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Abstract—High humidity is significant solicitude in the equatorial
area of the earth. The result is continuously increasing the haul of
air in the dehumidification. The crucial worry of dehumidification
system, layout is the energy utilization. Mostly the energy exhausted
for the dehumidification is needed for the removal of availability
from the air steam. The framework of desiccant, the
dehumidification has received more concern in the last years
because the substitute of the common dehumidification unit. The
amount of humid air can be dehumidified excluding the
accumulation through utilizing the desiccant dehumidification
because there is a immediate relation between moist air and the
desiccant dry.

Resurgence of many saturated desiccant (based on wet) like the
silica gel, operated alumina, operated charcoal and novel
combination desiccant utilizing the solar concentrator of scheffler
(SSC) has been suggested. Novelty performance gets more contrived
by utilizing the solar radiation. Desiccant’s surface temperature, the
wind speed, and inceptive moisture availability for the Novelty of
each desiccants SSC having an aperture area of 1.53m? that is
designed & fabricated throughout the examination it has been
established that a silica gel has greatest moisture availability (On the
basis of dry) i.e. 0.2945 kg of water/Kg of dry desiccant followed by
molecular strain, novel combined, operated alumina and operated
charcoal having moisture availability of 0.2235, 0.18, 0.0672, and
0.057 kg of water / kg of dry desiccant respectively, the greatest rate
of resurgence is 0.074 kg/hr performed in novel combine and high
weight drop of about 22.70 % is gained in a silica gel. The time taken
to regenerate operated alumina, silica gel, molecular strain,
operated charcoal & novel desiccant composite are 90,160,140,120,
& 110 minutes respectively.

Classical modeling for moisture ratio of novel composite
desiccant by utilizing solar concentrator of the scheffler has also
been expected. The drying curve achieved from practical data which
is fitted to 12 of drying models for explanation of the behavior of
novel desiccant composite. A best model is described by the “Midilli
and kucuk” in related with the coefficient of the correlation (R) of
0.9940, & the root average square of error analysis (RSME) of
0.03120.

1. Introduction

Be in control of the humidity is an important of removing
the availability from air for the use in manufacturing of or
another non-standard methods as well conditioning the air.
The content of moisture available in the air has an impact
of building materials, comfort of the building inhabitants,
as well as the work carried out in a facility, so as to control
through, it is required. An air dehumidification is crucial

view point for increasing durability of the objects because
the dry air improves the methods, conditions of
components in corresponding industries as well as in daily
life for the example of sustenance generation, chemicals
production of industry and pharmaceutical generation etc.
An air dehumidification process is also utilized for
Merchandise keep of the organic plant, the hygroscopic
storage of basic materials, and also for packaging of the
tool room. High humidity is native concern of equatorial
area of the earth. It induces significantly enhancing in the
charge of the air dehumidification. The crucial worry by
the dehumidification substructure specification for energy
use, mostly energy discharge for the dehumidification is
needed for a rejection of availability from air because of
the gathering availability remove the air is an adaptation
state of the wvapor. These are several ways of
dehumidification utilization. The approach continuously
for this is reliant on specific temperature as well as
humidity conditions needed for the space and atmospheric
conditions at this place. System utilized at the path of
specific application has collected in light of their
sufficiency and proficiency in achieving the Crave state.
Simple for dehumidification integrate the use of
compression cooling and the desiccants [1]. The
dehumidification system of desiccant has achieved great
consideration in preceding year as the substitute of
common dehumidification structure. The humid air could
be dehumidified in absence of water building build up by
utilizing desiccant dehumidification; there is recent
relation between the dry desiccant & moist air. The
retrieve of desiccant can be feasible by utilizing the poor
property retrieve heat source. Frequent Specialist has
ventured to lower the retrieve temperature for executing
the more efficiency chilling origin and by utilizing high
efficiency of renewable the heating Origins. Sun heating is
as example [2].

In dehumidification of desiccant set-up the wet air flow is
allowed to follow by the material of desiccant, and
subsequently dry air pull out from the material of
desiccant. Continuing this method while ability of the

www.jmest.org

JMESTN42353824

14270


http://www.jmest.org/

Journal of Multidisciplinary Engineering Science and Technology (JMEST)

ISSN: 2458-9403
Vol. 8 Issue 7, July - 2021

material of desiccant is to absorb moisture availability
decreases and to maintain the framework persistently, the
absorbed H,O vapor should be removed. Though it is
completed through heating material of desiccant to its
temperature of resurgence, which is depending on type of
the used material of desiccant. It is feasible replicate
material of desiccant by a bad quality of heat origin like as
natural gas and waste heat.

Creativity behind the work is for offer a safe option of
little cost and long lasting solar based renewal material of
desiccant for utilize in air dehumidification of crop drying
uses when retaining up greater state of result and the
properties.

It will enable solar powered of resurgence of the desiccant
dehumidifiers solid to become a viable minimum cost
option of food transportation utilizes in the tropical and
subtropical areas. The desiccant is regenerated from
utilizing the physical heat provided by the solar
concentrator of scheffler. Novel desiccant may have a
significant impact on decreasing the time required. Crop
deprivation due to mycotoxin contamination from the
improved drying, these techniques are currently being used
in the regions of tropical and subtropical.

1.2 Dissertation outline

The following chapters award the work done in this
dissertation. The first chapter introduces the importance of
humidity control as well as the desiccant dehumidification
setup. At the conclusion of the chapter outline additional a
dissertation has been provided.

The second chapter provided a specific review of literature
on the composite desiccant resurgence and solar
concentrator of scheffler. Finally the chapter discusses the
research gaps identified in the literature review, as well as
the dissertation works objectives.

Chapter 3 goes over the complete mathematical
calculations and design of a solar concentrator of scheffler
which includes the design of frame of collector, crossbars
and the depth of the ellipses of crossbars. This chapter also
includes the construction of solar concentrator of scheffler
as well as the cost estimation.

The fourth chapter compares the experimental
performance of many solid and composite desiccants for
the resurgence by using the solar concentrator of scheffler.
The experimental setup installed at my residence
Gorakhpur Uttar Pradesh (26°.78" north’s and 83°.35' East)
is explain in detail as are the results. The measurement
devices and the measuring instruments, as well as the
experimental uncertainty have been described in this
section. For all five cases, the experiment was carried out

in March. This chapter also summarises the results and
discussion for the different desiccants.

The mathematical analysis of drying curve of a composite
desiccant is covered in chapter 5.12 drying models were
fitted against the experimental data utilizing MATLAB as
a statistical research tool in a pattern to determine the
selected descriptive drying model for the desiccant
composite. In chapter 6 of thesis, the conclusion and the
recommendation are presented.

1.3 Conclusions

This chapter provides an overview of the need for
humidity control and how the availability of moisture in
air affects the building material, working environment and
industries also. In last of this chapter an outline of the
entire dissertation is also available.

2. Literature review
2.1 Introduction

The study described in the literature on resurgence of the
desiccant material utilizing solar energy, the construction
of composite desiccant to lower resurgence temperature
and enhances the desiccant’s moisture adsorption capacity.
The solar concentrator of scheffler is a new member of the
concentrating collector family presented.

The word mentioned in the literature is classified into three
types

e Desiccant material resurgence
e Desiccant composite

e Solar concentrator of scheffler.

2.2 Resurgence of material of desiccant

Dupont et al. (1994) evaluated the enhancement of the
silica gel, operated alumina and discovered as the silica gel
could interchange 8.5 % more water on daily basis than the
operated alumina. Next, it was shown the resurgence
temperature of little more compared to above 78°C was
enough to get such results [3].

The investigation of Singh and Singh in 1998, examined
that the impact of recovery air temperature, bed-air
velocity and number of racks on silica gel recovery in the
multi shelf dehumidifier.

The range of recuperation air temperature was discovered
to be 40-73°C. The air velocity in the bed varied. The
velocity ranged from the 0.170m/s to 0.50m/s while the
serial of racks ranges from 2.0 to 4.0.
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Recuperation temperature of air and speed of bed-air for
minimum energy details were 50°C and 0.170m/s
respectively (number of racks is independent), with the
healing time was shortened. Increase in rest period for
each assessment of the serial of racks, the reduction in
recuperation period was still inestimable [4].

