
A new method for the measurement of solar collector

time constant

H.J. Houa,b, Z.F. Wangc, R.Z. Wanga,b,*, P.M. Wangc

aInstitute of Refrigeration and Cryogenics, Shanghai Jiao Tong University, Shanghai 200030, China
bEngineering Center for Solar Power and Refrigeration, MOE China, Shanghai 200030, China

cSolar Energy Lab, Institute of Engineering Thermophysics, Chinese Academy of Sciences,

Beijing 100080, China

Received 24 April 2004; accepted 13 August 2004

Available online 30 November 2004

Abstract

A new test method about the time constant of the solar collector has been presented in this paper. It

is simple and has been validated through experiments. With the new method it is not necessary to

adjust the inlet temperature of the transfer fluid as closely as possible to the ambient air temperature.

Also, it is not necessary to know the characteristic parameters of the collector in advance. The model

used in the paper is a first order system model, as in most cases. The experimental data obtained from

the test of solar collector time constant shows that the solar collector is not a strictly first order

system. A criterion is proposed to decide whether the system is a first order system or not and the

resemblance of the system to the first order system.
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1. Introduction

As one kind of solar energy absorbers, solar collectors usually work outdoors, so they

are subjected to unsteady weather conditions. For example, when a cloud shades the sun

abruptly, the incident solar energy on the collectors abruptly reduces to zero, thus a
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transient driving force is generated on the solar collectors. The collectors then begin to

operate under a transient condition. Thus besides to steady state or quasi-steady state,

transient process also needs to be studied. Time constant is one of the most important

parameters of solar collectors thermal performance under transient condition. It indicates

the response characteristics of solar collector under transient forces. Therefore the solar

collector time constant test is one important part of the thermal performance tests.

Although the time constant of the solar collector can be obtained through the two

established standards: ISO 9806-1 and ASHRAE 93-86 standard, many limitations are

imposed by them. In the two standards, we need to adjust the temperature of the transfer

fluid at the inlet Tf,i as closely as possible (preferably within G1 8C) to the ambient air

temperature Ta otherwise ISO 9806-1standard is invalid or another parameter of the solar

collector FRUL is needed to meet the requirements of ASHRAE 93-86 standard.

2. Test methods about solar collector time constant

Relevant solar collector time constant tests procedures are different in different

standards [1,2], which deal with thermal performance test of solar collectors.

In ISO9806-1 standard [1] the test procedure for collector time constant is described by:

1. Testing shall be performed either outdoors or in a solar irradiance simulator.

2. During the test the solar irradiance on the plane of the collector aperture shall be greater

than 800 W mK2.

Nomenclature

A system amplification coefficient (–)

Ac collector aperture (m2)

Cp specific heat of the heat transfer fluid (J/(kg 8C))

FR solar collector heat removal factor (–)

G solar irradiance (W/m2)

_m mass flow rate of heat transfer fluid (kg/s)

(mc)e effective heat capacity of the solar collector (J/(m2 8C))

T time constant (s)

Ta ambient air temperature (8C)

Tf,i collector inlet temperature (8C)

Tf,o collector outlet temperature (8C)

UL solar collector heat loss coefficient (W/(m2 8C))

Tf,o,initial collector outlet temperature at the beginning of time constant test period

(8C)

Tf,o,N collector outlet temperature at time tZN(8C)

Greek

(ta) effective transmittance absorptance product (–)

t time (s)
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