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Appendix I

The international standard for making artificial seawater
The current standard is named ASTM D1141-98 (the original standard was ASTM
D1141-52) and describes the standard practice for the preparation of substitute ocean
water. ASTM International, founded as the American Society for Testing and Materials,
is a nonprofit organization that develops and publishes approximately 12,000 technical
standards, covering the procedures for testing and classification of materials of every
sort.
Artificial Sea Water Solution
Material

Composition (g/L)

NaCl

24.53

MgCl2

5.20

Na2SO4

4.09

CaCl2

1.16

KCl

0.695

NaHCO3

0.201

KBr

0.101

H3BO3

0.027

SrCl2

0.025

NaF

0.003

Water

988.968

Total

1025
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Appendix II

Nanofluid preparation
To prepare the nanofluid of a certain volume fraction in a base fluid, the mass of the
nanoparticles required was calculated using the bulk density of the material and added
to the base fluid
e.g. to prepare copper nanofluid with particle concentration of 0.3% (by volume) in 100
ml water
Density of copper = 8.96 g/ml
Mass of Cu nanoparticles required in 100 ml water = 0.3 ml * 8.96 g/ml = 2.688 g
Therefore, 100 ml, 0.3 volume% Cu nanofluid = 2.688 g Cu nanoparticles + makeup
water = total solution volume 100 ml

295

Appendix III

Sample calculation for determination of solar energy absorption efficiency
This efficiency ( ) was taken as the ratio of absorbed radiation to the total radiation
incident on the nanofluid solution.

Where, m1 is mass of initial nanofluid volume in kg, c p is specific heat of fluid, T1 is
initial temperature of fluid in 0C, T2 is final temperature of fluid in 0C, m2 is mass of
of vaporization of liquid in J/kg, It is solar
intensity in W/m2, Ac

r

fr

is reflectivity of solar collector,
t

is transmissivity

of glass vessel, t is experiment time in seconds.
e.g. solar energy absorption by using copper nanofluid (0.3%) in water
m1 = density x volume of water = 1 (g/ml) x 200 ml = 200 g = 0.2 kg
cp = 4186 J/kg.K
T1 = 350C
T2 = 1000C
m2 = density x volume of water = 1 (g/ml) x 44 ml = 44 g = 0.044 kg
It = 886 W/m2
Ac = 1.5 m2
r

= 0.85

fr = 0.7
t

= 0.9

t = 10 min = 10 x 60 = 600 sec
Therefore,

Efficiency of solar energy absorption

= 36%
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Appendix IV

Concentration (in weight %) of ethanol-water mixture versus specific gravity at
various temperatures

Note: Numbers obtained from Table 3-110 (pg. 3th

Edition
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