In 1999 Tachajunta et al. investigated that resurgence of
the silica gel through composite desiccant/gatherer
utilizing electric operated light bulb to mimic an artificial
solar radiation as the findings by help of the different
integrated insulation levels & the discharge rate
demonstrated as this was achievable. Sun heated air to
renew silica gel in the humid tropical areas [5].

In 2001 chindaruksa et al. Built silica beds to extract an
accurate estimate of the humidity of incoming air based on
humidity material and the bed immersion. The bed covered
inactively as a result of the silica induced air Channel. The
bed recovered inactively as a result of induced air flow
through the bed of silica gel, acting a chimney of solar.
During the summer, the test for the both extreme
adsorption as well as best recovery was carried out under
real world settings. For the dynamic adsorption procedure
the silica gel bed with a thickness of the 0.03 m & the
wind stream of 0.02 kg/s is recommended. The silica gel
recuperation utilizing a chimney of solar was about 0.041-
0.062 kg/hr [6].

In 2007, Pramuang and Excell investigated the silica gel
resurgence for use in an AC structure which has heated
through a compound parabolic solar concentrator for Air
heating with receiver and opening area of 0.45 and 1.40 m?
respectively. The process of resurgence began at a
temperature about 42°C. The collector of CPC gives
temperature of up to 78°C and it may be utilized to
recuperation of silica gel in two hours of a midday sun [7].

In 2015, Kumar et al. studied the resurgence of several
desiccant materials as the operated alumina, the silica gel,
and the operated charcoal in conjunction with a collector
of parabolic shape. They came to the conclusion that the
recuperation rate for silica was low when it is compared to
operated Charcoal and operated alumina, gel was superior

[8].

In 2012 Bajpai and Yadav investigated the resurgence rate
of several solid desiccants. Operated charcoal, silica gel
and operated alumina are examples of materials that can be
used with evacuated tube of solar panels. The collector of
an air in this study, air needed for retrieval heat is
removed. Solar air collector tube with a surface area of
4.45m* is used. The desiccant was recovered at
temperature ranging from 54.5°C to 68°C. Silica gel out
performed operated alumina and operated carbon charcoal
at more and the less flow esteems of retrieval and
adsorption [9].

2.3 Desiccant composite

In 2000 Thoruwa and others Sought to develop sun
powered recuperative clay CaCl, basis strong desiccant
materials with minimum three efforts. The moisture
adsorption and resurgence properties led to the conclusion
that their employment in the sun based harvest drying was
appropriate. Because of low regain temperature 100°C, air
dehumidification is quite beneficial. These experiments
have shown that the produced desiccants may be a viable
alternative to utilize in crops drying and applications of air
dehumidification in tropical countries [10].

In 1996, horuwa and others created a solar dryer based on
desiccant for corn drying. The chamber was combined
with the flat plate collector, and the corn was put over the
material of desiccant. The desiccant utilized was made on
site from CaCl, and clay of bentonite, of costly
conventional desiccants. Adsorption capacity of the
desiccant is 44%. It is suitable for recuperation at 46°C.
Field testing and research facilities were utilized for
determining of drying potential and give results that the
prototype dryer has capacity of drying 80kg of fresh corn
was reduced from 40 % to 16% in 24 hours [11].

Zhang and others (2005) initiated the group of silica gel -
CaCl, composite adsorbents for the desiccant rotational
wheel in the dehumidification structure. This practical
study demonstrates that vapour adsorption qualities of the
composite using CaCl, as infuge salt can be modified by
the varying portion of salt interior the pores. The
resurgence can be executed at moderately minimum
temperature in the locality of 71°C and 118°C that
enhances radically using the hot origin with a minimum
temperature level, as to geothermal the waste heat and
vitality based on sunlight [12].

Zhang and others in 2006 registered the silica gel (SG)
desiccant balance and composite desiccant (SG-CaCl,) for
rotary wheel desiccant balance in order to balance their
capacities to remove availability from wet air. Test details
explain that the SG-CaCl, material can achieve the
polyphony inside a short time and its hygroscopic level is
greatly higher than the silica gel. It shows a great
increment in humidity removal contrasted and the wheel of
silica gel [13].

Tretiak and Abdallah improved and tested a desiccant
consisting of the clay and CaCl, using several sorption,
desorption cycles. Between sorption entry temperature
ranges from 24°C to 38°C with contrast relative humidity
in the range of 40%- 68% and air velocity from 0.18 to
0.80 m/s were tested usually. During desorption the
channel air temperature ranges from 51°C to 58°C and air
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velocity of around 0.31m/s and 0.68m/s were examined.
Reverting state was resolved to mass of water sorbed
through the clay of CaCl, desiccant and with a coefficient
of the correlation of 0.91. Desiccant was established to
perform well in the change test cycles [14].

Chan and others in 2012, synthesized solid desiccant
zeolite and the CaCl, were investigated utilization in
sunlight basis adsorption cooling structures a 0.45 g/g
contrast in balance water follow in the locality of 20°C and
70°C at 880 Pascal was set down for the composite
adsorbent. This was 400% of the zeolite under same
conditions.

Mathematical simulation forecasts that an adsorption
framework of cooling utilizing the solid composite
adsorbent can be issued by a minimum grade thermal
energy origin using the temperature range of 70°C -100°C
[15].

Kumar and Yadav in 2015, practically investigated that a
novel composite substance for the storage and creation of
water from the climate air. The composite material has
been blended by precipitation of CaCl, in the pores of the
saw wood. It is established that water creation rate depends
on the convergence of calcium chloride in saw wood.

More amount of water creation through the composite
material having 61% concentration of 170 ml/kg/day [16].

Kumar and Yadav in 2016 practically investigated the
heating performance of the solar based composite
desiccant system of cooling. It consists of clear tube of sun
powered water thermal solid composite desiccant bed of
heat exchanger (CDBHE), the evaporative cooling unit and
cooling tower composite desiccant is setup through jute
and CaCl,.

The high hot water’s temperature adapted by a structure is
64.8°C which is enough to recover the material of
composite desiccant. It has been established that the
normal dehumidification enhances by 54.2% when using
the cooling water. The coefficient of performance of
desiccant cooling structure has been estimated to be 0.48
with the cooling level of 353.9w [17].

2.4 Solar concentrator of scheffler

In 2006 Scheffler found that around 51% of Sun energy
can be used for cooking and established some ideas for the
complex design of reflector of scheffler [18].

In 2010, Munir and others attributed the design principle
and fabrication of 9m? surface area of scheffler reflector.
The numerical computations to implement reflector
parabolic curve and the elliptical reflector positioning
regards Equinox through selecting a particular lateral
section of paraboloid are recorded. The system is design

flexible simplistic and does not need any specific
computational system thus allowing a huge inherent of
uses in domestic and industrial contours [19].

In 2012, Vishal and others developed, designed and
analyzed the enhancement of scheffler reflectors 18m? for
3 bar pressure as 120 degree celsius temperature
practically. The setup was deliberated for the hostel of 600
students in Shivaji University that utilizing scheffler
technology as low pressure & the temperature steam as
well as water heating motive [20].

2.5 The research gaps

Few of researchers constructed composite desiccant
through composition of CaCl, by zeolites, silica gel and
clay. Some of them also work on composite desiccant
through CaCl, & jute and saw wood. Composite desiccant
is constructed from a combination of CaCl, and brick
granules. Few researchers concentrated for the utilize hot
air discharged from fans & blowers which uses the
maximum grade energy for resurgence of integrated
material of desiccant with evacuated tube of solar air
collector, flat plate collector, and the vacuum tube
collector of the heat pipe.

Some researchers completed work on resurgence of
material the desiccant, utilizing dish of parabola.
Resurgence of several state saturated desiccant on the basis
of wet such as operated alumina, the silica gel, the
molecular sieve, operated charcoal and the novel
composite desiccant are transferred to observe the
moisture availability by using high generated temperature
of secure focus solar concentrator of scheffler at its focal.

2.6 Objectives of the recent work

The overall goal of research is to create a solar powered
resurgence system of desiccant. The particular objectives
include-

1. To design and create the necessary size of solar
concentrator of scheffler for resurgence of the different
saturated desiccant.

