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ABSTRACT

Solar flat plate collectors are used for meeting the hot air require-
ment in a number of applications ranging from domestic to industrial
sectors. However, the varying degree of uncertainties of available solar
radiation along with varying weather conditions often acts as restriction
to their wider use. The varying input conditions like solar radiation,
ambient temperature and relative humidity have diverse effect on the
output of the flat plat collector used for hot air generation and poses
difficulty in terms of reliability in providing the output as per users’ re-
quirement. This study refers to a method of predicting the output of flat
plate collectors under varying working conditions. The model suggested
here defines a relationship between the output in terms of instantaneous
efficiency and the inputs, namely, solar radiation, ambient temperature,
fluid inlet temperature and the mass flow rate. The relationship is based
on the behavior of a given flat plate collector under certain sets of input
parameters and can be used to estimate the efficiency of the collector at
various mass flow rates. Further, this model can be suitably extended
to estimate the mass flow rate for providing a particular output under
specific set of input parameters.
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INTRODUCTION

In the context of present energy crisis, use of renewable energy
sources plays an important role in energy conservation efforts. Solar
energy, being a major source among all renewable energy sources, has
enough potential for thermal applications. In practice, various types of
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devices are being utilized to trap and use solar thermal energy. However,
it is difficult to operate such devices to provide constant output continu-
ously due to varying operating conditions or region specific uncertain-
ties associated with solar radiation.

The most common examples of using solar thermal energy are the
solar water heating systems and the solar air heating systems. Water
heating systems utilize solar radiations to heat up water whereas the air
heating systems use the solar radiation to heat up the air. Hot water is
required in various purposes such as domestic, industrial, commercial
establishments, educational institutes etc. These requirements can be
met by using solar water heating systems [5,6,10]. Different types of
commercial systems such as flat-plate type, evacuated tube type etc are
available for such applications and experimental study comparing their
performances are also conducted by researchers [21].

Similarly, solar air heaters are also used for many purposes. Uses
of solar air heaters are reported for drying of fruits, vegetables and other
agricultural and marine products [2,3,8,16,18]. It may also be suitably
used for providing industrial process heat requirements, room heating
and other similar applications.

The performance of either a solar water heating system or an air
heating system is governed by the behavior of the collector used to trap
solar thermal energy. Among different types of collectors used in solar
thermal applications, flat plat collector is the most common, which is
featured by its constructional simplicity and economy. A flat plat solar
air heater is a flat plate collector used to generate hot air. As shown in
Figure 1, it comprises of an absorber plate, a transparent cover at the
top and a parallel plat at the bottom which forms the air passage. The
absorber plate is painted black with selective coating and the transpar-
ent cover is usually formed by one or more numbers of glass cover. The
system is properly insulated to reduce the heat loss from the sides as
well as from the bottom. Solar radiation falling on the absorber plate
through the glass cover is utilized to heat up the air flowing in the air
passage. The circulation of air is usually forced by a fan or a blower and
a temperature gradient exists in the air stream flowing from inlet to the
outlet.

With the advancement of technology, research and development
works related to use of solar thermal energy is primarily oriented to-
wards improvement of efficiency. Various research works are reported
in the areas of improving the performance of solar air heaters. This in-
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Nomenclature

A, Gross area of the collector (m?)

Ap Area of the absorber plate (m?)

Cp Specific heat of the fluid ((kJ/kg-K)

Dy E4 Constants in the power equation for absolute value of slope

Dp, Ep  Constants in the power equation for intercept

n; Instantaneous efficiency

f Friction factor

F Collector efficiency factor

Fr Collector heat removal factor

he Effective heat transfer coefficient between the absorber plate and air
stream (W/m*-K)

hp Heat transfer coefficient between bottom plate and air stream (W/m?*-K)

hy Heat transfer coefficient between absorber plate and air stream (W/m?-K)

hy Radiative heat transfer coefficient (W/m?-K)

Iy Instantaneous/hourly solar flux on the top of the collector (W/m?)

