure-holding, and
decompression. The instant release of superheated
steam generated enormous energy. The pressure
difference in puffing has a significant impact on the

d"?") At this time, no

volume of material generate
research into the puffing dynamics of the superheated-
steam instant pressure drop has been reported.

This study takes sheet material as research objects,
with Granny Smith apples as experimental materials, to
study the power mechanism of the instant pressure drop
puffing process using superheated steam and to provide
a theoretical basis and practical guidance for
controlling the puffing ratio using the dynamics of the

puffing mechanism.

1 Materials and methods

1.1 Sample preparation

Fresh Granny Smith apples without physical damage
from a local supermarket were stored in a cold storage
room at (4 £1)°C and 90% ~95% relative humidity.
The average moisture content of Granny Smith apples
was 86.3% (wet base), and their sugar content was
10.6 ~11. 8° Brix. The apples were washed, peeled,
and cut into slices with specifications of 35 mm x
35 mm x 10 mm and immersed in a 0.02% ( mass
fraction ) sodium sulfite solution for 20 min, after
which the surface liquid was drained off'"’. The color-
protected Granny Smith apple slices were put in the
oven at (70 £1)%C to dehydrate to a certain moisture
content, then immediately trimmed into 20 mm x
20 mm x 5 mm slices. The slices were packed in

aluminum foil bags and cooled down to room

temperature (20°C ) over 2 h'''.
1.2 Sample heating and puffing

Fifteen dewatered Granny Smith apple slices were
placed into the puffing chamber, and a TT — K — 30 —
SLE — 1000 thermocouple was inserted into the middle
of a Granny Smith apple slice. When the puffing

chamber was closed, the vacuum pump was turned on

until the puffing chamber was evacuated to 100 Pa.
Superheated steam at a certain temperature and
pressure was piped into the puffing chamber; after
heating for a certain period of time, the relief valve was
immediately opened to puff the sample. The central
temperature of the sample was displayed by a digital
thermometer; pressure was detected by a pressure
sensor'
1.3 Instruments and equipment

DHG —9003A hot air oven, Jing Hong Experimental
Equipment Co. , Shanghai; DZF6050 vacuum oven,
Jing Hong Experimental Equipment Co., Shanghai;
BSA124S

Instrument Systems, Inc.; VP — 100 superheated

analytical  balance, Beijing Sartorius
steam extruder, self-made.
1.4 Indicators and measurements
1.4.1 Moisture content

Sample moisture content was determined by
thevacuum oven method. The samples were dried to
constant weight in a vacuum oven at 70°C, 133 Pa.
Moisture content was calculated from the difference in
weight before and after vacuum drying and expressed as
a mass percentage of the dried sample '™’
1.4.2 Puffing ratio

Puffing ratio is the relative change in sample
volume, specifically the ratio of the sample apparent
volume after and before puffing. The apparent volume

of the

displacement method""” ="

sample was determined by the liquid
1.4.3 Mass of condensation water

The masses of the 15 samples were determined by an
analytical balance, after which the samples were
heated in the puffing chamber until their core
temperature reached superheated steam temperature;
then they were taken for weighing. The difference
between the mass before and after sample heating was
the mass of condensation water.
1.4.4 Water mass of flash evaporation

Fifteen samples dehydrated to a specific moisture
content were heated in the puffing chamber until their
core temperature reached superheated-steam
temperature and pressure; then they were taken out
and weighed on an analytical balance to obtain the

Fifteen dehydrated

samples with the same moisture content were heated in

material mass before puffing.

the puffing chamber until their core temperature
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reached superheated-steam temperature and were
puffed ; then they were taken out and weighed to obtain
the material mass after puffing. The mass of flash
evaporation water was the mass difference before and
after puffing.
1.4.5 Pore volume

Pore volume is the difference between the apparent
volume and the solid volume of a sample. The apparent
volume was measured by the liquid displacement
method ; the solid volume was determined by the gas
conversion method'?'’.
1.5 Data processing

DPS 7.5 was used to analyze the significance of
between-group differences in condensation water mass
and puffing ratio. The degree of congruence between
predicted and measured values was represented by the
coefficient of determination R*, which was obtained

using Microsoft Excel 2003.

