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0 National Foreword

This draft Tanzania Standard has been prepared by the Renewable Energy Technical
Committee, under the supervision of the Electrotechnical Divisional Standards
Committee (EDC)

This draft Tanzania Standard is an adoption of the International Standard 1SO 9459-1
Solar heating-Domestic water heating systems-Part 1. Performance rating
procedure using indoor test methods which has been prepared by the International

Organization for Standardization (ISO).

1 Terminology and conventions

Some terminologies and certain conventions are not identical with those used in
Tanzania standards; attention is drawn especially to the following: -

1) The comma has been used as a decimal marker for metric dimensions. In
Tanzania Standards, it is current practice to use “full point” on the baseline as the
decimal marker.

2) Where the words “International Standard(s)” appear, referring to this standard
they should read “Tanzania Standard(s)”.
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3.23 heat exchanger: Device specifically designed
to transfer heat between two physically separated
fiuids. Heat exchangers may have either single or
double walls.

3.24 heat transfer fluid: Fluid that is used to trans-
fer thermal energy between components in a system.

3.25 irradiance: Power density of radiation incident
on a surface, i.e. the radiant flux incident on a surface
divided by the area of that surface, or the rate at
which radiant energy is incident on a surface per unit
area of that surface.

NOTE 3  Solar irradiance is often termed “incident solar
radiation intensity”, “instantaneous insolation”, or “incident

radiant flux density”; the use of these terms is deprecated

3.26 load: Daily system hot water load defined as
the product of the mass, specific heat and tempera-
ture increase of the water as it passes through the
solar hot water system.

3.27 potable: Suitable for human consumption;
drinkable.

3.28 precision: Measure of the closeness of agree-
ment among repeated measurements of the same
physical quantity.

3.29 preheating: See solar preheat system [5.1b)].

3.30 pyranometer: Radiometer for measuring the
irradiance on a plane receiver surface which results
from the radiant fluxes incident from the hemisphere
above within the wavelength range 0,3 pm t© 3 um.

NOTE 4 The spectral range given represents roughly the
spectral range of solar radiation {also called solar or short-
wave range} at the ground and is cnly neminal. Depending
on the material used for the domes which protect the re-
ceiver surface of a pyranometer, the spectral limits of its
responsivity appreximate to the limits mentioned above.

3.31 pyrgeometer: Instrument for determining the
irradiance on a plane receiving surface which results
from the radiant fluxes incident from the hemisphere
above within the approximate wavelength range
4 um to 50 pm.

NOTE & The given spectral range is nearly identical with
that of so-called terrestrial radiation or long-wave radiation,
and is only nominal. Depending on the material used for the
domes which protect the receiving surface of a
pyrgeometer, the spectral limits of its responsivity approxi-
mate to the limits mentioned above.

3.32 pyrheliometer: Radiometer for measuring di-
rect (solar} irradiance which results from the radiant
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fluxes incident from a well-defined solid angle whose
axis is perpendicular to the plane receiver surface.

NOTE 6  According to this definition pyrheliometers are
applied to the measurement of direct solar irradiance at
normal incidence. The field-of-view angle of pyrheliometers
ranges typically from 6° to 10°.

3.33 solar energy: Energy emitted by the sun in the
form of electromagnetic radiation (primarily in the
wavelength range 0,3 pm to 3 um), or any energy
made available by the reception and conversicn of
solar radiation.

3.34 solar contribution: Ratio of the energy sup-
plied by the solar part of a system to the total load of
the system.

3.35 solar noon: Local time of day, for any given
location, when the sun is at its highest altitude for that
day, i.e. the time when the sun crosses the ob-
server's meridian.

3.36 solar radiation: Radiation emitted by the sun,
practically all of which is incident at the earth's sur-
face at wavelengths less than 3 pm; often termed
“short-wave radiation”.

3.37 solar irradiance simulator: Artificial source of
radiant energy simulating solar radiation {usually an
electric lamp or an array of such lamps).

3.38 solar storage capacity: Quantity of sensible
heat that can be stored per unit volume of store for
every degree of temperature change.

3.39 solar hot water system: Complete assembly
of subsystems and components necessary to convert
solar energy into thermal energy for the heating of
water; may include an auxiliary heat source.

3.40 standard air: Air weighing 1,204 kg/rn3 which
approximates dry air at a temperature of 20 °C and a
barometric pressure of 101,326 kPa

3.41 standard barometric pressure: Barometric
pressure of 101,325 kPa at 0 °C.

3.42 storage device (thermal): Container(s) plus all
contents of the container(s) used for storing thermal
energy.

NOTE 7  The transfer fluid and accessories such as heat
exchangers, flow switching devices, valves and baffles
which are firmly fixed to the thermal storage container(s} are
considered a part of the storage device.

3.43 storage tank volumetric capacity: Measured
volume of the fluid in the tank when full.
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3.44 temperature, ambient air: Temperature of the
air surrounding the thermal energy storage device or
solar collectors being tested.

3.45 time constant: Time required for a first-order
system to change output by 63,2 % of its final change
in output following a step change in input.

3.46 thermopile: Set of thermocouples wired con-
sistently in series or parallel to measure small or av-
erage temperature differences.

