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ABSTRACT

KEYW ORD

This study aimed at developing and evaluating performance of the two logics for respectively operating two-position-
and variable-heating systems. Both logics control the heating system and openings of the double skin facade buildings
in an integrated manner. Artificial neural network models were applied for the predictive and adaptive controls in order
to optimally condition the indoor thermal environment. Numerical computer simulation methods using the MATLAB
(Matrix Laboratory) and TRNSYS (Transient Systems Simulation) were employed for the performance tests of the
logics in the test module. Analysis on the test results revealed that the variable control logic provided more comfortable
and stable temperature conditions with the increased comfortable period and the decreased standard deviation from the
center of the comfortable range. In addition, the amount of heat supply to the indoor space was significantly reduced by
the variable control logic. Thus, it can be concluded that the optimal control method using the artificial neural network
model can work more effectively when it is applied to the variable heating systems.
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Table 1. Basic Measurement Conditions for Calculating TDRo

Measuring TDRo

element

Indoor Indoor temperature within 2m away from the internal
temperature | wall surface (°C)

Outdoor .
temperature Applying the outdoor temperature upon measurement

Interior surface
temperature

Exterior surface| Distribution of outer surface temperature of measured

temperature | area
+ Ambient wind speed : Calculated TDRo upon 2 m/s
» Maximum wind speed for TDRo measurement :
Stopped the measurement when it was below 3m/s
Wind velocity or above 3nvs
» Measurement of the wind speed around the building
is necessary(TDRo calibration is necessary in line
with wind speed)
Measurement Measurement can be done right before sunrise when
T the impact of insolation is minimized, but the shooting
ime
was done at least 8 hours after sunset.
Weather TDR was calculated only when the difference between
conditions the indoor temperature and average temperature during
the past 3 ambient days was at least 10°C.
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Table 3. Overview of Measurement Target