2 Establishment of puffing power general
model

Materials formed a  porous structure after
dehydration. When the sample was placed in a puffing
chamber and subjected to vacuum, the air was drawn
from the sample. During the process of sample heating
by superheated steam, a small amount of condensation
water was produced and absorbed by the material,
occupying a small amount of pore space, and other
pores were filled with superheated steam. When the
pressure relief valve was instantly opened, part of the
superheated water inside the sample was immediately
vaporized, and the superheated steam inside the pores
was released instantaneously, puffing up the sample.
Therefore, the total energy of material puffing includes
the work of flash evaporation of superheated water and
the work of instant release of superheated steam.
2.1 Puffing work

The moisture inside the material before puffing

included the

condensation water generated during superheated steam

water initially contained and the
heating, so that the water mass in the material before
puffing is:

m, =mw +M (1)
where m, is the water mass of 1 kg sample before
puffing, kg; m is the sample mass before puffing,

fixed at 1 kg; o is the moisture content of the sample

before puffing, % ; M is the mass of condensation
water generated by heating 1 kg sample before puffing,
kg.

In the puffing process, the pressure inside the
material is instantly reduced to 1 atm, and part of the
superheated water inside the material undergoes flash
energy. The work of
superheated water can be expressed as'?’

le[hl_hZ_(sl_Sz)Tszl (2)

where W, is the work of superheated water in puffing

evaporation,  releasing

1 kg material, J; h, is the enthalpy of water at pressure
condition before puffing, J/kg; h, is the enthalpy of
water at pressure condition after puffing, J/kg; s, is
the entropy of water at pressure condition before
puffing, J/ (kg « K); s, is the entropy of water at
pressure condition after puffing, J/ (kg - K) ; T, is the
boiling point of water at pressure condition after
puffing, K; m, is the mass water flash-evaporated by
puffing 1 kg material, kg.

According to previous tests, only a little water in the
material underwent flash evaporation. The flash rate A
indicates how much water is evaporated ;

M

A= (3)

m,
The work formula for flash evaporation of superheated
water can be obtained by combining Eqs. (1) ~ (3):
W,=[h, —hy,- (s, =s,)T, ] (mo+M)x (4)
There was an enthalpy difference in water before and
after puffing, which provided energy for {flash
evaporation of superheated water. According to the
energy conservation law >
hy —h, =Ar (5)
where r is the latent heat of vaporization of water at
pressure condition after puffing, J/kg.

A simplified formula for the work done by
superheated water can be obtained by combining
Eqgs. (4) and (5) .

h, —h,

r

W,=[h, —hy,= (s, =s,)T, ] (mw +M)

(6)

Puffing was accomplished instantly, and because the
process is extremely short, the work done by instant
release of superheated steam inside the material can be
considered as the work of an ideal gas adiabatic

[24]

process | namely,
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k-1

i)

where W, is the work done by superheated steam in
puffing 1 kg sample, J; p, is the absolute pressure
inside the sample before puffing, MPa; V, is the
overheated water volume inside 1 kg of sample before
puffing, m’; p, is the absolute pressure inside the
sample after puffing, MPa; k is the adiabatic index of
superheated steam.

filled with

steam before

Because the sample pores were
condensation water and superheated
puffing, it follows that;

Vio=Mp " +V, (8)
where V, is the pore volume of 1 kg sample before
puffing, m’, p, is the density of saturated water, kg/m’.

The expression for the work done by superheated

steam in puffing can be obtained by combining

Egs. (7) and (8) .

k-1

W, - p1<Vk Mp, >[1_ (7)T]

The total energy to puff 1 kg material is the sum of

(9)

the work of superheated water and superheated steam
inside the material ;

W=W,+W,=[h —h, = (s, =s,)T, ] (mew +M) -

k-1

hy=hy pi(V, -Mp") [1 _ (&) ] (10)
r k-1 P
where W is the work required to puff 1 kg sample, J.
2.2 Model of puffing ratio
According to previous tests, for sheet material, the
thickness increased greatly after puffing, where as the
length and width changed very little. This was because
the length and width of the sample were much larger
than the thickness; puffing resistance in the length and
much higher

width directions was than puffing

resistance in the thickness direction, so that
deformation was mainly in the thickness direction.
Pre-dehydrated sheet materials can be viewed as
composed of numerous planes. By expressing the
infinitesimal of thickness as dy and the infinitesimal of

work as dW_,

the expression for the infinitesimal of

work can be written as'®’ .