L spacing between the covers or absorber plate and cover (m)

M number of glass covers

7] Mass flow rate (kg/s)

T, Ambient temperature (K)

Ts Temperature of the working fluid at the inlet (K)

T Temperature of the working fluid at the outlet (K)

(ta)oy  Average value of the product of transmissivity and absorptivity for beam
and diffuse radiation

U Overall loss coefficient (W/m*-K)

Greek symbols

o Absorptivity of the absorber plate

B slope or tilt (degrees)

& emissivity of cover for long wave length radiation

& emissivity of absorber surface for long wave length radiation

ni Instantaneous efficiency

o Stefan — Boltzmann constant (W/m?*-K*)

T Transmissivity of the glass cover system

(ta)oy  Average value of transmissivity— absorptivity product for beam and
diffuse radiation

Subscripts

a Ambient s Side

av Average t Top

A Slope T Total

b Bottom fi inlet fluid

B Intercept fo output fluid

c Collector i Instantaneous

co Cover e Effective

p Absorber plate r Radiative
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Figure 1. Schematic diagram of a typical solar air heater.

cludes using different types of collectors in terms of geometry, material
and configuration [3,11,19]. Similarly works have also been reported in
the field of efficiency improvement of solar flat plat collectors [1,4,7,16].
The effect of changing glass cover, single and double pass circulation,
incorporation of barriers dividing the air channel on the collector perfor-
mance, efficiency and exergy analysis are also reported [12,14,20]. Eco-
nomics of some industrial applications of solar air heater as well as case
studies of technical feasibilities are also reported by researchers [8,15].
There are still certain issues concerning the operation of solar air heater
as per users’ suitability.
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From users’ perspective, two distinct operating modes of flat plat
solar collector may be visualized, viz., (i) hot air required at constant
temperature and (ii) hot air required at maximum efficiency of the sys-
tem. For example, supply of hot air at constant temperature is necessary
for drying of crops and vegetables whereas operation of the collector
at the best efficiency is required in case of hybrid system or integrated
renewable energy systems. Ideally, for the first case, the operation may
lead to the reduction of collector efficiency while the second case of
operation may lead to the variation of the air temperature at the outlet
far beyond the required or acceptable range. It is difficult to operate a
solar flat plat collector naturally in either mode continuously due to the
varying (temporal and spatial) nature of input solar radiation. The situ-
ation thus demands for a mechanism or a method which will predict
the behavior of the flat plate collector under varying input conditions so
that some measures can be appropriately taken for getting the intended
output.

Table 1. Major input parameters for solar flat plate collector

(a) Design parameters (b) Environmental (¢) User controlled
parameters parameters

Dimension of the collector Solar radiation (/7), Ambient Mass flow rate (1),
(Gross area A., Length, temperature (77,), Inlet and Slope or tilt (8), Inlet and
Width, Thickness), outlet air temperature in open  outlet air temperature in
Dimension and type of loop mode, (7, 77,). Wind closed loop mode (7},
absorber plate such as area speed, Relative humidity of Tr)
(A,), thickness, materials, ambient air

geometry, absorptivity (@)
and emissivity (¢,), Coss
sectional area of the air duct,
Number of glass covers (M),
Transmissivity (z ) and
emissivity (¢, Spacing
between the covers or
absorber plat and cover (L)

The temperature of air at the outlet as well as the efficiency of a
collector depends on number of parameters. These parameters can be
classified as (a) design parameters, (b) environmental parameters and
(c) user controlled parameters. The performance of the flat plat collector
varies with the changes in either one or all of these parameters (Table 1).
As mentioned earlier, a flat plate solar collector in the forced circulation
mode consists of a device (blower or fan) to facilitate the flow of work-
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ing fluid from inlet to the outlet. The rate of flow has an effect on the
output temperature as well as on performance of the flat plate collector.
This flow rate can be termed as user controlled parameter as it can be ad-
justed through blower. Solar radiation and ambient temperature, which
are controlled by nature, are treated as environmental parameters. The
environmental parameters cannot be manipulated as per users’ choice
while the design parameters, such as, gross area of the collector and
area of the absorber plate, remain fixed for a particular collector. Thus,
for getting collector output as per users’ choice, possible scope lies in
user controlled parameters and suitable ways should be explored for
manipulating these parameters in order to compensate the variations of
the nature controlled environmental parameters. A precise relationship
among the input and output parameters reflecting their physical depen-
dency will be very much helpful for decision making process in output
specific applications. Keeping in view of the above, an attempt has been
made to develop a mathematical relationship to predict the performance
of a solar air heater.