2. To create a low cost, long lasting, Powered by solar
regenerating material of desiccant for the use in
dehumidification of air.

3. To compare experimentally the moisture adsorption
capacity of several composite and solid desiccant.
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4. To create a mathematical analysis of solar drying for
the novel composite desiccant.

2.7 Adopted methodology
In the recent work, the adopted methodology is as follows:

1. A thorough review of the literature has been conducted
and the research results have  been identified.

2. A number of design and operational parameters have
been discovered.

3. The solar concentrator of scheffler is fabricated and
designed.

4. A new composite desiccant has been developed.

5. After that, the concentrated is utilized for renew the
diverse solid and innovative desiccant composite.

6. Furthermore, composite desiccant drying curve is
modeled mathematically.

2.8 Conclusion

An extensive literature review was conducted and research
results were discovered in this chapter.

3. The designing parameter and mathematical
calculation of the solar concentrator of Scheffler

3.1 Introduction

The full mathematical calculations and design of collector
frame, crossbars, depth of crossbar of ellipse including
design of Scheffler’s solar collector have been described in
this chapter. This chapter also includes total cost
estimation and manufacturing of solar concentrator of
scheffer. The design approach adhered to strict design
standards and thoroughly examined the relationship
between the major systems of the reflector sheets, base,
structure and also height from the ground as they were
created in tandem. Figure 3.1 depicts a scheffler focus
concentrator as the lateral portion of the paraboloid.
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3.1: Section of the scheffler solar concentrator in a
paraboloid.

3.2 Frame of Concentrator

All calculations are made while designing the parabolic
curve of the solar concentrator of scheffler made with
calculation reference to the equinox. Parabolic curve, all
the calculations are made as considering side view of
paraboloid with this way, the paraboloid and the
concentrator structure are drawn in the shape a parabola
curve and also straight line. We could write the normal
parabola equations by its axis crossing through the y-axis
and the vertex at the source in the following way:

X2 = 4fy (3.1)

Where; f is parabola focal length.
The Equation of line of parabola for slicing plane is,

y=mx + ¢, (3.2)

In
which; m = slope of line (tan ) and C, =y intercept of the
line, B = inclination of the slicing plane in sequence to
approximately built equilibrium reflector at two points A
and B such as AC=BC and reason to select these points are
to construct stable parabola in sequence to rotate the
reflector by a simple force. Point C is point on the
parabola where the falling radiation and the reflected ray
produces 90° angle by each other and the coordinates are

(2f,f).

By this way, line of joining these two points A & B of
parabola curve shows the cutting part of elliptical structure
of the solar concentrator of scheffler.

Coordinates of points A & B could be calculated by
resolving equation (3.1) and (3.2) as follows:
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Xpp=2rm+2((fm) % + fcy) 1/2 (3.3)
Yap=25m +2((fm) 24 fe) V4 (3.4)

Semi major axis (b) of ellipse semi minor axis (a) of the
ellipse established by intersection of parabola and also
slicing plane could now be deliberated by:

a=0.50x, —xp) (3.5)
b= 0.5[(xs — x,) + (ya —yb) */? (3.6)

All of the expressions are computed and organized in such
a way that a solar concentrator of scheffler may be
constructed if focus of parabola and area of collector are
known.

Table 3.1 shows the results of the current calculations of a
collector area of 1.53 m? and focus of about 0.571 m.
Figure 3.2 depicts the entire details of crosshars on the
parabola curve and also scheffler.

| Projection of scheffler
frame (aperture area

] Projection of

center crossbar

Figure 3.2: Illlustration of scheffler and crossbars on
parabolic curve.

Table 3.1: Scheffler solar concentrator designing
parameter.

Term Specification Following Dimensions
Parabola’s local length (f) 0.581 m.
Slicing plane’s slope (m) 0.942m

Slicing place’s intercept 0.351m
_____(CJ)
Slicing plane in angle (8) 43.10°
Slope
Semi major axis (b) 0.918 m.
Semi minor axis (a) 0.693m.

3.3. The Crossbars

The correct arrangement of crosshars of frame of reflector
is required to the construction of solar concentrator of
scheffler. The elliptical form of the solar concentrator of
scheffler, frame may be simply determined by utilizing the
equation of ellipse, as follows:

b= az = 3.7

In which (a) represents the semi-minor axis and (b) is
semi-major axis of the ellipse. For locating any point “Yn”
regarding to “Xn” on the frame of ellipse, mentioned
equation is again modified as:

Yn? = (cosp)(b? — x2n) (3.8)

Equation is used to determine the location of crossbars of
elliptical frame of reflector of the scheffler (3.8). As
needed the main axis (2b) is split into multiple sections.
Origin is centre of an ellipse, the major axis is along x-axis
and it passes from the origin. By plugging the value of Xn
into equation (3.8), the value of Yn can be calculated, and
therefore the location of the crossbars on the frame of
elliptical of scheffler concentrator can be evaluated. The
Number of crossbars as 13 is chosen to shape the
appropriate part on 1.53 m? elliptical frames in such a way
that reflector sheet may adopt the requisite form of the
concentrator. Figure 3.3 depicts the junction sites on frame
of the reflector.

_.—-—'—"_'__""'"—T—-_“._""""""""""""'}\'"
/f LH““& !
Ab a
W= = = '
0,0 :
Y
VG @ @] @| Q| 96| 97| Gz| Go| Qu| quf Quz| G
! \‘“an__ﬁ______r_d//
o e

: b !
Figure 3.3: The intersection points on the reflector frame
of thirteen crossbars (q; — q3)-

Succeeding the fabrication work of reflector frame,
crossing points of crossbars are pointed on elliptical frame
of reflector for variables evaluated utilized preparation of
the needed crossbars of sheffler reflector. The lengths of
arcs (b,) and depth (A,) for thirteen crossbars have been
evaluated to fabricate the reflector of scheffler by using
trigonometric equations. After all of the dimensions are
determined then these crossbars are make ready to form
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scheffler reflector and also bolted on mentioned points of
reflector frame of scheffler. From these equations,
crossbars be prepare to form scheffler reflector and also
are bolted on the mentioned points of frame of scheffler
reflector to evaluate the correctness of bent crossbars, the
design of flex print was employed.

Table 3.2: The position of crossbars on an elliptical frame
as measured from center of the ellipse.

Number of Xn Yn

crossbars
1 -0.703 +0.309128
2 -0.586 + 0.413879
3 -0.469 + 0.492261
4 -0.352 + 0.541902
5 -0.235 + 0.574737
6 -0.118 + 0.593565
7 0 + 0.593709
8 0.118 + 0.593565
9 0.235 + 0.574737
10 0.352 + 0.541902
11 0.469 + 0.492261
12 0.586 + 0.419879
13 0.703 + 309128

3.4 The depth for the crossbar ellipses and calculation
of the equations

Figure 3.2 depicts the cutting planes of crossbars as 13-
straight line normal to the cutting plane of frame of
reflector. The cutting plane of crossbar has a (90+ )
inclination angle. Cutting lines are likewise ellipses with

the same axis ratio (‘;—" = cos(90 — B)).

Starting at the middle of crossbar (q,), we extract the basic
equation of line and it is given as:

Y =Mpxye, (3.9)

In which m, is slope of the cutting plane, c, is intercept and
n is number of the crossbars. Because all of the cutting
planes are parallel, m, will be constant for all of them.
Semi minor axis of the ellipse is determined by using-

a=2((f-mp) 2 + f.c) V2 (3.10)

The above equation is applicable for central crossbar only,
for rest of the crossbars c, is change by +Ab/sing.

Zn

Figure 3.4: Ellipse of crossbar for concentrator of scheffler
(SC).

The nth crossbars (An), depth of concentrator is calculated
by using the equation which has deduced from geometry
of an ellipse:

3 (anz_xn2 y1/2 311
Zn = (os (90-p) (3.11)
an—(anz_x ) 1/2
An=b, —z, = — ¥ (3.12)

cos(90-3)

3.5 Forming of solar concentrator of scheffler

Working drawings of the frame of reflectors and the
crosshars are created using solid works as illustrated in
figure 3.5. The drawing was utilized to fabricate the frame
of reflector and the crossbars.

www.jmest.org

JMESTN42353824

14276


http://www.jmest.org/

Journal of Multidisciplinary Engineering Science and Technology (JMEST)

ISSN: 2458-9403
Vol. 8 Issue 7, July - 2021

Table 3.3: The Semi major and semi minor axes of the
elliptical crossbars as well as the depth of several arcs of
crosshars are shown.

