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Technical Note

A flat-plate calorimeter for concentrated solar flux evaluation
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Abstract

In order to evaluate the energy arriving at the focus of a solar concentrator named DEFRAC (from its Spanish acronym, Device for

the Study of Concentrated Radiative Fluxes) a calorimetric study was carried out. We studied the heat transfer in the receiving plate of a

calorimeter; the distribution of temperatures during the transient and steady states were obtained both theoretically and experimentally.

We show that the calorimeter is close to ambient temperature which validates the use of the cold water calorimetry technique. Since the

heat losses are reduced it is possible to increase the exactitude and precision during the thermal evaluation. Based on an energy balance,

the solar energy absorbed by the receiver of the DEFRAC and the global heat losses to the environment are quantified.

r 2008 Elsevier Ltd. All rights reserved.
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1. Introduction

In 1995, a solar concentrating system named DEFRAC
(Spanish acronym for Device for the Study of Highly

Concentrated Radiative Fluxes) [1] was developed in The
Center for Energy Research of the National Autonomous
University of Mexico in order to support basic and applied
research on concentrating technologies. DEFRAC (Fig. 1)
is a point focus solar concentrator with an equatorial solar
tracking system. It consists of two frames: One is used as
the main structural support and the other one, of
hexagonal shape, holds 18 first surface parabolic mirrors.
Each mirror measures 30 cm in diameter and is made of
aluminized glass with an average reflectivity of 0.95 over
the solar spectrum. They are arranged in three sets of six
mirrors each, the sets have different focal distances, with
values close to 2m. The total area of the reflectors is
1.27m2. The axis of the hexagonal frame is supported by
two lateral bearings, attached to the main frame. The main
frame has an electric motor, sensors and a control
mechanism to follow the sun with a high degree of
accuracy. The mean radiative flux concentration of the

DEFRAC is close to 3000 suns, with a peak above 4750
suns, around a spot with 2.5 cm in diameter [2].
In previous works, the dynamic and optical character-

izations [3–6], as well as the study of the thermal behavior
[7–10] of DEFRAC have been carried out. In addition, the
mean concentration factor of the system was estimated by
using a flat-plate calorimeter (FPC) that was built
specifically for this task [8,11]. Recently, in order to
improve the thermal evaluation of the DEFRAC some
modifications were carried out in the experimental system:

� Measurement of the mass flow rate of water with a
smaller uncertainty. The calorimeter instrumentation
was modified in order to obtain better exactitude during
the evaluation of the heat transferred from the receiving
plate to the water flow.

� Copper is used to construct the receiver plate of the
calorimeter. In previous works a stainless steel plate (AISI
316 Fe/Cr18/Ni10/Mo3) was used to absorb the concen-
trated solar energy. Since cooper presents a greater heat
diffusivity (a=117.6� 10�6m2/s) [12] than stainless steel
(a ¼ 3.48� 10�6m2/s) [12] it is possible to increase the
fraction of heat transferred to the water and diminish the
temperature of the irradiated surface of the plate.

� The surface exposed to concentrated solar energy was
painted with a well-characterized coating. The copper
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