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Abstract: Module temperature is modeled using a transient heat-flow model. Module temperature predicted in this fashion is important in the calculation of cell temperature, a vital input in
performance modeling. Parameters important to the model are tested for sensitivity, and optimized to a single day of measured module temperature using simultaneous non-linear least squares
regression. These optimized parameters are then tested for accuracy using a year’s worth of data for one location. The results obtained from this analysis are compared with modeled data from a

different site, as well as to results obtained using a steady-state model.

Models Sensitivity and Optimization Results

The transient model [1] simulates module temperature as a balance between * Most important parameters to the model were found to be C,ouue @ and A fyrceq * The transient model was used to simulate one month’s (March 2011) worth of
incoming heat and heat losses from electrical conversion, radiation, and * Arelationship between h,_ .., and wind speed was proposed, where hy,, ., = constant: module temperature data in Albuguerque, NM using the parameter values
convective heat transfer. he forcea = hrorcea X WS optimized for Lanai.
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The simpler steady-state model [2] uses the same weather data as does the Parameter Initial Value Lower - Upper Bounds Optimized Value éaas ,& \ E‘%
H
transient model, and includes empirically-determined coefficients (a and b, both Crnodule 18,276 J/K 3,000 — 300,000 22,280 J/K 2 sl b“ =80
less than zero) to form a relationship between the weather inputs. a 0.6 0-0.38 0.8 209 L\\‘ =
D forced 9.8x WS 1-50 10.65x WS R S S T R B8 0 1 1 1 1B 2
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Ui ambient * The model was tested using the optimized parameter values for most days in Lanai e A
¢ The negative bias in the temperature errors seen for the steady-state model

in 2010 for which there was data available; the RMSE between predicted and

measured module temperature is shown below for each day of the year, using the will result in generally higher module temperatures and consequently lower

predicted module efficiency.

Data initial values (‘uncalibrated’) and the optimized values (‘calibrated’).
¢ One year’s worth of data collected from tracking cSi modules in Lanai, HI, at 1- H
second intervals. —Caibrated COnC|USIOnS
* Measured weather inputs include global horizontal and plane-of-array | EE— 1 ¢ The transient model best captures the variability in module temperature compared
irradiance, wind speed, and ambient temperature. 7 | i ;‘H ‘ F "‘* with a steady-state model.
» Measured module temperature data is used to quantify the accuracy of G‘fw (‘“ | i h Wrw TR i M“ | ””‘W * The transient model works best when calibrated for a specific location.
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