Number of crosshars In Yo
1 0703 +0.309128
1 0386 1 0413879
3 0460 1 0492261
] 033 1 0541902
5 013 0574737
3 118 + 0.593565
7 0 + 0593709
E D11 + 0.593565
] 0.3 0574737
10 0332 1 0.541902
11 D480 1 0.492261
12 0.586 + 0419879
13 0.703 + 309128
- 1.636m -
!
a )
v
Figure 3.5:  The crossbars of the scheffler solar

concentrator (SSC) and drawing of solid works for
reflector frame.

Reflector frame structure was elliptical in shape as shown
in Figure 3.5. It was linked in two parts with bolts and nuts
after bending into an elliptical shape. Following the
installation of the reflector frame, the centre was bent
according to the design and attached to the frame of
reflector as illustrated in figure 3.6. They were linked by
frame of reflector center bar by the help of bolts and nuts.
Anodized sheets of aluminum for reflecting material were
used.

Solar concentration of scheffler is a lateral part of a
paraboloid and it is designed concerning of equinox (solar
declination = 0). To achieve the fixed focus all days,
various paraboloid surfaces are required based on solar
declination. So that the scheffler reflector is reflector is
given by three points. In which two pivot points are
attached with a reflector frame while the third is attached
to parabola curve. When the reflector is cyclic changed by
the help of the telescopic clamp mechanism by revolving
at half solar declination angle, these pivoted points induce
the needed change in the form of the crossbars. For this
purpose the all frame of scheffler reflector is fabricated
like flexible assembly to achieve the desired.

Figure 3.6: Construction of reflector frame, the crossbhars
of the scheffler solar concentrator.

3.6 Total Cost Estimation

Fabrication work of reflector of scheffler was completed in
Gorakhpur. All cutting, fitting, drilling and assembly
procedures for reflector of scheffler were completed at my
own place Gorakhpur in a private workshop. Table 3.4
shows an estimate of the total cost in rupees.

Table 3.4: Total Cost

Item Cost (Rs.)

Frame of reflector 1800
The Structural stand 2200
Mechanism for 600
Tracking

Bolts and Nuts 600
Printing Flex 400
Labor charge 1100
Total Cost Rs. 6700

All of the necessary tools and equipments were accessible
at the private mechanical workshop to perform all the
procedures.

The majority of the work was cold with some welding
thrown in for good measure. As a result the first cost
incurred in the manufacturing of the solar concentrator of
scheffler, was material cost.

3.7 Conclusion

All of the calculations are made while creating parabolic
curve of solar concentration of scheffler made with
reference to equinox. All of the expressions are computed
and organized in such a way that the solar concentrator of
Scheffler may be constructed if focus of parabola as well
area of collector is known. The present estimate is done to
a collector of area 1.53m? and focus distance of 0.571m.
The correct arrangement of crossbar of reflector frame is
required to the fabrication of scheffler collector. As a
reflective medium, anodized aluminum sheets were
utilized. To ensure that the correctness of bent crossbars a
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new flex print of design sketches was employed. Various
paraboloid surfaces are required to achieve the same focus.
The reflector of scheffler has 3 points for this aim,
reflectors frame is attached with 2 pivot points and the
third is attached to the centre of bar (parabola curve) These
pivoting procedures the needed change in form of
crossbars when reflector is adjusted seasonally, using the
mechanism of telescopic clamp by moving at partial the
solar of declination angle.

4. Experimental difference of the various solid &
desiccants composite for resurgence through the

scheffler solar concentrator (SSC).
4.1 Introduction

This chapter comprises the information of experimental
system installed at my place Gorakhpur India 26° 77*
North and 83°37' East) together with computing
instruments and devices, setup operation and practical
uncertainly. The practical were managed in the month of
March. The experiments were organized on the saturated
desiccants to detect maximum adsorption value of several
desiccants i.e. molecular sieve, silica gel, alumina,
operated charcoal, and novel desiccant composite.

4.2 Experimental Setup

The experimental setup utilized for evaluation of moisture
availability in several saturated desiccants as illustrated in
the Figure 4.1.The investigation was conveyed at SHT
Gorakhpur India 83°37* and East26° 77* North). Saturated
sample of 0.60kg is selected to the research of the every
desiccant resurgence is conveyed from removing the
desiccant to direct heat, given by the concentrator of solar
at fixed focus.

Seasonal tracking mechanismilily

S Daily tracking mechanismj

@) (b)

Figure 4.1: Pictorial view of the experimental setup from
(@) front view (b) side view, which is utilized for
resurgence of many material of desiccant.

Complete practical system is made up of following
components which are labeled as:

i. Solar concentrator of scheffler (SSC.)
ii. Receiver

4.2.1 The solar concentrator of Scheffler (SSC).

An area of 1.53 m® SSC is utilized for the accumulation
radiation of solar for the desiccant infused in the receiver.
The sheet of anodized aluminum utilized as an
accumulator material. Setup of solar concentrator has
installed at Gorakhpur (an angle balance to the latitude of
the detection, facing towards south for greatest utilization
of concentrator). The solar tracking has been completed
after the gap of 10 minutes. A graphic concentrator
diagram is illustrated in figure 4.2.

Seasonal tracking
mechanism

Polar axis

Receiver
Crossbar N ¥

1 0.13m

0.735m

Figure 4.2: Simplified diagram of scheffler solar
concentrator (SSC).

4.2.2 Receiver

The container of receiver is exposed of metal sheet and is
0.13m x 0.11m x 0.05m in size. The rear and front sides of
the receivers are sheltered with mesh to contain the
desiccant, and few holes are supplied on the perimeter to
moisture extraction.

@) (b) (c) Figure
4.3(a)Simplified representation of the receiver from (b)
front view (c) side view.
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0.15m

0.11m

‘ 0.15m .
Figure 4.4: Graphic diagram of the receiver.

4.3 Operation of the system

System is utilized for focus the radiation of solar at a point
of focus. A receiver infused with the desiccant of material,
is set on its focus for regenerating material of desiccant
through utilizing physical heat given by setup. The
receiver is merged with the weighing machine for lookout,
the loss in weight of material of desiccant after the each 10
minutes of gap. Tracking of sun in the day is completed at
each 10 minutes of gap by the use of holes drilled above
the polar axis of concentrator on the ring. Focused
radiations enhance temperature of desiccant surface.
Surface temperature of desiccant material enhances
difference in desiccant pressure of vapor and atmospheric
air enhances as a outcome of moisture from desiccant
Surface, start removing.

Practical examination, data on the surface temperature, the
weight loss, WBT & DBT, the solar intensity and wind
speed of several anhydrous materials are found.
Resurgence rate and the moisture availability of its
saturated sample of several desiccants (wet) are estimated.
The resurgence of material of desiccant is quantity of
moisture extracted by desiccant in per unit time as
illustrated in figure 4.1.

Where; Resurgence rate (Kg/hr) = Mgesiccant (4.1)

In which; mdessicant is mass of desiccant (dry basis), d,
shows the change in desiccant weight, and the d; shows
time gap when change is examined [7]. Dry basis
Availability can be found by using the equation shown in
(4.2). It is the ratio of mass of the H,O in desiccant to mass
of desiccant (dry).

MC (kg/kg) = "‘Wm—‘d’”d (4.2)

In which; m,, shows mass desiccant (kg) (wet), and mq is
mass desiccant (kg) (dry).

4.4 Instruments and measuring device

Instruments and the devices used for practical
investigation are as follows:

I. The intensity of Solar is calculated with a pyranometer
by an accuracy measurement of  + 1W/m?.

ii. Sling psychrometer is used to test the DBT and WBT of
atmospheric air.

iii. Resurgence rate is found by weighing the material at a
gap of 10 minutes.

iv. The thermocouple combine with the help of digital
indicator by a least count (0.1°C), is applicable for
measuring desiccant material surface temperature.

v. An anemometer is utilized to measure the wind speed
during experimentation with an accuracy of +0.1m/s.