PrtPy
2

where a is the length of one side of the sample before

dw, =

a’dy (11)

puffing, m

The expression for the work needed to puff sheet
material under different internal and external pressures

can be obtained by integrating Eq. (11) :
s
PP ,
=2 | == 12
W, f Loy oy (12)

where & is the thickness of the sample before puffing,
m; & is the thickness of the puffed sample, m.
Eq. (12) can be simplified to;

W, =a*(8'-8) (p, +p,) (13)
The puffing ratio expression is then
vV _28'a’ &
S = — 14
VO 28a> 8 (14)

where S is the puffing ratio; V is the apparent volume
of the puffed sample, m’; V, is the apparent volume of
the sample before puffing, m
Combining Eqs. (13) and (14) yields:
W,
S:1+6a2(p. +p2) ()
Given 1 kg pre-dehydrated material containing N
samples, the total energy to puff 1 kg material can be
expressed as:
W=W+W,=NW, (16)
Combining Egs. (15) and (16),
expression for the sample becomes :
W, +W,

S=1+ "0 (17)
Néa® (pl +P2)

the puffing ratio

3 Results and analysis

This study took Granny Smith apple slices as the test
material, using a general mathematical model of
puffing power to determine the influence of superheated
steam temperature, pressure, and sample moisture
content on puffing power and puffing ratio.

Because of variations in the moisture content of pre-
dehydrated Granny Smith apple slices, the number of

samples N in 1 kg material varies (Tab.1).

Tab.1 Single weight and number of samples for 1 kg

pre-dehydrated sample with different moisture contents

/% m/kg N
15 8.741 x 1074 1144
20 9.359 x10~* 1069
25 1.022 x10 73 979
30 1.116 x10 73 896
35 1.192 x10 3 839

From Tab. 1, the single-sample weight increased at

higher moisture content, whereas the number of
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samples N in 1 kg material decreased. This was the
case because under the same sample volume, a rise
in moisture content led to greater weight, and
therefore the number of samples in 1 kg material
became less.

The pore volume of Granny Smith apple slices
measured at different moisture contents is shown in

Tab. 2; the greater the sample moisture content, the

smaller is the pore volume.

Tab.2 Pore volume of pre-dehydrated material

with different moisture contents

/% V,/m’
15 8.470 x10~*
20 6.712 x10*
25 5.072 x10 4
30 3.793 x10°*
35 2.423 x10 4

3.1 Effect of superheated steam temperature on
the work of puffing and the puffing ratio
Samples with 25% moisture content were puffed at a
pressure of 0.3 MPa  with
temperatures of 430 K, 440 K, 450 K, 460 K, and

470 K. The condensation water mass M generated by

superheated  steam

heating pre-dehydrated samples with superheated steam
was determined. Referring to the enthalpy and entropy
of saturated water under different superheated steam
pressures ( Spirax Sarco Engineering Co. , Ltd. ), the
work of superheated water W,, work of superheated
steam W,, and total work of puffing under different
temperature conditions was calculated by Eqs. (7) ~
(10). Then the puffing ratio could be calculated by
w W, into Eq.(17). Related

P and
calculations and measured values are shown in Tab. 3.

substituting

Tab.3 Relationships of superheated vapor temperatures, condensed water quantity and puffing power
(py =0.3 MPa,w =25%)

7/K M/kg W,/ W,/J W/ S, S,

430 0.095 6 0. 001 6* 138.8 91.6 230. 4 1.588 1.568 £0.016°
440 0. 1019 £0. 001 9" 141.3 90. 1 231.4 1.591 1.581 £0. 012"
450 0.1082 £0. 001 5¢ 143.8 88.7 232.5 1.594 1.593 0. 008
460 0.114 4 £0.001 2° 146. 3 87.2 233.5 1.597 1.594 0. 007
470 0.1205 0. 000 8* 148.8 85.8 234.6 1.599 1.598 £0.010°

Note: T is the temperature of superheated steam; different superscript capital letters in the same list indicate significant differences at the 99%

confidence level, different superscript lowercase letters in the same list indicate significant differences at the 95% confidence level , as also in the following

tables. The coefficient of determination R* between the measured value S, and the predicted value S, of the puffing ratio was 0. 898 1.

