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Spectral Calculation of Transmittance Using Correlations between Absorption Coefficient
and Radiation Intensity and Air Mass on Salt Water Solutions as Working Fluid of Solar
Pond
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Abstract

With respect to four kinds of salt water solutions used as working fluid of a solar pond, such as
sodium chloride, potassium chloride, calcium chloride and magnesium chloride - water solutions,
the absorption properties were analyzed in the ranges of 0.3~0.2 ¢ m of wavelength and 0 ~25 W%
of salt concentration. Two correlation equations between the absorption coefficient and salt
concentration, and between the intensity of incident ray and air mass(An) were derived every
monochromatic wavelength. Using these two correlations, the total transmittance which is the most
important property of solar pond working fluid could precisely be calculated against normal
incident ray with changing concentration and A.. The result calculated by this numerical method
was well compared with the standard calculation for each salt-water solution with uniform
concentratiom. The coefficients of the correlation equations were arranged as a data - base, so that
the total transmittance of the solar pond with a salt gradient layer could easily be calculated for the
various surrounding conditions.
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Key words:Solar energy, Salt gradient solar pond, Spectral transmittance, Total transmittance,
Absorption coefficient, Salt concentration, Air mass, Correlation equation.
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Fig.l Schematic structure of a solar pond with
salt gradient layer
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L., BEARBL.BLUTHNRE (FHE) Lo
BeRD. J—HEY FIZAH LEAIERESER
VR EEDZEWE I ATREESh, KBIZEET
WF TRV F—FHEEDREN0.4~0.6 1nD FEH
<“H5. DIACEREIEICIOHERIESRZENT

1To7=.

3.1 HET-—FOEE

HEF— 5 FHEDEOBEREDRE TN YF
FET RV, ARECBW TRERRORERL &
2 ELERESDHEAN2ERCS 3D, TORED
53 L N OREBEIRIEERT o CRELL, &
SRR TET LT LE. BEHEOT —F NEIET
SR 3 BB R (8 T E Lanbert K & A W TR
BBk EEHTEILTHS. THDD

ka=—1nt )\/ L ( 1 )
.20 -
1.2 Z  NaCl
‘@ KCI
Measurements < ]
Lo asur. ts | O Mgcl A
R < -
" ® cacCl, e
—— NaCl Ee
R i KCI “/
egression ] — "
3 0.80 curves | ----- MgCl, 7
b
~ —-— caCl, o
- -
0.60 Wavelength B
< -
Y A=0.5um -1_/

0 5 10 15 20 25

Cc %

X2 4 FEIEKEHIC A T 2 BEX(A=0.5un)D
k 2 £ COEEIRERR
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Table 1 Coefficient of correlation Eq.(2) for four kins of water-solution

a Y

A _um C1 KC1 MgC12 CaCl2 NaCl HgC12 CaCl2 NaCl KC1 MgCl2 CaCl2
.40 f1.479E-01 |1.474E-01 [1.521E-01 |1.380E-01 |-3.240E-0: -7.900E-04 [3.329E-02 [-4.0 -8.600E-0 1.400E-04 | 1.113E-0:
.41 1.243E-01 |1.242E-01 [1.283E-01 [1.201E-01 {-3.350E-0 4.000E-05 [2.726E-02 |-3.800E- -8.500E-0 1.050E-04 | 1.306E-03 |
.42 |1.001E-01 |9.880E-02 [1.051E-01 |[1.017E-01 }-3.320E-0 3.600E-04 .340E-02 |-1.600E~ -B.500E-0 1.120E-04 | 1.535E-0:
.43 19.30 02 |9.510E-02 [9.680E-02 [9.200E-02 |-5.660E-0: -2.360E-03 [2.003E-02 | 7.900E-05 |-1.300E-0. 2.070E-04 | 1.641E-0:
.44 |8.460E-02 [8.390E-02 [8.710E-02 |8.480E-02 |-4.530E-03 -2.140E-03 [1.985E-02 | 4.900E-05 |-5.100E- 1.850E-04 | 1.408E-03
.45 |8.470E-02 [8.510E-02 [9.000E-02 [8.620E-02 [-4.910E-03 -3.980E-03 |1.867E-02 | 6.700E-05 |-6.900E- 2.790E-04 | 1.33BE-03
.46 I& 10E-02 [8.850E-02 [8.580E-02 [8.860E-02 |-5.710E-03 -3.730E-03 [1.748E-02 | 1.000E-04 |-1.700E 3.000E-04 | 1.305E-03
.47 ]8.180E-02 .480E-02 [8.290E-02 [8.540E-02 }-5.190E-03 " -2.230E-03 |2.031E-02 | 8.500E-05 |-1.000E 2.720E-04 | 1.010E-03
0.48 |8.530E—02 B8.810E-02 [8.670E-02 |8.460E-02 {-4.480E-03 -1.210E-03 |2.422E-02 | 7.200E-05 |-4.700E-05 | 2.550E-04 | 6.860E-04
0.48 |8.900E-02 [9.340E-02 |8.760E-02 [8.380E-02 |-3.420E-03 -3.400E-04 |2.547E-02 | 2.800E-05 |-1.900E-05 | 2.450E-04 | 5.850E-04
0.50 |9.650E-02 [1.000E-01 |9.720E-02 [9.060E-02 {-4.220E-03 1.620E-03 .632E-02 | 5.300E-05 |-1.500E-05 | 1.810E-04 | 4.970E-04
0.51 1.078E-01 {1.074E-01 |1.096E-01 [1.055E-01 |-2.740E-03 1.310E-03 .657E-02 |-3.100E-05 [-3.500E-05 | 2.030E-04 | 4.720E-04
0.52 |1.251E-01 [1.233E-01 [1.242E-01 [1.236E-01 |-3.6B0E-03 2.970E-03 .554E-02 | 4.400E-05 | 2.800E-05 | 1.350E-04 | 5.050E-04
.53 .238E-01 |1.234E-01 [1.253E-01 {1.219E-01 {-1.460E-03 7.140E-0: .770E- -3.400E-0. 3.400E-05 |-8.000E-06 | 4.160E-04 |