4.5 Experimental Variability

The variability and errors or mistakes in experiments can
rise for a variety of reasons which includes calibration,
atmospheric conditions, observations, wind speed, test
preparation, readings and instrument selection. In this
study the suitable best equipment are utilized to assess the
losses of weight, DBT & WBT, sun’s radiation, and the
temperature.

If the variability in all of the independent variables is
supplied with the same odds [21], the resulting variability
is computed using the expression equation (4.3).

OR 2 ( OR ) 2 ( OR ) 2112
= (| 2w, | 2+ (& (R
wr = { [6x1 Wl] ax, W) St dxn wn ) “}

43)

In which; wy, wy, wz ... , W, is the variability in
independent variable and Wy is total variability in results.
R is the given function of independent variables Xj, X,
X3... Xn.

The variability in the measurements of temperature (wr)
increases by digital thermometer, thermocouples, and
value of intersection points. Total variability in
measurement of temperature is estimated as:

Wy = [(W thermometer) 2 + (W digital thermometer) ? +
(W connection points) 2 + (W readings) %]

W= [(0.251)%., (0.10)*+ (0.10)*+ (0.251)*]*? = 0.381.
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The variability in loss of the weight measurements (wg)
increases by anemometer, values and air leaking.
Variability in loss of weight measurements are found as:

Wg = [(W digital weighting machine) 2+ (W friCtiOﬂ) Z 4 (W
readings)?] "2

W, = [(1.0)* + (0.51)%+ (1.0)°] * = 1.502

The variability in speed of the wind measurements (w,)
increases by anemometer readings and air leaking. Total
variability in speed of wind measurements is found as:

Wv = [(W anemometer) * (W leaking) ? + (W readings) ]2
Wv = [(0.10)? + (0.10)* + (0.10)*+ (0.101)*] * = 0.171

The variability in reading of the WBT (Wwgr) &DBT
(Wpgt) using sling psychrometer (Wv) increases by
thermometer. Total variability in WBT &DBT
measurements is evaluated as:

Woer = Wyer = [(W thermometer) 2 + (W readings) 2]*?

Wogr = Wyer = [(0.101)*+ (0.102)*] * = 0.142

The variability from calculation of the solar energy (Ws),
increased by pyranometer. Total variable in energy of solar

calculations is estimated as:
Wse = [(W pyranometer) 2+ (W readings) ]2

Wse = [(1.01)%+ (1.02)4] * = 1.142

Table 4.1: Uncertainty in values during experiment.

Parameters of Corresponding | Units | Comments

Variability in temperature °c +0.381
measurements

Variability in DBT °c +0.142
measurement

Variability in WBT °c +0.142
measurement

Variability in measurements G +1.502

of weight loss

Variability in measurements m/s +0.171

of wind speed

Variability in solar energy w/m? +1.415
measurement

4.6 Discussions and the experimental results

The investigational procedure is focused on resurgence of
the solid desiccants saturated in search to got availability
in desiccants utilizing system having an area of 1.53m%

The desiccant resurgence is depends on desiccant surface
temperature and wind speed. The procedure of practical
inspection is same for all the 5 cases; only the variation is
differing in the material corresponding to resurgence.

Case-1: Silica gel resurgence

0.60 kg weight of Silica gel is filled in receiver and
pointed focus of the system. Between the researches the
humidity ratio of air falls between 0.008618-0.011079 kg
of water vapor/kg of dry air which has no impact on silica
gel resurgence. Silica gel regenerating research, few values
are sustained during methods as illustrated in table 4.2.

The impact solar intensity and speed of wind over the
silica gel temperature is represented in figure 4.5 & figure
4.6 respectively. Silica gel surface temperature enhances
with enhance in the solar intensity, yet wind speed has
impacts on it also. The intensity of solar is maximum
(12.35 PM i.e. 918w/m?) but at the parallel time wind
speed is high (3.0m/s, which outcomes into a temperature
of 90.6°C. Highest temperature of 169.7°C is gained at
01.25 PM while the wind speed and solar intensity is
0.5m/s and 860w/m?. This represents that wind speed has a
remarkable impact on surface temperature desiccant
material. The of resurgence rate with time, silica gel
surface temperature is illustrated in figure 4.7. This rate of
resurgence is high at first due to the more availability of
the silica gel but it gradually diminishes.

Table 4.2: Data on solar intensity, wind speed, desiccant
(silica gel) weight, silica gel surface
temperature and DBT & WBT of atmospheric air are
collected every 10 minutes.

Humidity ratio

Time | Weight of | Resargence | Incemsicy | Temp.
B . of Air

ran a
hsur desiccant (gfhry i Surfac

0009650
000
0009155
[P
0009352
0005618
000925
0009572
0009352
0000352
0009378
R
0009145
LR
0005030
0009322
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Figure 4.5: Difference in temperature of surface for the
solar intensity throughout the silica gel resurgence.
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Figure 4.6: Result of wind speed on temperature of the
surface throughout the silica gel resurgence

The highest temperature of about 169.7°C is gained at
01:25 PM when the intensity of solar is 860w/m? and wind
speed is 0.5m/s, this represents that speed of wind has a
remarkable impact on temperature of desiccant material
surface. The fluctuation rate of resurgence with time, the
silica gel surface temperature is illustrated in Figure 4.7.
The rate of resurgence is high at first due to the more
availability of silica gel, and it is gradually decreases as
the time passes.
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Figure 4.7: The difference in the resurgence rate of the
new composite of silica gel with temperature of surface is
demonstrated throughout a 10 minutes time gap.

The investigation’s findings are described below:

i The highest rate of resurgence of 0.0520kg/hr
is gained at “Ts” of 106 °C.
ii. Average wind speed average surface

temperature and average solar intensity
throughout the investigations are 1.08m/s,
108.30°C and 852.76w/m? respectively.

iii. The highest temperature of 169.7°C is gained
at silica gel at wind speed of 0.5m/s.

iv. Figure 8 depicts the color shift of the silica
gel from pink to blue as a sign of full
resurgence.

V. Under these conditions, full resurgence of

silica gel get hold of 160 minutes and weight

decreases of 22.751 percent is obtained.
Silica gel has a moisture availability of 0.2945 kg of water
per kg of dry desiccant.

(a) (b)
Figure 4.8: Real pictorial representation of silica gel in
receiver which is positioned above the weighing machine
at (a) after 20 minutes, and (b) after 140 minutes of the
resurgence.

Case-2: Operated alumina resurgence

In this case 2, 0.60 kg of operated alumina is put into the
receiver and positioned at the SSC’s focus. Throughout the
research; the humidity ratio ranged from 0.00721 to
0.11985 kg of water vapor/kg of dry air, which had no
influence on operated alumina resurgence. Few readings
are taken throughout the resurgence research of the
operated alumina as indicated in Table 4.3.

Table 4.3: The data on solar intensity, wind speed,
desiccant operated alumina weight, temperature of surface
of operated alumina and DBT & WBT of atmospheric air
are collected every 10 minutes.

Time “'ﬂgit Resurgence | Intemsify | Temp. | Wind | DBT | WBT | Humidity ratio of Air
in | ofthe ratein | ofSolar | of | Speed | () | (O)
boor |desccant| - (kelbr) B gy | ()
inkg) (i) )

1430 04 - 755 7| a7 | 81| 166 0.007811
1440 | 04825 00175 7 130 | 11 | 21 | W7 0.007210
14350 | 0616 | 00316 616 | 126 | 17 | 216 | 146 0007416
1500 | 0.810 00210 10 053 | 14 | 16 | 156 0.008116
1300 0f02 | 0.0269 65 | 766 | L8 | 21| 157 0.008313
1520 0580 0115 m 1281 | 052 | 11 | 156 0.008313
1530 058 0184 67 1036 | 041 | 131 | 156 0.007910
1540 0584 | 0.0M5 83| 182 | 0m | 21| 187 0.008734
1530 | 0582 .007e i1 03f | 11 | 11 | 162 (0.008559
16:00 | 0382 | 0.0000 H6 | BBE | 14 | 21| 186 0.011995
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Figure 4.9: Throughout the resurgence of operated
alumina, the fluctuation of surface temperature with sun
intensity is shown.