As shown in Tab. 3, the coefficient of determination
R? was greater than 0. 89, indicating that the predicted
values were highly consistent with the measured
values. As the superheated steam temperature T rose
from 430 K to 470 K, the puffing ratio S, increased
from 1.568 to 1.598. Although the variation in the
condensation water mass M generated at different
by highly

significant, the variation in puffing ratio was not

temperatures superheated steam was
significant. As shown by Eq. (17), the puffing ratio
varies in proportion to the work both of superheated
water and of superheated steam. At a constant material
moisture content and a constant superheated steam
pressure, the higher the temperature of superheated
steam, the greater will be the work performed by
superheated water, W, (Tab. 3). This relation exists
because the higher the temperature of hot water, the

greater is its internal energy, and the greater is its

capacity for instant flash evaporation of water in

higher

amount

However, at superheated steam

the

superheated steam inside the material, W,, decreased

puffing.
temperature , of work performed by
to some extent rather than increased. Because the
condensation water mass M generated by the higher-
temperature superheated steam became greater, the
absorbed by
decreasing the pore volume inside the material and the

of could be

accommodated. The work performed by superheated

condensed water was the material,

amount superheated steam that
water occupied a dominant position, and hence the
puffing ratio generally increased with superheated
steam temperature.
3.2 Effect of superheated steam pressure on work
and puffing ratio

Samples with 25% moisture content were puffed at a
heating temperature of 450 K and superheated steam
pressures of 0. 1 MPa, 0.2 MPa, 0.3 MPa, 0.4 MPa,
and 0.5 MPa.

The condensation water mass was
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determined, and the work of puffing under different

superheated steam pressure conditions was calculated

by Egs. (7) ~ (10). Then predicted puffing ratio

could be calculated by substituting W, and W, into
Eq. (17). The corresponding theoretical and measured

values are shown in Tab. 4.

Tab.4 Relationships of superheated vapor pressures, condensed water quantity and puffing power (7 =450 K,w =25%)

p,/MPa M/kg W,/) W,/ ] S, s,
0.1 0.105 8 +0. 001 5° 0 0 0 1.000 1.001 +0. 106°
0.2 0. 107 2 +0. 000 9° 39.2 32.8 72.0 1.245 1.169 +0. 062¢
0.3 0. 108 2 +0. 000 8 143. 8 88.7 232.5 1.594 1.440 =0. 130°
0.4 0.109 1 0. 000 7% 311.2 144. 1 455.3 1.931 1.755 0. 192"
0.5 0.109 9 £0. 000 7° 517.2 203.5 720.7 2.227 2.195 +0. 240°

Note: The coefficient of determination R? between the measured value S,, and the predicted value S, of the puffing ratio was 0. 943 8.

Tab.4 shows predicted values that are highly
consistent with measured values. As the superheated
steam pressure p, was increased from 0.1 MPa to
0.5 MPa and the puffing ratio S,, increased from 1. 001
to 2. 195, the impact of superheated steam pressure on
puffing ratio became significant. In the low-pressure
range (0.1 ~ 0.2 MPa) of superheated steam, the
effect of increasing pressure on the condensation
water mass M became significant. Further pressure
increases did not significantly affect the condensation
water mass. As superheated steam pressure
increased, both the work of superheated water W,
and the work of superheated steam W, inside the
sample increased, so that the puffing power W was

significantly increased. On the other hand, when the

superheated steam pressure was constant, the work
performed by superheated water was much greater
than that performed by superheated steam,
indicating that the work of superheated water was
dominant in puffing.
3.3 Influence of moisture content on work and
puffing ratio
The samples were puffed at a heating temperature of
450 K and a superheated steam pressure of 0.3 MPa.
The sample moisture contents were 15% , 20% , 25% ,
30% , and 35% . The problem was to determine the
condensation water mass M during heating, to calculate
the work of puffing and the predicted puffing ratio, and
finally measured puffing ratio. The results are shown in

Tab. 5.

Tab.5 Relationships of condensed water quantity produced with different sample moisture contents and puffing power
(7=450 K,p, =0.3 MPa)

/% M/kg W,/ w/J S, S,
15 0.083 8 £0. 001 8" 93.9 264.3 1.577 1. 461 +0. 059"
20 0.0962 0. 001 0" 118.9 247.0 1.578 1.549 +0. 042°
25 0.1082 £0. 001 2¢ 143.8 232.5 1.594 1. 588 +0. 033"
30 0.119 6 +0.000 8" 168. 5 225.9 1.630 1.608 +0. 013
35 0. 1320 +0. 000 4* 193.5 217.4 1. 648 1. 646 +0. 008"

Note; The coefficient of determination R> between the measured values S, and the predicted values S, of the puffing ratio was 0. 924 6.