| 0.54 .360E-01 [1.352E-01 [1.367E-01 [1.318E-01 {-9.800E-04 6.850E-0: .804E- -5.400E-0 5.800E-05 7.000E-06 | 3.950E-04
.55 .46BE-01 |1.481E-01 [1.502E-01 {1.411E-01 {-2.200E-04 1.550E-0 .820E- -8.100E-0. 3.700E-05 | 0.000E+00 | 3.870E-04 |
.56 .527E-01 {1.537E-01 [1.502E-01 |1.481E-01 | 3.000E-05 9.080E-0: .927E- -8.200E-05 [-5.700E-05 [-4.200E-05 | 3.460E-04
.57 {1.605E-01 [1.576E-01 |1.632E-01 |1.542E-01 | 2.900E-04 | 1.029E-02 | 1.111E-02 |3.090E-02 |-6.900E-05 |-9.000E-05 |-9.200E-05 | 2.B00E-04
0.58 |1.838E-01 |1.815E-01. [1.838E-01 [1.759E-01 {-8.000E-05 | 9.510E-03 | 1.180E-02 |[3.136E-02 |-6.400E-05 [-4.900E-05 |-1.030E-04 | 2.510E-04
0.59 |2.255E-01 |2.250E-01 [{2.240E-01 [2.150E-01 [ 1.010E-03 [1.027E-02 | 1.211E-02 [3.224E-02 [-1.070E-04 [-7.300€-05 |-1.050E-04 | 2.130E-04
060 13.108E-01 [2.932E-01 |3.011E-01 [2.986E-01 | 2.460E-03 1.205E-02 1.247E-02 [3.258E-02 |-1.820E-04 |-1.120E-04 [-1.150E-04 | 1.860E-04
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Table 2 Coefficients of correlation Eq.(5) for
Moon’ s incident spectrum

A um s e < n
0.40 1.392E+03 |-5.180E-01 |-3.070E-02 | 7.010E-03
041 |1.720E+03 [-6.110E-01 [ 7.380E-02 |-8.550E-03
042 |1.832E+03 |-4.200E-01 |-1.660E-02 | 2.750E-03
3 0.43 1.009E+03 |-3.940E-01 |-2.560E-02 | 4.220E-03
. [0.44 |2.012E+03 |-3.240E-01 |-3.860E-02 | 5.210E-03
3 0.45 |2.099E+03 |-2.750E-01 |-5.250E-02 6.980E-03
. 046 |2.160E+03 [-2.700E-01 |-3.730E-02 | 5.190E-03
0.47 |2.186E+03 {-2.500E-01 [-4.030E-02 | 5.540E-03
: 0.48 |2.145E+03 |-2.450E-01 |-2.600E-02 | 3.030E-03
: 0.49 |2.112E+03 |-2.240E-01 |-2.900E-02 | 3.610E-03
: 0.50_|2.082E+03 [-2.180E-01 |-2.670E-02 | 3.290E-03
0.51 2.008E+03 [-1.920E-01 |-3.170E-02 | 3.830E-03
3 0.52 1.978E+03 |-1.950E~01 |-2.730E-02 | 3.370E-03
0.53 1.960E+03 |-1.950E-01 [-2.650E-02 | 3.460E-03
= 0.54 1.946E+03 |-1.870E-01 |-2.800E-02 | 3.620E-03
055 |1.937E+03 |-1.930E-01 |-2.450E-02 | 3.280E-03
: 0.56 1.928E+03 |-1.990E-01 |-2.050E-02 | 2.810E-03
‘\ 0.57 1.908E+03 [-1.950E-01 |-2.110E-02 | 2.B40E-03
£ 0.58 1.879E+03 |-1.880E-01 |-2.260E-02 | 3.000E-03
0.59 1.870E+03 |-1.950E-01 |-1.830E-02 | 2.580E-03
= 0.60 1.846E+03 |-1.850E-01 |-2.130E-02 | 3.100E-03

: T
! i Dotted line : Moon's Spectrum
Solid line: Correlation curve
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Fig.6 Comparisons of incident intensity cor-
related by Eq.(5) with Moon’s spectrum
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Fig.8 Results of total transmittance calculated
by correlation equation for 3m depth in
NaCl gradient layer.
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