Figure 4.9 and 4.10 depicts the influence of wind speed of
operated alumina, surface temperature and intensity of
solar. At 03:10 PM, the sun intensity is 615w/m? and the
speed of wind is 1.82m/s, resulting in temperature of a
surface of 76.6°C for operated alumina. However at 03:40
PM, the wind speed and solar intensity are 0.72m/s and
583w/m?, respectively resulting in a Ts of 119.2°C
demonstrating the influence of wind speed on desiccant

material surface temperature.
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Figure 4.10: The outcome of wind speed on temperature of
surface throughout the resurgence of operated alumina.

Fluctuation rate of the resurgence with time period of the
surface temperature of operated alumina is illustrated in
figure 4.11. When compared to example 1, the resurgence
time of operated alumina is relatively short (silica gel).
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Figure 4.11: Variation of operated alumina resurgence,
rate as a function of surface temperature is displayed once
every 10 minutes.

The followings are the findings of the investigations.

i The highest rate of resurgence is 0.0316kg/hr
attained at the surface temperature of
112.6°C.

ii. Solar intensity average, average wind speed
and average surface temperature throughout
the investigations are 624.8w/m?, 1.1m/s and
96.86°C respectively. Because of the
decreased sun intensity throughout the
research, “Ts” was observed to be lower than
in instance 1.

iii. The highest temperature as of 129.1°C is
attained on surface of operated alumina
corresponding the speed of wind is 0.52m/s
which are lower compared to the highest
temperature attained as casel, in spite of
likely same speed of wind as of less intensity
of solar throughout the inspection.

iv. Under the circumstances, full resurgence the
operated alumina get hold of 90 minutes and
weight decreases of 6.30 percent is obtained.

V. In comparison to instance 1, the moisture
availability of operated alumina is 0.0672kg
of water per kg of dry desiccant (silica gel).

Figure 4.11 (a) shows the white fused alumina.
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Figure 4.11 (c) shows the type of silica gel.
The conclusion represents that adsorption potential of the
silica gel is far higher when compared to operated alumina.

Case-3: Molecular strainer resurgence

In this put down molecular strain consisting weight of
0.60Kkg is placed in receiver and put down at the focus of
system throughout examination, humidity ratio of air falls
between 0.008161-0.01112 kg of water vapor/ kg of dry
air which has no significant on resurgence of the molecular
strain. For the resurgence, examination of molecular strain
several values are found during investigation as illustrated
in Table 4.4.

Table 4.4: Data on solar intensity, wind speed, desiccant
molecular weight, temperature of surface of the molecular
sieve and DBT & WBT of atmospheric air collected every
10 minutes.

Time in Weight | Resurgence | Intensity | Temp. | Wimnd DET | WET Humidity
hour of the rate in of Solar of Spesd (\=] [ #] ratio of Air
desiccant | (kg'hr) i i Surface | (mf)
in (kg) (wim’) )

10:50 0.600 - [ 1801 (X 101 151 0.003908
11:00 0.513 0.0233 3 13811 131 106 158 0.009345
1110 0.608 0.0162 THE 1561 03] L1 156 [
11:20 0.504 00131 744 15012 132 216 151 0.005161
1130 0591 0.0306 781 13878 03l 211 151 0.005268
1140 0385 0.0193 TE 153 L50 1 162 0.009508
11:50 0573 003735 00375 01 15491 042 223 0.003412
1200 0565 [ 503 19331 [ 191 154 0009550
110 0353 00375 T8 15117 [E5] 0l 161 0.009803
1230 0.551 00071 671 15168 Lot 192 162 0011120
1230 0341 00315 516 19434 0351 111 161 0.009783
140 0330 0.0345 a0 1803 [E5] a1 161 0.000783
1250 0516 00428 H 1854 042 216 168 0.009091
13:00 0509 0.0123 T8 1853 [ m3 168 0.008443
13:10 0.509 0.0000 67 14134 112 233 162 0003824
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Figure 4.12: The graph depicts the variation of temperature
of surface with the intensity of solar. Figure 4.13: During
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resurgence, the impact of wind speed on the surface
temperature. throughout resurgence of molecular sieve.
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Figure 4.14: The difference in molecular sieve rate of
resurgence with temperature of surface is shown of a time
gap of 10 minutes.
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The experimentations findings are as follows:

i The greatest rate of resurgence is
0.0428kg/hr  is  attained at  surface
temperature of about 188.4°C.

ii. Solar intensity average, average wind speed
and the average surface temperature
throughout the experiments are 760.73w/m?
0.7493m/sec and 153.98°C respectively.
Suggested that the average surface
temperature throughout the investigation is
more as of less speed of wind and best sun’s
intensity throughout the investigation.

iii. The highest temperature of surface of about
194.34°C is attained at the of molecular
strain surface as the speed of wind is
0.42m/s.

iv. It gets hold of 140 minutes in total
resurgence of molecular strain  below
corresponding situations, and loss of weight
of about 18.074% is attained. Loss in weight
is little lower compared as attained in case 1,
yet more compared as in case 2.

Moisture level of strain of molecule is of 0.2215kg of
water per kg of dry desiccant, which is equivalent as in
case 1(silica gel). The outcomes reveal that molecular
strain (size) has a greater adsorption potential than the
silica gel, although it needed a greater temperature of
resurgence.

Case-4: Operated charcoal resurgence

In this stage operated charcoal weighing 0.60kg is put on
in the receiver. Throughout the research, the humidity ratio
of air ranged in 0.008763 & 0.012435kg of water per kg of
the dry air, which had no significant on operated charcoal
resurgence. Multiple readings are taken throughout the
resurgence research of operated charcoal as indicated in
Table 4.5.

Table 4.5: Data on solar intensity wind desiccant activated
charcoal weight speed, temperature of surface of operated

charcoal and DBT & DBT of atmospheric air are collected
every 10 minutes.

Time “'ﬁéht Resurzence | Intensity | Temp.of | Wind | DBI | WBT | Humdity

in of the rate in of Solar | Surface | Speed ') (*C) | ratioof Air
hour | desicean (kg/hr) in o) ()

tin (kg) (wim?)

11:20 0.60 - 349 2042 142 3 163 0.0089
11:30 | 0618 0.0104 369 §315 136 01 16.4 0.0098
11:40 0.61 0.0281 886 105.62 137 2 16.6 0.0093
11:50 | 0.605 0.0175 353 11041 112 216 16.2 0.0091
12:00 058 0.0175 893 9% 136 216 173 0.0103
1310 | 0.387 0.0060 363 858 21 6 16.8 0.0087
1220 | 0387 0.0036 912 90.1 il i e 156 0.0083
1230 | 0385 0.0080 84 918 042 216 16.6 0.0097
1240 | 0383 0.0060 861 9723 3 ne 15.2 0.0120
1250 | 0381 0.0106 855 12056 0.36 216 18.1 00124
1200 | 0.387 0.0036 363 11837 13 12 17.6 0.0120
1310 | 0336 0.0080 a5 1192 L1 116 16.6 0.0097
13:20 | 0336 00000 811 1158 1352 6 173 00112

Figure 4.15 and 4.16 demonstrated the influence of wind
speed and intensity of solar on the new composite surface
temperature. The operated alumna’s surface temperature
rises as the sun’s intensity rises, yet it has an impact as
well on wind speed. The highest intensity of solar
radiation is 912w/m? at 12:20 PM, yet the speed of wind is
3.2m/s, resulting the surface temperature is 90.1°C.

= Solar intensity

Surface temperature
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temperature] “C)
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Figure 4.15: The graph depicts the variation in temperature
of surface with intensity of solar throughout operated
charcoal resurgence.

=——Wind velocity Surface temperature

Time(hours)

Figure 4.16: The impact of wind speed on surface
temperature throughout operated charcoal resurgence.

The highest temperature of 129.2°C is obtained at 01:10
PM when the intensity of the sun and speed of wind are
964w/m? and 1.1m/s respectively; demonstrating wind
speed has a substantial influence on desiccant material
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surface temperature. Figure 4.17 depicts the rate of change
of the resurgence with surface temperature of operated
charcoal and with time.
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Figure 4.17: The fluctuation of operated charcoal
resurgence rate with surface temperature is shown over a
time gap of 10 minutes.