MODELING APPROACH

In the present study, a relationship among the input and output
parameters is explored with the background knowledge of collector
performance for a wide range of operating conditions. The input pa-
rameters consist of design parameters, environmental parameters and
user controlled parameters. Flat plate collectors having known design
parameters such as gross collector area, area of the air flow duct, area
and type of the absorber plate are considered for this investigation. The
environmental parameters considered are the solar radiation, ambient
temperature and fluid inlet temperature in open loop mode. Similarly,
user controlled parameter, i.e., the mass flow rate of air is considered.
The output parameter is the instantaneous efficiency (n;) which de-
pends on both environmental and user controlled parameters. A collec-
tive set of environmental parameters (Tﬁ, T, and I;), user controlled pa-
rameter (ri1) and a fixed set of design parameters (such as Ap, A T, €,
e, M, L) decides the behavior of the collector. For a fixed set of design
parameters, the instantaneous efficiencies are experimentally observed
under given operating conditions (environmental and user controlled
parameters). A model is formulated with the available theory on heat
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transfer along with available experimental data to predict performance
of solar air heater. The theoretical relationship is compared with the
trend of experimental investigation to identify important parameters
in terms of slope and intercept of corresponding plots. Further, these
slopes and intercepts are studied independently at varying flow rates
and fitted into a power curve to obtain two characteristic power equa-
tions, namely, characteristic slope equation and characteristic intercept
equation. Characteristic slope equations and characteristic intercept
equations are collector design specific and are useful for predicting the
performance.

DEVELOPMENT OF THE MODEL

As discussed earlier, the model under the present study deals with
the development of a relationship between the instantaneous efficiency,
n; and the temperature parameter [(T; ~T,)/I7; with respect to mass flow
rate, 1. Experimental data for a collector will be prerequisite for devel-
oping the relationship. The relationship then may be used to estimate
the behavior of the collector at various required mass flow rates. The
procedure is briefly highlighted below.

The instantaneous efficiency of a collector can be expressed follow-
ing the Hottel-Whillier-Bliss procedure [17,20] as,

FA u,(T.,
M= | @ l(f, ’e) M
T

The collector heat removal factor Fy, refers to the thermal resistance
faced by solar radiation in reaching the collector fluid and is given by
the ratio of the actual heat gain rate to the gain if the fluid temperature
through the absorber plate were at T; everywhere. Typical values of Fy
fall in the range of 0 to 1 [17]. F, can be expressed as,

FUA,
1 - exp - mcp (2)

where F is the collector efficiency factor.

‘rhcp
UA,
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Eq. (2) implies that Fj is a function of mass flow rate, specific heat,
overall loss coefficient, absorber plate area and collector efficiency factor.
The variation of F with respect to these parameters can be investigated.
It is observed from the Eq. (2) that for a constant mass flow rate, Fj is de-
pendent on specific heat, overall loss coefficient, and absorber plate area
and collector efficiency factor. For a particular collector, its geometry
remains the same, i.e., it will have constant absorber plate area as well as
gross collector area. Again, the specific heat of air varies with tempera-
ture. For the temperature range from 10 to 93.3°C, ¢, varies from 1.0048
to 1.0090 kJ / kg-K and may be considered as constant at an average value
of 1.0069 kJ /kg-K [20]. The collector efficiency factor F can be expressed
in terms of effective heat transfer coefficient (11,) between the absorber
plate and air stream and overall heat loss coefficient (U,) as

F= (1+ ﬂ)_l ®3)
hS
where
h_.h
h, = |h., + ——L°—
) [ fp+ h"r+ hfb] (4)

and

Uy=U,+U; +U, 5)

U, U, and U, in Eq. (5) represent the bottom loss, side loss and top loss
coefficients respectively. The bottom and side loss coefficients can be
expressed as

U, = = (6)

_ (L1+L2)L3 ki
° Ll Lzas

@)

where £, is the thermal conductivity of insulation (W /m-K), 9, thickness
of the bottom insulation (m), L, and L, length (m) and width (m) of the
absorber plate, L; height of the collector casing (m), 6, thickness of the
side insulation (m). The top loss coefficient U, can be expressed by the
correlation suggested by Malhotra et al [13,17] as
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—1

