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Thermal Property Estimation for Building Envelop Based on
Downhill Simplex Method

Jin-Hwa Jeong, Sang-Wook Suh and Young-Tae Chae

Department of Architectural Engineering, Gachon University, Seongnam-Si, Korea

Abstract : Thermal properties of building envelope for existing buildings may not be identical to the design specification
and installed condition due to workmanship, onsite construction errors, and age of building. Therefore, it is very essential
to accurately estimate the properties for improving energy performance and planning building retrofitting and renovation.
This study suggests a novel approach to estimate key thermal parameters based on a numerical optimization algorithm,
downhill simplex method, incorporated with indoor air temperature variance and change of thermal parameters.
Insulation thickness, infiltration, U-factor, and solar heat gain coefficient of window are the estimated variables for a
typical medium-sized office in US reference building models. The numerical model searches the variables to minimize
the difference of the indoor temperature variance between the original parameter model and the estimated parameter
model in minutes for three days of no air conditioning and occupants. The results show that individual parameter
estimation for four variables has converged less than 20 iterations with 99.0% accuracy. Although the iteration extended
to 201 when four variables are simultaneously unknown conditions, estimated values are very close to the original

values under 0.01% of root mean square errors.
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Table 1. Configurations of Target Building

Location Incheon
Shape Rectangular
Orientation North-South
Floors 3
Net-conditioned Area 4,082 m2

Infiltration*

0.00032 m3/s-m2

Wood Siding
(Conductivity = 0.11 W/mK, Thickness = 0.01 m)

External Wall Construction Insulation
(Conductivity = 0.049 W/mK, Thickness* = 0.087 m)
Finishing
(Conductivity = 0.16 W/mK, Thickness = 0.012 m)
Window-Wall-Ratio 33%
. U-value* = 322 W/m2-K
Window System SHGC* = 039

Heating and Cooling System

System: VAV with air terminal units (5 zone)
Operating hours : 06:00~20:00
Indoor set point temperature : 20 °C for heating, 26 °C for cooling

Heat Source

Boiler efficiency : 0.78
Electric Chiller COP: 3.4

* Target variable

Single
Weather Data Envelope Data . estimation
Downhill
Temp./Humid Wall (insulation, ...) Searching |~ SiMplex Combined
Solar radiation Window (u-value, SHGC, ...)  poundary estimation
Sky condition Ventilation/Infiltration (upper/Lower)
« etc « etc
Indoor
Air
Temp.
System type People load/schedule
Set point temp. + Lighting load/schedule
+ Operation schedule '« Equipment load/schedule
etc * etc
Input variable
HVAC Data Operation Data
i Update
[Building Model]
Figure 1. Overall framework of research.
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Figure 2. Outdoor and Indoor temperature variations with direct solar radiation rates in minutes.
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(e) RMS result of four parameter inputs for each iteration

Figure 7. Four estimated parameter inputs and RMS results for each iteration.
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