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Heat Loss Charecterization of Cylindrical Plain 
Receiver of Scheffler Concentrator 

Mahesh M. Rathore 

 

Abstract—Author has developed a protocolfor evaluation of thermal performance of solar steam generating system, using concentrating solar collector 

is being proposed herewith. He has conducted experiment investigation on plain cylindrical receiver employed at focal point of on 16 m
2
Scheffler concen-

trator, generating steam at 10-15 bar (gauge) pressure. At the same time, energy and exergy analysis are used to predict the thermal performance and 

heat loss pattern. The effects of wind velocity on convection heat loss have also been investigated. The effects of operational parameter such as pres-

sure and mass flow rate of steam, wind velocity and structural parameters such as receiver geometry and its inclination are investigated. 

 

Index Terms—Concentrators, testing, quality of steam, concentration ratio, collector efficiency, heat loss pattern, standardization of tests. 

———————————————————— 

1 INTRODUCTION

HE solar concentrators can be classified as line focus 
concentrators and point focus concentrators. The con-
centrating systems include a reflecting surface (collec-

tor), a receiver and a tracking mechanism. The reflecting 
surface may be constructed with the help of low iron glass 
mirror pieces or specially treated metallic surface like 
anodized aluminium sheet. The solar-radiation incident on 
the collector surface is reflected towards the receiver lo-
cated at the focal point/line.  The reflected solar radiation 
is concentrated on the smaller area (receiver) at the focus 
thus increasing energy flux. The working fluid in the re-
ceiver absorbs this concentrated energy thus subjected to 
sensible as well as latent heating. The increased energy 
flux makes the solarenergy meaningful for thermal appli-
cations and power generation.  
Point focus concentrating solar system reflects concen-
trated heat flux at a single point using single or multiple 
reflectors. It attains higher stagnation temperature at the 
receiver, thus point focus solar concentrating cookers are 
gaining popularity because of their capability to deliver 
operations like frying, roasting, stewing steaming and bak-
ing along with boiling. Also they offer faster cooking 
speed competing with conventional cooking appliances. 
The characterization of a concentrator at its operating 
temperature settles appropriatesize and type of concentra-
torforanythermalapplication. 

2    REVIEW OF EXISTING TEST STANDARDS FOR 

SOLAR CONCENTRATORS 

In case of solar concentrating collectors, the receiver is 
exposed to atmosphere without a greenhouse as shown in 
Fig.1. The operating conditions are very much dissimilar 
than those for solar ovens. The solar concentration ratio of 
about 75 gives an operating temperature of 400C [7]. The 
receiver of many concentrators have stagnation 

temperatures above 600oC, Schefflers @ 700oC, Arun @ 
1300oC, PRINCE-250 @ 1000oC etc. Almost all solar 
concentrators operate onmainlylatent heating principle that 
is entirely different from sensible heating behavior. Further, 
the receiver of these concentrators has significant radiation 
losses in addition to convective losses.The radiation heat 
losses are proportional to fourth power of the absolute 
temperature of receiver. For this reason the heat loss 
characterization for concentrating solar collectors are 
complex in nature. 

American Society for Testing of Materials (ASTM) has 
published a Standard Test Method for Determining Ther-
mal Performance of Tracking Concentrating Solar Col-
lectors [1]. This test standard appears more universal and 
appropriate for different designs of line and point concen-
trators. Further, this standard is suitable for outdoor con-
ditions and is valid only; if there will no phase change of 
working fluid. This test standard can only be used for 
sensible heating regimes and steam generation will not fall 
under purview of this standard. 

Kundapur and Sudhir [2], Mullick S.C. et al. [3] have also 
proposed new world standard for testing solar cookers 
which has consideration of nine parameters including er-
gonomics, cooking test, user interaction and cost.   