The research’s findings are as follows:

i At 105.62°C surface temperature the highest
rate of resurgence i.e. 0.0281kg/hr is
achieved.

ii. The average intensity of solar, average

surface temperature and average wind speed
during inspection are 868.69w/m? 84.31°C
and 1.2793m/s respectively.

iii. When the wind speed is about 1.1m/s, the
surface of operated charcoal reaches at
highest temperature of 129.2°C.

iv. Under these conditions, the operated charcoal
consumes time of 120 minutes for full
resurgence, and weight decreases up to
5.29% is obtained.

V. Operated charcoal has a moisture availability
of 0.0559kg of water per kg of dry desiccant.

The searches indicate as operated charcoal has a low
adsorption capability.

Case-5: Novel composite resurgence

In this study a new composite weighing 0.60kg is loaded
in the receiver and put at the focal point of the solar
concentrator of scheffler. Novel composite is created by
immersing the brick fragments in the 41% CaCl, and
allowing them to absorb availability from the surrounding
air, until it saturated. Throughout the research the humidity
ratio of air ranged between the 0.009785 and 0.012256 kg
of water vapor/kg of dry air, which had no influence on the
new composite resurgence. Few readings are taken

throughout the resurgence, investigation of new composite
material as indicated in Table 4.6.

Table 4.6: Data on solar intensity of wind speed, a novel
composite desiccant weight, temperature of surface of a
novel composite and DBT & WBT of atmospheric air are
collected every 10 minutes.

Time | Weight | Resurgence | Intensity | Temp. | Wind DBT | WBT | Humidity

m of the ratein of Solar of Speed ¢C) ¢c) ratio of
pour | SeeRnt | (hehe) B Curhce | () Air

in (kg) (wim’)
o

10:45 0.600 - 708 204 033 1853 | 1508 | 0.009239
10:35 0.608 00353 708 718 091 1952 | 1508 | 0.005783
11:05 0559 00322 728 781 082 1901 | 1506 | 0.009819
11:15 0.599 00322 767 1004 084 | 2002 | 1557 | 0.009273
11:35 0.389 00322 798 718 273 I103 | 1603 | 0.009329
11:35 0.369 0.0631 823 1126 186 | 2130 | 1603 | 0.009168
11:43 0.564 0.0166 836 1246 08% | 2131 | l6.04 | 0.009168
11:35 0351 0.0416 843 1046 092 201 | 1703 | 0.011049
12:05 0349 0.0072 261 1032 167 | 2203 | 1638 [ 0.009595
12:15 0339 00322 374 8338 101 1203 | 1702 | 0011049
12:35 0331 0.0260 833 763 192 203 | 1751 | 0012256
12:35 0331 0.0000 871 1188 044 | 2202 | 1706 | 0.011049
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Figure 4.18: The fluctuation in temperature of surface with
intensity of solar throughout the resurgence of a novel
composite is shown.

Figure of 4.18 and 4.19 depicts the influence of wind
speed and intensity of solar radiation on the new
composite’s surface temperature. The temperature of
surface of new desiccant rises as sun intensity rises, yet the
speed of wind has also an influence on it. The highest
intensity of solar radiation is 861w/m? at 12:05 AM, but
the speed of the wind is 1.67m/s, resulting in a temperature
of surface of 103.2°C.
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Figure 4.19: The impact of the wind speed on the
temperature of surface of a novel composite throughout
resurgence.

At 11:45 Am, the highest temperature of 124.6°C is
reached when the intensity of sun and speed of wind are
836w/m? and 0.89m/s respectively, indicating speed of
wind has a substantial influence on desiccant material’s
surface temperature. Figure 4.20 depicts the change of rate
of resurgence with surface temperature and time of new
composite material. The rate of resurgence attained in the
new composite material is greatest amount of all the
possible scenarios.

The consideration’s results are as follows:

i At a temperature of surface of 124.6°C, the
highest rate of resurgence of 0.0631kg/hr is
attained.

ii. Throughout the experiment, the average
intensity of solar, average wind speed and
average temperature of surface were
806.33w/m?, 1.238m/s and 90.2167°C
respectively. It is discovered that the average
temperature of surface throughout the
research is low as a result of the investigation
as there was an increases in the wind speed.

iii. When the speed of wind is 0.89m/s, the
temperature of surface of desiccant reaches at
highest as of 124.6°C.

iv. Under corresponding circumstances full
resurgence of new composite takes 110
minutes and there is a decrease in weight of
14.98% is obtained.

Novel composite has a moisture level of 0.18 kg of
water/kg of the dry desiccant, in which it is somewhat less
compared to instance 1(silica gel) & instance 3(molecular
sieve).

Results demonstrate as the new composite has high
adsorption availability, similar to traditional desiccant
materials because of silica gel and the molecular sieve.
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Figure 4.20: The rate of resurgence of a novel composite
varies with temperature of surface over a time gap of 10
minutes.

4.7 Conclusion

The temperature of surface, which is affected by intensity
of sun and speed of wind influences resurgence of
desiccant via direct heat produced by a solar concentrator
of scheffler. If the resurgence is executed using direct heat
by a solar concentrator of scheffler, the humidity ratio of
air has no influence on resurgence of desiccant. Because
Silica gel having highest adsorption capacity of any
desiccant studied, it is the best desiccant for utilize in
building air dehumidification as well as air conditioning
system. Because of its moisture availability (less as
compared to silica gels) having short resurgence time, the
novel desiccant is viable replacement for traditional

desiccant.

Moisture availability in operated alumina, silica gel,
operated charcoal; molecular sieve and new composite
sample of equal weight of various saturated desiccants (on
the basis of wet) are 0.0672, 0.2945, 0.0057, 0.2335 &
0.18 kg of water per kg of the dry desiccant respectively.

The operated alumina, the silica gel, the molecular sieve
and the new composite desiccants had the times of
resurgence are 90, 160,140 and 110 minutes, respectively.
Figure 4.21 depicts a photographic image of all
regenerated materials of desiccant employing 1.53m? SSC
and the Table 4.6 provides a tabular form of the results
achieved in different materials of desiccant. The greatest
temperature of surface is 194°C reached in case of
resurgence of the molecular sieve by 1.53m® solar
concentrator of scheffler and highest rate of resurgence is
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achieved in new desiccant composite in all the cases which
is 0.07440kg/hr.

Figure 4.21: Photographic representation of thé SSC
resurgence.

Table 4.7: The highest rate of resurgence, loss of weight in
percentage, moisture availability (on the basis of dry),
range of temperature, range of average temperature, wind
speed range, range of average wind speed, range of
humidity ratio, data of the solar radiation, range of
intensity, and period of resurgence, different desiccant
material were obtained by utilizing a 1.53m* scheffler
solar panel concentrator.

Desiccant composite Thesilicagel | Opersted | Themolecular | Operated Novel
alumina strain charcoal Compasite
Resmzence cout (ki) 00516 003l [[TE] 0.9 00628
Toss of weight (%) nu 628 1805 in 15008
Moistre availability (o dry basis) 01.2045 00672 0215 0057 [
Ramge of Terperanme of swhace (0C) | 1061888 | 2401810 | 10719 | 06-1380 | 208183
Averags emesane (°C) 10735 3T R 96071 BT
manee af rind speed (ms) 0331 0H 0312 0331 01423
Wind spead averas (ms) L1187 7 (%] 14% 15
"ty i (kg 0008510 | DOOTN0- 0007861 | 0.D0ETR- [T
wv g da)range 00T 00118 0010130 001187 0010852
Rz of Solar ntensity (Whe) e8I HET56 72416 2040 a5
Solar ety Average (W) AT 6530 BT ime 6
Resumzence time {mimizes) 180 0 140 JE] 110

5. The drying curve for the mathematical model of
desiccant composite

5.1 Introduction

Drying curve for desiccant composite has been modeled
mathematically in this chapter. For choosing the optimum
illustrative model of the drying desiccant composite 12
drying models were incorporated for the practical data
utilizing MATLAB tool as the analysis for statistical.