_ M 1

U, = ( . )(Tm—Ta)0'0252+ E

Tym/\ M+ f )

1 CM+f-1)_,,
{e, + 00425 M (1— ¢,)} €co
9 30 T,
= = 14+ 0.091 M ©)
F= () (Gies) )
204.429 0252
. (cosB) (10)
1024

M = number of glass covers
L = spacing between the covers or absorber plate and cover (m)
h, = wind heat transfer coefficient (W/m?2-K)
Tpm = mean absorber surface temperature (K)
T, = ambient temperature (K)
o = Stefan — Boltzmann constant (W /m?2-K*)
B = slope or tilt (degrees)
g, = emissivity of absorber surface for long wave length radiation
g, = emissivity of cover for long wave length radiation

From Eq. (8) it can be seen that U, depends primarily on the mean
absorber surface temperature, ambient temperature, wind heat transfer
coefficient and flow conditions. The convective heat transfer coefficients
(hfp and hﬂ]) and the radiative heat transfer coefficient 1, are also depen-
dent on the flow condition as well as on the temperature of the absorber
and bottom plate. Considering these variations during the observation
period as negligible Fy, (ta),, U,and F can be treated as constant for the
period of observation.

av’

Modeling Instantaneous Efficiencies of a
Given Collector for Specified Mass Flow Rate

Under the above assumptions, for a particular mass flow rate 7z,
the Eq. (1) can be written as below.
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n: = (— Ai) X;+ B; (11)

where A; represents the negative slope and B, represents the Y —axis in-
tercept for i’ mass flow rate. Expressions for X; A; and B; are provided
below.

X_:

T, —
( fi Ta) l (12)
Ir

A= (%) [Fr, U,] (13)

c

g (Ap(;a)av> [ ] (14)

c

Here the subscript i is used to indicate varying mass flow rate.

Modeling Instantaneous Efficiencies of a
Given Collector for Varying Mass Flow Rates

By performing experiments at different mass flow rates different
sets of values of X;and 7, are obtained. Plotting the values of 1), against
X,, scatter plots are obtained for particular mass flow rate 7, which can
be fitted into a straight line represented by the Eq. (11). From this equa-
tion, the values of A, and B, corresponding to the i" mass flow rate can be
determined.

Experimental results in various literatures have shown the varia-
tions in the slope and intercepts according to the mass flow rates [9, 18].
It is observed that by increasing mass flow rate the slope as well as the
intercept increases. These variations against mass flow rates is best fitted
into a power curve defined by the following characteristic equations

A =D, mFa (15)

B = Dy "B (16)
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where D, E,, Dy and Ej are constants.

Eq. (15) is termed as characteristic slope equation and Eq. (16) is
termed as characteristic intercept equation. The constants D, E,, Dy and
Eg are characteristic model parameters for the collector. Once the char-
acteristic equations (Eq. (15) and Eq. (16)) are defined and characteristic
model parameters (D a Ex Dy and Ejp) are known, A and B for any mass
flow rate 71 can be determined and the corresponding efficiency may be
represented by the following equation

) (Tfi — Ta)

B (17)
IT +

m =

DATA SOURCE FOR MODEL TESTING

In order to test the model, four flat plate solar thermal collectors
(STC1, STC2, STC3 and STC4) were considered. The necessary data (),
X; and respective 11) have been taken from published literature [9,18].
The specification of the collectors taken from literature is provided in
Table 2.

Table 2. Different collectors used for testing the model

Sl. no. Collector  Specification

1 STCI Finned, 1.8 m x 0.7 m with 1 mm thickness, stainless steel used
absorber material, no of glazing 1, air flow area between absorber
plate and back plate 0.0175 m?

2 STC2 V-corrugated (60%, 1.8 m x 0.7 m with 1 mm thickness and the
absorber material used was stainless steel

3 STC3 Flat plate, 1.8 m x 0.7 m with 1 mm thickness and the absorber
material used was stainless steel

4 STC4 Flat plate, air heater dimension 2.03 m x 0.57 m

The flow rates considered for finding out the characteristic con-
stant for the model (Egs. (16) to (21)) are given in the Table 3.