Tab.5 shows that the determination coefficient
between measured and predicted values of the
relationship between puffing ratio and moisture content
was 0. 924 6. When the sample moisture content w was
15% , the puffing ratio S, was 1.461; when the
sample moisture content @ was 35% , the puffing ratio
S,, increased to 1. 646. For moisture contents of 15%
and 20% , the impact of moisture on puffing ratio was
significant, but the impact of further moisture increases

on puffing ratio was not significant. As the moisture

content of the sample to be puffed increased, the pore
volume V, was significantly reduced (Tab.2), and the
condensation water mass was significantly increased.
The increase in sample moisture content significantly
increased the condensation water mass M (Tab.5), so
that the superheated steam capacity of the sample was
reduced, and the work done by superheated steam W,
was also significantly decreased. Although the work
done by superheated water increased at higher sample

moisture content, but the work of puffing W decreased.
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On the other hand, as the sample moisture content
increased, the number of samples N in 1 kg pre-
dehydrated material decreased (Tab. 1), and therefore
the puffing ratio, which depended on the work of
puffing, also increased.

Our earlier studies on the technology for puffing
fruits and vegetables by superheated steam'* >’ showed
that after the puffing ratio was increased to a certain
point, it would gradually decline because condensation
water generated during thermal transfer between the
steam and the device was absorbed by the material. To
address this problem, this study improved the
experimental setup by adding a water guide apparatus
effects of absorption of

to avoid the adverse

condensation water by the material"®’.
4 Conclusions

(1) The energy to puff sheet materials came mainly
from the work of flash evaporation of superheated water
and instant release of superheated steam inside the
material. Establishment of a general mathematical
model of the relationship between puffing ratio and
puffing power when puffing sheet material indicated
that the puffing ratio was related to material moisture
content, porosity, pressure difference before and after
puffing, and the thermal properties of water.

(2) Using Granny Smith apple slices as experimental
objects, the relationship between puffing work and
puffing ratio was investigated. At temperatures of
430 ~470 K, pressures of 0.1 ~ 0.5 MPa, and
~ 35% , the

established general dynamic puffing model for sheet

material moisture contents of 15%

materials could effectively predict and evaluate the
relationship between puffing conditions and the puffing
ratio.

(3) The condensation water during heating by
superheated steam had a significant impact on puffing
power and puffing ratio. Increased superheated steam
pressure had little effect on condensation water mass,
but the amounts of work performed by both superheated
steam were increased,

water and  superheated

significantly enhancing puffing capacity. Increasing
superheated steam temperature not only increased the
work done by superheated water, but also significantly
increased the amount of condensation water and

decreased the work done by superheated steam,

meaning that the increased puffing effect was

counteracted. The increase in material moisture content
was good for increasing the work done by superheated
water, but significantly increasing the amount of
condensation water decreased the work done by
superheated steam. Overall, the effect was an obvious

increase in puffing ratio.
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Dynamic Study on Instant Pressure Drop Puffing of Granny
Smith Apple Slices Using Superheated Vapor

An Fengping Guo Rui Song Hongbo Huang Qun Teng Hui Li Tao
(College of Food Science, Fujian Agriculture and Forestry University, Fuzhou 350002, China)

Abstract; Unclear puffing power has always been an important problem for instant pressure drop puffing
process using superheated vapor. And the condensation water produced by superheated vapor is absorbed
by the food material before puffing, which possibly makes bad effect on puffing ratio. A general
mathematical model of puffing power was established. Results indicated that puffing energy was produced
by flash evaporation of superheated water from internal material and instant release of superheated vapor.
Besides, porosity of sample varied with different sample moisture contents and condensation water
generated in thermal transfer process before puffing. Thus, puffing ratio was related to the sample moisture
content , porosity and status of superheated vapor. Using Granny Smith green apple slice as experimental
objects, results suggested that porosity of sample was significantly decreased with the increase of sample
moisture content. At temperature of 430 ~470 K, pressure of 0. 1 ~0.5 MPa and apple moisture content of
15% ~35% ,the established puffing power model could effectively predict and evaluate the relationship
between puffing condition and puffing ratio (R*> >0.89). High vapor pressure had insignificant influence
on condensation water,and distinctively elevated the energy of superheated water and superheated vapor,
which resulted in the biggest puffing ratio. High temperature of superheated vapor can only strengthen

superheated water energy, but significant increase of condensation water mass led to superheated vapor
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energy reduction,and it had slight effects on puffing energy improvement and puffing effect. Moreover,

high moisture content of sample significantly increased superheated water energy, but condensation

water reduced superheated vapor energy,which generally showed great effects on improvement of puffing

power and puffing ratio. The research results illustrated the power mechanism of instant pressure drop

puffing process using superheated vapor,which would be helpful to further study on the control of puffing

ratio.

