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ANSI/ASAE S423.1 MAR2014 
Revision approved April 2014 as an American National Standard 

Thermal Performance Testing of Open-Looped Solar Ambient Air 
Heaters with Defined Inlet and Outlet Conditions 

Developed by the ASAE Solar Energy Committee; approved by the ASAE Structures and Environment Division 
Standards Committee; adopted by ASAE December 1991; approved as an American National Standard 
February 1993; reaffirmed by ASAE December 1996; reaffirmed by ANSI March 1998; reaffirmed by ASAE 
December 2001, January 2007, reaffirmed by ANSI January 2007; reaffirmed by ASABE and ANSI February 
2012; revised March 2014; revision approved by ANSI April 2014. 

Keywords: Heaters, Solar, Testing 

1 Purpose and Scope 

1.1 The purpose of this Standard is to provide a method for testing the thermal efficiency of open-looped solar 
air heaters which are used exclusively for heating ambient air.   The test data should provide a basis for 
computing technical performance and for comparing efficiency of collectors of different design and/or 
construction. Examples of use of solar ambient air heaters are preheating of ventilation air, heating make-up air 
for all types of environmental control systems, and heating of air to dry agricultural products without 
recirculation. 

1.2 This test procedure simplifies the testing equipment needs, procedures and computations as compared to 
the currently recognized methods, for example, ANSI/ASHRAE Standard 93-2010, Method of Testing to 
Determine the Thermal Performance of Solar Collectors. 

1.3 The scope of this Standard is restricted to collectors which have a fixed orientation and slope during the 
test and are used exclusively for heating ambient air with defined inlet and outlet conditions. 

1.4 This Standard provides the method for using a 6 h continuous test consisting of twenty-four 15 min test 
periods. 

2 Normative References 

The following referenced documents are indispensable for the application of this document. For dated 
references, only the edition cited applies unless noted. For undated references, the latest approved edition of 
the referenced document (including any amendments) applies. 

2.1 ANSI/ASHRAE 93-2010, Method of Testing to Determine the Thermal Performance of Solar Collectors 

2.2 ASAE D271.2 APR1979 (R2010), Psychometric Data 

3 Definitions 

3.1 collector aperture area (Aa): The maximum projected area of the solar collector through which the solar 
radiation is admitted, m2 (ft2). The area does not include partitions between collectors, framing and insulation. 
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3.2 surface Azimuth Angle (γ): Fixed solar collectors situated in the northern hemisphere are normally 
oriented due south. In this case, the surface azimuth angle is equal to zero. If the solar collector is oriented 
east or west of this direction then specify the solar surface azimuth angle. 

3.3 collector slope (β): The collector slope is the angle between the plane of the collector absorber and a 
horizontal surface, in degrees. A common slope for fixed collectors is equal to the latitude of the collector 
location. 

3.4 continuous data: Data taking is considered continuous if the instrument measures and records data 
once each minute or more frequently. 

3.5 daily efficiency (ηd):  The collected energy of the collector for the test day divided by the total solar 
energy incident on the gross collector area for the same test day, dimensionless. This equation is given below. 

( ) ( )
( ) 100
kWhcollectorthebydintercepteenergysolar

kWhcollectedenergyusefulactual
% ×=dη  

3.6 other efficiency calculations (ηx): The collector efficiency is calculated for a given test period. The 
efficiency is the ratio of the collected energy from the collector per test period divided by the total solar energy 
incident on the gross collector area for the same test period (also dimensionless).   Efficiency for short time 
periods (such as one test period, see paragraph 3.13) shall not be used as an efficiency value unless the 
collector has quasi-steady state heat flow as indicated by constant efficiency (± 1%) for 4 continuous test 
periods. 

3.7 useful energy collected (Qu): The amount of energy collected by the solar air heater per unit of time 
shall be computed from the specific heat of air flowing through the measuring device multiplied by the mass 
flow rate of air and by the temperature rise of the air from entrance to exit of the collector, kW (Btu/hr). This is 
given in the equation below. 

)( ,, ifofpfu ttCmQ −=  

where:   

Qu = useful energy collected, kW (Btu/h) 

mf = mass flow rate of air, kg/s (lb/hr) 

Cp = specific heat of air, kJ/kg °C (Btu/lb °F) 

tf,o = average outlet air temperature, °C (°F) 

tf,i = average inlet air temperature, °C (°F) 

3.8 mass flow rate (mf): The mass flow rate of air entering (mf,i) and exiting (mf,o) the solar collector, kg/s 
(lb/s). This is also given in the equation below. 

pvAmf =  
where:    

ρ = density of air, kg/m3 (lb/ft3) 

v = average air velocity, m/s (ft/s) 

A = cross sectional area, m2 (ft2) 

Mass flow of air is estimated from measuring the air velocity and the cross sectional areas. The density is 
calculated from the ideal gas equation shown in section 7.1.1 and corrected for temperature and pressure and 
humidity ratio. 
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