RESULTS AND DISCUSSION

The values of A and B are determined from the efficiency curve for
each flow rate (Table 3) and for each collector (Table 2). These values are



RESIDENTIAL N
ENERGY AUDITING ENERGY AUDITING
AND IMPROVEMENT AND IMPROVEMENT
Stan Harbuck and Donna Harbuck

Here is your complete guide to the effective practice of residential energy
auditing, covering in detail the specific procedures, techniques and standards
practiced within the profession today. The book is intended for use as an
educational resource by energy auditors or residential retrofitters, whether
working in a weatherization program or in the private arena. Specific topics
include the house as a system, the auditor’s tools, weatherization, sealants,
insulation and barriers, retrofitting, heating and cooling, base load, and new
construction. The content of this book is also designed to serve as a prepara-
tory vehicle for auditors seeking to achieve several professional certifications,
including programs offered by BPI, RESNET-HERS, DOE/NREL and AEE.
Appendices provide a wealth of valuable information, covering weatheriza-
tion standards and calculations, math basics, conversion tables, climate data,
insulation assessments, utility bill interpretation and more.

Stan Harbuck and Donna Harbuck

ISBN: 0-88173-726-7

——CONTENTS———
6x9, 660 pp., Illus. 1 - Introduction 7 - Auditing, Planning and Retrofitting
Hardcover 2 - Energy Basics 8 - Work Order Development by the
3 - House as a System Auditor
4 - The Auditor’s Tools and How to Use 9 - Heating and Cooling
$150 Them 10 - Baseload and How to Improve It
Order Code 0694 5 - Weatherization Requirements and 11 - New Construction Energy Evaluations
Similarities in the Private Arena 12 - Building Professional Training and
6 - Sealants, Insulation and Barriers, and Certification
How to Install Them Appendices, Glossary, Index

BOOK ORDERFORM — — — — — — o

@ Complete quantity and amount due for each book you wish to order:

Quantity Book Title Order Code Price Amount Due
Residential Energy Auditing and Improvement 0694 $150.00
@ Indicate shipping address: CODE: Journal 2014 Applicable Discount

Georgia Residents
add 6% Sales Tax

Shipping $10 first book
$4 each additional book 10.00

SIGNATURE (Required to process order) EMAIL ADDRESS

NAME (Please print) BUSINESS PHONE

COMPANY MEMBER DISCOUNTS—A 15% discount is allowed to
AEE members (discounts cannot be combined).
STREET ADDRESS ONLY (No P.O. Box) O AEEMember (MemberNo.______ )

I, STATE, 717 Sond your oxder o [ INTERNET ORDERING
AEE BOOKS www.aeecenter.org/books
Make check payable P.O. Box 1026 S .
' in U.S. funds fo: Lilburn, GA 30048 (use discount code)
Select method of payment: AEE ENERGY BOOKS
[J CHECK ENCLOSED TO ORDER BY PHONE TO ORDER BY FAX
[JCHARGE TO MY CREDIT CARD Use your credit card and call: Complete and Fax to:
O VISA [ MASTERCARD ~ [J AMERICAN EXPRESS (770) 925-9558 (770) 381-9865
SN EEEEEEEN INTERNATIONAL ORDERS
CARD NO. Must be prepaid in U.S. dollars and must include an additional charge
0f $10.00 per book plus 15% for shipping and handling by surface mail.
Expiration date Signature




PUMP USER'’S
HANDBOOK:
LIFE EXTENSION,

FOURTH EDITION
Heinz P. Bloch and Allan R. Budris

Just published in its updated fourth edition, this highly regarded text
explains in clear terms how and why the best-of-class pump users are
consistently achieving superior run lengths, low maintenance expen-
ditures, and unexcelled safety and reliability. Written by practicing
engineers whose working careers were marked by involvement in all
facets of pumping technology, operation, assessment, upgrading and
cost management, this book endeavors to describe in detail how you,
too, can accomplish optimum pump performance and low life cycle
cost. A new chapter on breaking the cycle of pump repairs examines
the cost of failures and the defined operating range of pumps. The

Pump Usér‘s ‘

“Life Extension, Fourth Edition

Heinz P. Bloch
Allan R. Budris

authors also explore mechanical issues, deviations from best available technology, and preventing problems
with oil rings and constant level lubricators. Additional topics include bearing housing protector seals, best
lube application practices, lubrication and bearing distress, and paying for value.