5.2 Analytical model

The data of moisture ratio is transformed to the usable
moisture ratio (dimensionless term), and the calculations
for curve suited for drying models, furnished from many
researchers by the drying period are performed.

Throughout the resurgence, the ratio of moisture of the
composite material desiccant is determined by the
following equations:

MR= (51)

In which Mt represents the content of moisture (on basis of
dry) at time t, Mo represents the content of moisture (on
basis of dry) at time t=0, & Me represents the availability
of moisture on stability stage (on basis of dry). Because
Me is relatively little in comparison to the original content
of moisture, the MR equation is again reduced to Mt/ Mo
[22]. The expression provided can be used to evaluate the
content of moisture on the basis of dry in equation (4.2).

12 alternative models of moisture ratio are suited
with research outputs for explaining the drying of
desiccant composite, determining the best model by
utilizing a solar concentrator of Scheffler, as illustrated in
Table 5.1. For regression analysis, the MATLAB software
is utilized. Correlation coefficient (R), is key factor for
choosing the optimal equation of drying. Another
approach for determining the quality of fit is the root
average square of error analysis (RSME). For better the
match, more the value of R and less as compared to the
RSME [23].

?:I(MRi - MRpre,i)' ?:1(MR1‘ - MRex;o,i)

RE=
I R~ MRy P32 M8, ~ M ]

(52)

RMSE = (5.3)

1 P
[2?:1(MRW,,- - MRQX,.,‘JZI f2
N

In which; MRexp, represents experimentally moisture ratio
observed in the ith term, MRpre, represents moisture ratio
projected in the ith term, N represents the number of the
observations of experiments, and the n represents number
of constants.

Table 5.1: Mathematical models are commonly used to
explain the kinetics of drying.

No. of| Name of model Model Reference
model
1 “Midilli" & “Kucuk™ MPR=a exp(-kt")+ bt [33]
model
2 Verma model MPR=a exp(-kt)+1-a) exp(-gt) [34]
3 Modified Henderson | ME=a exp(-kt}+b exp(-gt)+c exp(-ht) [33]
and Pabis model
4 Daffusion approach modell ME=a exp(-kt)+1-a) exp(-kbt) [32]
5 Wang and Singh model | ME=1+at+at- [31]
6 Two- term exponential MPR=a exp{-kt)+(1-a) exp(-kat) [30]
model
7 Two term model MPB=a exp(-kt}+b exp(-kit) [29]
g Logarithmic model MR=a exp(-kt}+c [28]
9 Henderson and Pabis MR=a exp(-kt) 271
model
10 Modified page model MEB=exp(-(kt)") [26]
11 Page model MEB=exp(-kt%) [25]
12 Newton model MR=exp(-kt) [24]
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5.3 The drying curves

Figure 5.1 Depicts saturated desiccant composite drying
curves. The starting content of moisture (Mo) based on dry
in desiccant composite is of 0.189kg of water per kg of dry
desiccant and reduces progressively by the given drying
period. Throughout investigation, drying didn’t happen at
the estimate of content, as illustrated in Figure 8 & 9.

0.2
0.18
0.16
0.14
0.12

0.1
0.08
0.06
0.04
0.02

Moisture content

Time(hours)

Figure 5.1: The graph depicts the change in availability as
a function of drying time.

The surface of material is no more saturated by the water
throughout the reducing rate period of the material, and
also the rate of drying is regulated through diffusion of the
moisture from inside of the solid surface [36].

5.4 Mathematical analysis of the solar drying curve

For statistical analysis of the drying models which is listed
in Table 5.1, and the consequences are illustrated in Table
5.2, the MATLAB is used. R and RMSE are making use
for evaluating the models. As demonstrated in Figure 5.2
and Table 5.2, the best descriptive model for desiccant
composite is the Kucuk and Midilli model. The desiccant
composite model of Kucuk and Midilli yields R = 0.9942
and RMSE = 0.03124.

Table 5.2 : The results of the statistical analyses on
moisture ratio modeling based on drying time.

Model Model name Model constants R RSME
No.
1 Newton k=1.126 0.9308 | 0.0900
2 Page k=1.195,n=1.632 0.9889 | 0.0380
3 Modified page k=1.115;n=1.632 0.9889 | 0.0380
4 Henderson and Pabis | a=1.093; k=1.235 0.9441 | 0.0853
5 Logarithmic a=2545;¢=-1524;k=0.3106 |0.9919 | 0.0344
6 Two term a=-3736;b=3844;ko=0.573; [0.9728 | 0.0674
k1 =0.5876
7 Two-term a=2.032 k=1827 0.9808 | 0.0499
exponential
8 Wang and Singh a=-0.7353b=0.07816 0.9916 | 0.0331
Diffusion approach | a=96.51;b=0.9621;k=0.1649 |0.9911 | 0.0361
10 | Modified Henderson | a =-44.64;b =0.01739; ¢ =45.69; g 0.9496 | 0.1087
and Pabis =0.8484 ; h =1.532; k=1.542
11 Verma et al. 2=66.96;g =0.5364; k = 0.5434 0.9629 | 0.0737
12 Midilli and Kucuk a=0.99; b=-0.0969; k =0.8506; 0.9942 | 0.0312
n=1.409

H H : [ Expenimental value [|
) i ; | Midilli and Kucuk ||

12 e [ 8 1 12 14 16
Timethours)

Figure 5.2: MATLAB was used to fit the curve of
experimental moisture ratio value with drying time using
the “Midilli and the Kucuk” model.

5.5 Conclusion

The data of moisture ratio is transformed to the usable
moisture ratio (dimensionless term), and calculations on
drying models of supplied for the curve fitting by many
researchers from the drying time are performed. To
describe the behavior of the new desiccant composite
drying, 12 drying models are used. For statistical studies
on drying models, MATLAB is utilized. With a R value
0.9942 and the RSME value of 0.03124, the “Kucuk and
Midilli” model is selective model for better explanation in
this situation.

6. Conclusions and the recommendations

6.1 Conclusion

The resurgence of the different desiccants has been found
by using the direct heat through the solar concentrator of
scheffler in aforementioned work. On the basis of
consideration the cessations are sum up as illustrated:

The temperature of surface, which is contrived by
intensity of sun and speed of wind, influences desiccant
resurgence via physical heat utilized by the solar
concentrator of scheffler. If resurgence is executed by
utilizing direct heat through a solar concentrator of
scheffler, the humidity ratio of air has no influence on
desiccant resurgence. Moisture availability in silica gel,
operated alumina, the molecular strain, the operated
charcoal, and new composite are 0.2945, 0.0672, 0.2235,
0.057, and 0.18 kg for en example of same weight, but
different desiccants (on the basis of wet) correspondingly,
water per kg dry desiccant.

Because the silica gel having the highest
adsorption potential of any desiccant studied, it is the best
desiccant for utilize in the building of air dehumidification
and also air conditioning. Because of its high moisture
availability (somewhat lower compared to silica gel and
also molecular strain) and resurgence for short time, new
desiccant is a viable replacement for traditional desiccant.
Operated alumina, silica gel, the molecular strain, operated
charcoal, and new desiccants composite regenerates in 90,
160, 140, 120, and 110 minutes, respectively.

In the resurgence from a 1.53m* solar
concentrator of scheffler, the greatest temperature of
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surface is reached in the case of molecular sieve, 194.3°C,
and the highest rate of resurgence is achieved in the case
of new desiccant composite, i.e. a rate of 0.07440kg/hr.

To describe the behavior of new composite
desiccant drying, 12 drying models are used. With an
RSME of 0.03124 and an R of 0.9942, the best descriptive
model in this situation is the “Midilli and Kucuk” model.

6.2 Advice for the future work

The current study focuses on the designing of a solar
concentrator of scheffler and the resurgence of different
composite desiccant materials and saturated solid utilizing
a scheffler sun concentrator. The composite desiccant
drying curve has also been analytically modeled.

However, there are several additional concerns which may
be examined. The following studies are suggested for the
future:

1. Consolidation of solar concentrator of scheffler
considering an air conditioning unit.

2. System’s Implementation analysis by using the software
as COMSOL, ANSYS etc.

3. Analytical analysis and the manufacturing of desiccant
bed through desiccant composite for low temperature of
resurgence.
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