Key words: Granny Smith apple slices; superheated vapor; instant pressure drop; puffing; model
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Tab.1 Single weight and number for 1 kg of pre-

dehydrated sample with different moisture contents

w/ % m/kg N
15 8.741 x10~* 1 144
20 9.359 x10 * 1069
25 1.022 x10 73 979
30 1.116 x 10 ~* 896
35 1.192 x10°? 839

I 1 AL AL, B AE il J R B 5 KR A R
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Tab.2 Pore volume of pre-dehydrated material

with different moisture contents

w/% V,/m?
15 8.470 x 10 ™*
20 6.712 x10 *
25 5.072 x 10 °*
30 3.793 x 10 ~*
35 2.423 x10°*
3.1 IREKRBEXNMIIAEAENT I

VL 778 0.3 MPa, i B 43 5l o 430,440,450 |
460,470 K 1153 $A 28 IRMEAL 5 K R 25% YR o
0 5 0 K i 228 0 PR VIR A R BE K R
M5 75 B A [ 3t A 25 90T T 0L A K RS A 0 (i
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THEE AT AN [] i 0 A8 03 B2 45 1 1 i #ok o 0
W, i VR W, L B PO R 2 f W
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A THSRAE R SR AN 35 3 s o

3 URBREESELEKRERBUNXE (p, =0.3 MPa,0 =25%)

Tab.3 Relationships of superheated vapor temperatures, condensed water quantity and puffing power
T/K M/kg W,/] W,/] w/J s, S,
430 0.095 6 £0. 001 6" 138.8 91.6 230. 4 1.588 1.568 +0.016°
440 0.1019 +0.001 9" 141.3 90. 1 231.4 1.591 1.581 +0.012"
450 0.108 2 £0.001 5¢ 143.8 88.7 232.5 1.594 1.593 £0. 008
460 0.114 4 £0.001 2° 146.3 87.2 233.5 1.597 1.594 +0. 007
470 0.120 5 +0. 000 8* 148. 8 85.8 234.6 1.599 1.598 £0.010°

T T 7R 1 AR VRRLBE s AR R SR 7] 19 K5 52 B AR R G AE 99% B 15 /K it 3 RG], AH 7 50 AR 9 /N5 5 B b AR B0 B 7E 95% B A%
KV BEARE, TR BACTESTI S, 5 B S, e sE R B RN 0.898 1,
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Tab.4 Relationships of superheated vapor pressures, condensed water quantity and puffing power
p,/MPa M/kg W,/ W,/ W/J S, S,
0.1 0.1058 +0.001 5¢ 0 0 0 1. 000 1.001 0. 106°
0.2 0.107 2 £0.000 9 39.2 32.8 72.0 1. 245 1.169 0. 062
0.3 0.108 2 +0. 000 8" 143.8 88.7 232.5 1.594 1.440 +£0. 130°
0.4 0.109 1 £0. 000 7* 311.2 144.1 455.3 1.931 1.755 +0. 192"
0.5 0.1099 +0.000 7 517.2 203.5 720.7 2.227 2.195 +0.240°
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Tab.5 Relationships of condensed water quantity produced with different sample moisture contents and puffing power

/% M/kg W,/ W,/] W/J S, S,
15 0.083 8 0. 001 8¢ 93.9 170. 4 264. 3 1.577 1.461 +0. 059"
20 0.096 2 +0.001 0" 118.9 128.1 247.0 1.578 1.549 £0. 042°
25 0.108 2 0. 001 2¢ 143.8 88.7 232.5 1.594 1.588 £0. 033"
30 0.119 6 0. 000 8" 168. 5 57.4 225.9 1.630 1.608 £0.013*
35 0.1320 +0. 000 4* 193.5 23.9 217.4 1.648 1.646 +0. 008"
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