—CONTENTS———

ISBN: 0-88173-720-8 1 Pump System Life Cycle Cost Reduction 9

2 How to Buy & Ship a Better Pump

3 Piping, Baseplate, Installation, & 1(1)
Foundation Issues
8% x 11, 556 pp., Illus. 4 Operating Efficiency Improvement 12
Hardcover Considerations s
5 Improved Pump Hydraulic Selection 14
Extends Pump Life 15
$175 6 Improvements Leading to Pump
Order Code 0684 Mechanical Maintenance Cost Reduction 16
7 Bearings in Centrifugal Pumps -

8 Mechanical Seal Selection & Application

Improved Lubrication & Lubricant
Application

Qil Mist Lubrication & Storage Protection
Coupling Selection Guidelines

Pump Condition Monitoring Guidelines
Pump Types & Materials

Pump Failure Analysis & Troubleshooting
Shop Repair, Spare Parts Availability &
Procurement

Failure Statistics & Component Uptime
Improvement Summary

Breaking the Cycle of Pump Repairs

Appendices, References, Index

BOOK ORDER FORM

@ Complete quantity and amount due for each book you wish to order:

Quantity Book Title Order Code Price Amount Due
Pump User’s Handbook: Life Extension, Fourth Edition 0684 $175.00
@ Indicate shipping address: CODE: Journal 2013 Applicable Discount
Georgia Residents
add 6% Sales Tax
NAME (Please print) BUSINESS PHONE
Shipping $10 first book 10.00
$4 each additional book )
SIGNATURE (Required to process order) EMAIL ADDRESS
COMPANY MEMBER DISCOUNTS—A 15% discount is allowed to
AEE members (discounts cannot be combined).
STREET ADDRESS ONLY (No P.O. Box) O AEEMember (MemberNo.____ )
d der to:
CITY, STATE, ZIP Send your order to: [ INTERNET ORDERING
AEE BOOKS www.aeecenter.org/books
Make check payable PO, Box 1026 (use discount code)
S . in U.S. funds to: Lilburn, GA 30048
elect method of payment: AEE ENERGY BOOKS
[J CHECK ENCLOSED TO ORDER BY PHONE TO ORDER BY FAX
[J CHARGE TO MY CREDIT CARD Use your credit card and call: Complete and Fax to:
O VISA [ MASTERCARD ~ [J AMERICAN EXPRESS (770) 925-9558 (770) 381-9865
Al EEEEE INTERNATIONAL ORDERS
CARD NO. Must be prepaid in U.S. dollars and must include an additional charge
of $10.00 per book plus 15% for shipping and handling by surface mail.
Expiration date Signature




Vol. 29, No. 3 2014 69

Table 3. Flow rates used for estimation of characteristic constants in the model

Slino. Collector Flow rate (kg/m’-s)
1 2 3 4 5
1 STC1 0.0116  0.0248 0.042 0.0472 0.056
2 STC2 0.0154  0.0317  0.0387 0.056
3 STC3 0.0105 0.0317 0.056
4 STC4 0.042 0.055 0.070

fitted against 1 into power curves using spreadsheet (Microsoft EXEL).
The corresponding regression equations in the form of Eq. (15) and (21)
are shown in the Table 4 and Table 5.

Table 4. Characteristic slope equations derived from
experimental data of four different collectors

Sl no. Collector Characteristic slope equation
A =D, mA

1 STCI A = 3.3905 m %20

2 STC2 A =2.0766 m %3

3 STC3 A = 46368 m 13

4 STC4 A =0.0021 m %%

Table 5. Characteristic intercept equations derived from
experimental data of four different collectors

SI no. Collector Characteristic intercept equation
B = D, m"8

1 STC1 B = 23076 m*>%¥7°

2 STC2 B =2.3921 m®3

3 STC3 B = 2.4308 m®3%

4 STC4 B = 0.5088 mn *¢2

The equations as obtained in Table 4 and Table 5 are used to predict
the efficiency at some selected flow rates (0.0317, 0.0248, 0.0438 and 0.055
kg/m?-s for STC1, STC2, STC3 and STC4 respectively). The efficiency
equations for respective collectors are shown in Table 6.