Shaw [4] worked extensively to analyze the development 
of a comparative framework for evaluating the perfor-
mance of solar cookers and compared test standards pro-
posed by various researchers. He reported that no test 
standard protocol satisfies all the criteria that a user ex-
pects and thus, the proposed one more standard that ac-
counts for technical parameters like efficiency along with 
other parameters like reproducibility, understandability 
and objectivity.  

Pillaiet al.[6] have also used  above procedure for evalua-
tion performance of a Scheffler concentrator of 16 m2  and 
got realistic results. Sardeshpandeet al. [7] have developed 
a procedure to observe the performance of a 25 m2 solar 
concentrator. Their results appeared to be reasonable, con-
sistent and satisfactory. These both the trials were con-
ducted with latent heat exchange only; not with sensible 
heat exchange. 

T 
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3 HEAT LOSS PATTERN 

Authors conducted rigorous experimentation on 16 
m2Scheffler collector used for direct steam generation. He 
found that the performance of concentrating collector is 
very sensitive to design parameters and operating condi-
tions. The task of development a test protocol for standar-
dization and certification is challenging. All these develop-
ments indicate that there is a urgent need of improvement 
in test standards for solar concentrating collectors. 
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Fig.1 Principle of point focus concentration 

4  NEW PROPOSAL FOR TEST PROTOCOL 

 
Proposed test standard deviates from conservative philos-
ophy of recording heat gain in sensible heat regimes only. 
Instead author proposed a test protocol with the latent 
heat interaction as in most of practical situations. Prime 
reasons for this change of approach are discussed here-
with. 

 The sensible heat gain is recorded in transient state. 

Temperature is not constant. Its measurement is prob-

lematic and leads to error proneness. The magnitude of 

temperature depends on the location and position of 

thermocouple in the receiver. The convective current in-

side the fluid causes time delay in actual heat gain and 

reported temperature rise.  

 In case of latent heat transaction, the minimum instru-

mentation is required: measurement of solar radiation, 

ambient temperature, operating pressure and weight 

lost of working fluid. The weight of water lost by evapo-

ration can be measured very precisely. The total heat 

supplied can be obtained by adding sensible heat to la-

tent heat. These parameters are more judicious to esti-

mate the thermal performance as well as heat loss cha-

racterization of the system. 

Authors have tried to provide a new test setup as shown 
in Fig. 2, which can take care of all limitations as well as to 
serve a very reliable method for testing, performance pre-

diction, monitoring and verifications programs. Further, it 
is recommended that the experimentation for evaluation 
of thermal performance must be carried out when sky is 
clear and solar radiation intensity Ibn is above 550 W/m2 
and average wind speed during test duration should be 
less than 3 m/sec. 

4.1 Principle of operation 

The proposed method is based on steam generation at con-
stant pressure and hence is very close to practical situa-
tions. The heat energy supplied to working fluid is used to 
change the phase of water. The operating pressure of work-
ing fluid regulates boiling temperature. The product of 
dryness fraction of steam and enthalpy of vaporization is 
the amount of heat supplied for phase change of one kilo-
gram of water.   

4.2  Test Setup 

The proposed experimental setup consists of a 16 
m2parabolideScheffler Reflector dish fitted with low iron 
glass mirror. The system has geometric concentration ratio 
of 81, but its optical concentration ratio varies from 58 to 75 
with seasonal variations.  A mild steel structure supports 
the reflector dish and sun tracking system. The tracking 
system swivels the reflector throughout the day to ensure 
maximizes solar radiation on to the reflector.   

A steam generating receiver is installed at the focus point to 
receive the concentrated solar heat flux, which in turn 
transferred to water present in the receiver. The receiver is 
equipped with pressure relief valve, an air vent and mois-
ture separator. A steam/water tank supplies water to receiv-
er and stores generated steam. 
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Fig.2. Proposed setup for evaluation of thermal performance of di-

rect steam generating solar concentrators   

The operating pressure can be set with the help of pressure 
relief valve. If pressure of generated steam exceeds the op-
erating pressure, some quantity of steam escapes to bring 
the steam pressure down.  The air vent removes the air and 
dissolved gases during initial heating of water. A moisture 
separator is mounted between receiver and pressure relief 
valve to avoid moisture droplets carry over with steam. 
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The instrumentation includes pressure and temperature 
sensors, solar radiation intensity measurement, anemome-
ter, infrared thermometer, water level indicator and water 
quantity measurement arrangement etc.  