4 Symbols and units

W

Gy

collector module aperture area, in
square metres;

intercept of the collector efficiency
curve determined in accordance with
collector tests, dimensionless;

slope of the collector efficiency curve
determined in accordance with collector
tests, in kilojoules per hour square me-
tre degree Celsius [kJ/(h-mz-"C)];

gross collector area, in square metres;

specific heat of the transfer fluid used in
the collector during the collector tests,
in kilojoules per kilogram degree Celsius
[kJ/(kgC)J;

specific heat of the transfer fluid used in
the collector during the sclar hot water
system test, in kilojoules per kilogram
degree Celsius [kd/{kg-°C)];

specific heat of water, in kilojoules per
kilogram degree Celsius [kJ/(kg-°C}T;

nozzle throat diameter, in metres;

collector absorber plate efficiency factor,
dimensionless;

collector heat removal

dimensionless;

factor,

beam irradiance from solar irradiance
measured in a plane parallel to the col
lector aperture, in kilojoules per square
metre hour [ij(mz-h)];

diffuse irradiance from solar irradiance
measured in a plane parallel to the col-
lector aperture, in kilojoules per square
metre hour [ka(mz-h)];
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total {global) irradiance incident upon the
aperture plane of the collector, in
kilojoules per square metre hour
[k (m?h)3;

incident angle modifier, dimensicnless;

number of rows of collecter modules in
parallel in the collector array,
dimensionless;

mass flowrate of the transfer fluid
through the collector during the collector
tests, in kilograms per second;

mass of the jth withdrawal of water, in
kilograms;

mass flowrate of the transfer fluid
through the collector array during the
solar hat water system test, in kilograms
per second;

number of collector modules in series in
each parallel row in the collector array,
dimensionless;

daily energy consumed for auxiliary
heating in the sclar hot water system, in
kilojoules;

daily system hot water load defined as
the product of the mass, specific heat,
and temperature increase of the water
as it passes through the solar hot water
system for the case of no solar energy
input, in kilojoules;

thermal losses from sclar system during
the test day, in kilojoules;

daily system hot water load defined as
the product of the mass, specific heat,
and temperature increase of the water
as it passes through the solar hot water
system for the case of solar energy in-
put, in kilojoules;

rate of energy output from the collecter
loop heater in series with the non-
irradiated solar collector array (if used),
in kitcjoules per hour;

daily energy consumed for parasitic
power by pumps, controls, solenoid



© 150

Qouteut

O

0

sf

ki

fpm

Ip,m,non

valves, etc. in the solar hot water sys-
tem, in kilojoules;

energy output from the collector loop
heater (if used) during the test, in
kilojoules;

daily net energy supplied by sofar energy
for the system during the test day, in
kilojoules;

rate of useful heat output from the col-
lector, in kilojoules per hour;

rating number which is the ratio of the
auxiliary plus parasitic energies to the
daily system load during the sclar day
[{Qaux + Cpar) /1], dimensionless;

fraction of hot water load supplied by
solar energy, dimensionless;

ambient air temperature, in degrees
Celsius;

ambient air temperature in the labora-
tory during the system test, in degrees
Celsius;

ambient air temperature specified for
the test solar day, in degrees Celsius;

temperature of the transfer fluid enter-
ing the coliector, in degrees Celsius;

temperature of the transfer fluid leaving
the collector, in degrees Celsius;

mixed temperature of the water with-
drawn from the solar hot water system,
in degrees Celsius;

mean plate temperature of the collector
absorber, in degrees Celsius;

mean plate temperature of the collector
absorber under non-rradiated  con-
ditions, in degrees Celsius;

ultimate desired hot water delivery tem-
perature after the addition of sup-
plemental energy, in degrees Celsius;

mixed temperature of the jth withdrawal
of water to the load, in degrees Celsius;

Fmain

U

Subscripts
NS

S
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mixed temperature of the jth withdrawal
of water from the solar tank, in degrees
Celsius;

temperature of the incoming cold water
supply to the solar hot water system, in
degrees Celsius;

collector heat transfer loss coefficient, in
kilojoules per hour square metre degree
Celsius [kJ/{h-m?C)];

total volume draw as determined from
no-solar-input test, in litres;

no solar energy input;

solar energy input;

Greek symbols

Oy

Pq
Tn

(12)en

n
)
i=1

absorptance of the coliector absorber
coating tc the solar spectrum at normal
incidence, dimensionless;

angle of incidence between the direct
solar beam and the normal to the col-
lector aperture, in degrees;

angle of incidence between the beam
irradiance from the solar irradiance
simulator and the normal to the collector
aperture, in degrees;

specular reflectance of the cover plate
assembly at an incident angle of 60°,
dimensionless;

transmittance of the cover plate as-
sembly to the solar spectrum at normal
incidence, dimensionless;

effective transmittance—absorptance
product for the collector at normal inci-
dence, dimensionless;

summation over all water withdrawal
periods during a test day.

5 System classifications

Solar domestic hot water systems are classified by
seven attributes, each divided into two or three cat-
egories. The categories of each attributed are defined
as shown in table 1.