Using the above equations, efficiencies for some representative X-
values are estimated and compared with actual experimental values for
each collector. The comparison can be seen in Figures 2-5.
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Table 6. Efficiency equations at selected flow
rates for four different collectors
S1. no. Collector Flow rate Efficiency equation
(kg/m’-s) n, = (—A)X;+ B,
1 STC1 0.0317 n; = — 6903122 X + 0.670949
2 STC2 0.0248 n; = —6.956121 X + 0.620518
3 STC3 0.0438 n; = —7.162316 X + 0.710966
4 STC4 0.055 n; = —6.601216 X + 0.813969
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Observed and estimated efficiencies of STC1 at 0.0317 kg/m?-s flow rate.

It can be seen from the plots that the model predictions are closer
to the experimental values almost for all the four collectors. However, in
case of STC4 the deviation of the predictive efficiency from the observed
value increases for higher values of X parameter. This may be due the
fact that only three sets of data were considered for determining D ,, D,
E, and Ej in STC4. Also it is observed that the experimental data for X
parameter which were used to determine the efficiency curve at the flow
rate of 0.070 kg/m?-s, falls mostly in the range of 0.015 to 0.02° C/W /m?
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Observed and estimated efficiencies of STC2 at 0.0248 kg/m?-s flow rate.

with a span of about 0.05° C/W /m?. So it may be expected that for bet-
ter estimation by this model, observations with at least 4 to 5 mass flow
rates may be done and the X parameter should be distributed uniformly

over a wide range. The effect of relative humidity on collector perfor-
mance is not considered in this model.

MODEL VERIFICATION AND VALIDATION

As discussed in Section 2, the model is developed using certain
sets of experimental observations and takes into account of four differ-
ent types of collectors. In general, it is seen that the model predictions
reasonably agrees with the observed values. The marginal differences
between observed and predicted values might be due to (i) errors in
assuming some parameters (cp, ut, h,, hﬂ; and ) as temperature inde-
pendent and (ii) errors in neglecting the effects of wind velocity and
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Figure 4.

Observed and estimated efficiencies of STC3 at 0.0438 kg/m?-s flow rate.

relative humidity of air. The required of model prediction is also verified

through standard statistical technique (SPSS 16.0) which is incorporated
in the Figures 2-5.

CONCLUSIONS

The domestic and industrial applications of flat plate solar air
heater have remained limited mainly due to the difficulty associated
with getting constant thermal output. The variations of either efficiency
or output temperature are caused by related uncertainties. The uncer-
tainties of output will have adverse effect on the quantity or quality of
the product in typical applications, viz., drying applications. The model
in this study is expected to predict the behavior of the collector in terms
of efficiency with respect to varying conditions and mass flow rates. The
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Figure 5.
Observed and estimated efficiencies STC4 at 0.055 kg/m?-s flow rate.

collector heat removal factor and the overall loss coefficient are the char-
acteristics of a collector working under a given condition. The present
study correlates these two parameters with measurable characteristic
parameters such as slope and intercept of the performance equation.
Now, the behavior of the device could be examined using the derived
model parameters (D,, Dy, E, and Ej). Further, this model would also
be useful to estimate the required mass flow rate corresponding to the
desired efficiency or output temperature. This will enable to take appro-
priate decision for a given sets of specific temperature or performance ef-
ficiency as per user’s choice. Thus, this model would serve as a decision
making tool for an automatic control mechanism for providing desired
output. In addition to the capability of predicting the performance of a
given collector, this empirical model is also useful to compare different
flat plat collectors.

The ever increasing demand for energy has become a major con-
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cern in India. Continued efforts are being made to exploit renewable en-
ergy sources for various applications to reduce the gap between energy
demand and supply. Assam, a north eastern state of India, has many tea
industries requiring huge amount of thermal energy for different pro-
cesses. These process heat requirements are generally fulfilled by using
conventional energy sources and a suitable solar hot air generator can
substantially reduce the consumption of conventional energy. Experi-
mental setups are being prepared to investigate the validity of the model
under local operating conditions of Assam in order to explore the pos-
sibility of using solar hot air generator in output specific applications.
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