5 CALCULATIONS 

The energy balance on Scheffler concentrator and receiver 

is shown graphically in Fig. 3. 
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Fig.3 Energy balance on concentrator receiver system 

Energy incident on Scheffler dish  
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Where Ibnis  average of beam normal radiation over one 

hour test period. 

Under steady state condition, the useful energy delivered 
by solar collector is equal to energy absorbed by working 
fluid.  Actual mass of water evaporated during test period,  

  ms =  m1 m 2  

The total heat energy of steam coming out electrical calori-
meter  

sup

3600

s

s

m h
Q


   (kJ/h)   (2) 

Electrical work input,    

Qelect  = electW 3600

1000
  (kJ/h)   (3) 

Useful heat energy gain rate at receiver during test period 
can be obtained as  

 Qu  =QsupQelect     (kJ/h)   

The quality of steam can be obtained as  

13600

3600

( )w pw sat

u

s fg

m C T T
x Q

m h

 
   

 
(kJ/h) (4) 

Where x is dryness fraction of steam and hfgis latent heat for 
water at operating pressure, in kJ/kg. 

The thermal efficiency of collector system is defined as ratio 
of useful energy on the receiver to the energy incident on 
the concentrator 

Collector efficiency,      

Heat gain rate at receiver

Heat incident rate on collector
u

c

s

Q

Q
     (5) 

Further, useful energy can also be expressed as difference 
of energy falling onto receiver, Qr, and heat losses from the 
receiver, QL . 

 QL  =QrQu    (6) 

The concentrated solar energy reaching on the receiver Qr 
depends on the optical efficiency ηo of collector, which may 
be defined as 

Energy delivery rate on receiver

Energy incident rate on concentrator's aperture
r

o

s

Q

Q
   (7) 

The optical efficiency depends on optical characteristic of 
material and geometry used for collector. It also accounts 
cosine loss, shading loss, reflection loss, transmission and 
absorption losses and energy spillage.  Optical efficiency of 
most of collectors falls in range of 0.70 to 0.85 [13]. Further, 
the system efficiency can be defined as 

Useful energy gain rate by  receiver

Energy incident rate on receiver
u

system

r

Q

Q
    (8) 

Combining eqs (3)  (6), the collector efficiency can be in-
terpreted as  

u r u
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(9) 

It is evident from eqn.(9), the thermal efficiency of collector 
is function of optical efficiency and total heat loss rate from 
the receiver.  

5.1 Calculation of Heat Losses 

The total heat loss rate QL from the receiver is sum of con-
ductive, convective and radiative heat losses from the re-
ceiver surface. Mathematically; 

QL = Qcond  +Qconv+ Qrad            (10) 

The outer surface of the receiver is covered with thick glass 

wool insulation to minimize the conductive heat loss and it 

is insignificant compare to convective and radiative losses 

[17]. Therefore, authors consider outer receiver wall adia-

batic (Qcond  = 0) in this study. 

The convection heat losses from receiver are most compli-

cated phenomenon. It includes free and forced convections 

and contributes major portion of heat losses. The characte-

ristic of convection heat losses is investigated by many re-

searchers [7-14] and developed various laboratory models 

for estimation of natural convection heat losses. Paitoon-

surikarnet. al.[15] developed an angle dependent correla-

tion for estimation of convection heat loss from receiver 

that is 
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Where     GrL= 
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andan angle dependent function 

0.8324( ) 1.1677 1.0762sin( )h       

In our experimental arrangement, the plain/cavity cylin-

drical receivers are mounted vertical, thus the characteristic 

length is considered diameter of receiver. All properties of 

air are taken at film temperature; i.e average of receiver‘s 

surface temperature and ambient temperature. 

The convective heat transfer coefficient can be obtained as 

 fNuk
h

L
    (12) 

and convective heat loss from receiver 

 Qconv = h Ar(Tw T∞)   (13) 

The radiation heat loss from the receiver can be obtained as 

 Qrad =  4 4

r wA T T     (14) 

5 RESULT AND DISCUSSION 

The heat losses from the receiver at different operating 
temperature is determined from eqn.(6). The conduction 
heat losses are considered negligible and radiation heat 
loss from plain cylindrical receiver is calculated from 
eqn.(14). The remaining heat loss is assumed convection 
heat loss, which is presented in table 1.  The heat transfer 
coefficient is obtained by using empirical relation eqn. 
(11) and is used to obtain calculated values of convection 
heat losses. 
 
Table.1Comparison convection heat loss between calculated and 

experimental values   

Tw=150°C  Tw=200°C      Tw=250°C  

ɸ 

(°)  

Q1 

(W) 

Q2 

(W) 

Error 

%  Q1 (W) Q2 (W) 

Error 

%  Q1 (W) 

Q2 

(W) 

Error 

% 

0 144.1 125 15.2  175.9 155.8 12.9  208.2 165.2 26.2 

15 101.4 86.2 17.6  123.7 100 23.7  146.4 126.5 15.7 

30 70.9 62.6 13.2  86.6 70.8 22.3  102.5 92.6 10.7 

45 47.2 41.2 14.6  57.6 48.6 18.5  68.2 56.8 20.1 

60 29.6 30 -1.3  36.2 38.2 -5.2  42.8 48.6 -11.9 

75 18 19.8 9.1  22.0 25.4 13.4  26.0 30.8 -15.6 

90 12.2 12 -1.7  14.8 15.2 -2.6  17.6 23.0 -23.5 

 
Q1 = calculated value and Q2 = experimental measured value 

Further, it is evident that the experimental and empirical 
values of convection losses closely agree, but as operating 
temperature increases, the error in estimation becomes wi-
den from 0-30 receiver tilt and then it decreases.    

Matlab 7.0 is used to analyse the data with different possi-

ble polynomial curve fitting. Derived equation with poly-

nomial curve fitting 

Qconv = 47.86×V0.285×0.0772×T0.632with  R2 value of 88.2% 

 

Fig. 4Convection heat loss pattern with wind direction at 150C 

 

 
Fig. 5Convection heat loss pattern with wind direction at 200C 

 

Fig. 6Convection heat loss pattern with wind direction at 250C  
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6 CONCLUSIONS 

Only a few researchers have attempted to estimate the con-
vection heat losses through cylindrical cavity receiver and 
some have developed mathematical models in windy at-
mosphere. Further, at high operating temperature, the radi-
ation heat losses are also considerable, even at higher tem-
perature; the radiation heat loss is dominated over convec-
tion heat transfer. A rigorous work is required to develop a 
mathematical model for estimation of radiation losses.    

Proposed test standard provides useful information to be 
reported to all stakeholders. Thermal performance test, are 
to be performed by the ‗Test Centers‘.   

 The solar concentrators have huge potential for conven-
tional fuel saving opportunity and cooking capability, thus 
interest to prospective beneficiary organizations.  The tech-

nical data generated from the test will be useful for policy 
makers like GACC (Global Alliance for Clean Cookstoves), 
UNDP (United Nations Development Programs) and for 
governments especially in Asia and Africa. Data generated  

can be used for generation as well as validation of projects 
for CDM and similar carbon trading mechanisms.  
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 = reflectivity of surface 

 = emissivity of surface 

 = Stefan Boltzmann Constant, 

 = difference in quantity, 

 = tilt angle of receiver, radian 
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