Meaélrlrgzlglent Bult Year Totz;lre;loor HOI};::ZZOM Floor type ﬁ?ﬂgg Meizru;?tmnt Bult Year Tot:iezgoor Hogiggold Floor type Iriza&tli(l)lg
(m’) (m’) (m’) (m’)
CASE 1 1978 128992 | 162 ~ 226 | Walk up Central CASE 44 2000 106,787 59 Walk up District
CASE 2 1984 41,989 83 ~ 109 | Walk up Central CASE 45 2000 172,823 49 ~ 84 | Walk up District
CASE 3 1984 52,505 84 Walk up | Individual CASE 46 2000 78,757 49 ~ 59 | Walk up District
CASE 4 1985 110,354 46 ~ 47 Walk up | Individual CASE 47 2001 99,640 75 ~ 84 Walk up District
CASE 5 1986 81,133 74 ~ 86 | Walk up District CASE 48 2001 28,201 59 ~ 84 Walk up District
CASE 6 1986 109,365 63 ~ 126 | Walk up Central CASE 49 2001 99,837 84 Walk up District
CASE 7 1986 29,415 39 ~ 46 | Walk up | Individual CASE 50 2001 18,994 39 ~ 49 Hallway District
CASE 8 1986 21,687 38 ~ 47 Walk up | Individual CASE 51 2001 109,194 49 ~ 59 | Walk up District
CASE 9 1987 19,035 59 ~ 79 Hallway | Individual CASE 52 2001 272 99 ~ 118 | Walk up District
CASE 10 1987 93,282 54 ~ 75 Hallway District CASE 53 2002 90,565 40 ~ 59 | Walk up District
CASE 11 1987 123,671 61 ~ 75 Walk up District CASE 54 2002 78,205 84 Walk up District
CASE 12 1987 114,785 54 ~ 75 Walk up District CASE 55 2002 53,700 66 Walk up District
CASE 13 1988 18,421 25 ~46 | Walk up | Individual CASE 56 2003 105,708 75 ~ 84 | Walk up District
CASE 14 1988 55,720 51 ~79 Walk up | Individual CASE 57 2004 121,539 75 ~ 84 Walk up District
CASE 15 1989 23,355 51 ~ 59 Walk up | Individual CASE 58 2004 79,033 49 ~ 62 Hallway District
CASE 16 1989 14,864 39 ~ 46 | Walk up | Individual CASE 59 2004 119,018 75 ~ 84 | Walk up District
CASE 17 1989 52,474 39 ~ 47 Walk up | Individual CASE 60 2005 24,740 51 Walk up District
CASE 18 1990 65,720 39 ~ 46 | Walk up | Individual CASE 61 2006 48,409 52 ~ 66 Hallway District
CASE 19 1990 30,236 39 ~ 46 | Walk up | Individual CASE 62 2006 73,557 46 ~ 59 | Walk up District
CASE 20 1990 61,290 75 ~ 84 | Walk up | Individual CASE 63 2006 82,624 36 ~ 51 Walk up District
CASE 21 1990 26,496 39 ~ 46 | Walk up | Individual CASE 64 2006 57,518 51 ~59 | Walk up District
CASE 22 1991 44,862 39 ~ 47 Walk up | Individual CASE 65 2006 17,645 39 ~ 46 Hallway District
CASE 23 1991 87,995 38 ~ 44 Hallway Central CASE 66 2008 59,403 36 ~ 52 | Walk up District
CASE 24 1992 41,545 39 ~ 47 Walk up | Individual CASE 67 2008 49,693 46 ~ 51 Hallway District
CASE 25 1992 25,828 31 Hallway District CASE 68 2008 81,190 36 ~ 56 | Walk up District
CASE 26 1992 39,019 52 ~ 84 | Walk up | Individual CASE 69 2008 131,993 75 ~ 84 | Walk up District
CASE 27 1992 70,470 33 ~ 49 Hallway District CASE 70 2008 31,913 66 Hallway District
CASE 28 1992 73,223 36 ~ 49 Hallway Central CASE 71 2008 72,937 36 ~ 51 Walk up District
CASE 29 1992 59,333 54 ~ 106 | Walk up | Individual CASE 72 2009 49,632 74 ~ 84 | Walk up District
CASE 30 1992 28,198 37 ~ 84 | Walk up District CASE 73 2009 45,233 74 ~ 84 | Walk up District
CASE 31 1993 121,520 84 Walk up District CASE 74 2009 66,333 75 ~ 84 | Walk up District
CASE 32 1994 76,184 80 Hallway District CASE 75 2009 53,607 74 ~ 84 | Walk up District
CASE 33 1997 53,784 49 ~ 59 Hallway District CASE 76 2009 71,437 36 ~ 51 Hallway District
CASE 34 1997 295,717 49 ~ 59 Walk up District CASE 77 2010 42,000 85 Walk up District
CASE 35 1997 141,199 49 ~ 59 Walk up District CASE 78 2010 92,404 36 ~ 59 | Walk up District
CASE 36 1997 88,704 49 ~ 59 Walk up District CASE 79 2010 108,955 36 ~ 59 | Walk up District
CASE 37 1998 48,269 59 Walk up | Individual CASE 80 2010 93,230 59 Walk up District
CASE 38 1998 60,283 59 ~ 84 Walk up | Individual CASE 81 2011 86,833 26 ~ 51 Hallway District
CASE 39 1998 40,303 38 ~ 49 Hallway | Individual CASE 82 2011 54,240 46 ~ 51 Walk up District
CASE 40 1999 113,728 49 ~ 59 Walk up District CASE 83 2011 76,376 36 ~ 51 Walk up District
CASE 41 1999 115,784 49 ~ 59 Walk up District CASE 84 2012 56,207 74 ~ 84 | Walk up District
CASE 42 1999 85,470 49 ~ 59 Walk up District CASE 85 2012 81,850 74 ~ 84 Walk up District
CASE 43 1999 125,099 49 ~ 59 Walk up District CASE 86 2012 115,998 74 ~ 84 | Walk up District
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Table 4. Overview of Measurement Date
Date 2014.01.01 ~ 2014.01.31 3.2. 984S Hr7F 9@ dda)g BEX4y)
Time AM 02 ~ 06
Day when the diffelrencel(t))eéween indoor and outdoor A AAG 7S o mhet o7 2 W HH 2R E
temperature was at least 10° == =91 =63 = o3 2] TF Al A
W?Eler Day when the wind speed was below 3m/s 5730t om, 2k AISdH 5 TDRo, AL, dif dALA T,
condrtions Day when the amount of clouds was below 7 (clear) HHl-8 A 2HE th=2f Table 5o Uephd.
Excluding rainy or snowy days and the next day
Table 5. Analysis of TDRo & Heating Cost of Measurement Target
Exterior Convective ; ; Exterior Convective : :
Meatsurement te%te(iggre surface TDRo heat transfer hse ear;SIftl)llli Hecztsl?g Measurement te%gggre surface TDRo heat transfer }i 2;51;1311; Hi?)tsl?g
arget C) temperature coefﬁczlent (W/m’) | (/) target C) temperature coeﬁ'lczlent (W/m)| (/)
(§©) (W/m'K) O (W/m’K)
CASE 1 -7.50 -4.40 -0.105 6.02 22,60 | 2,285 CASE 44 -4.00 -1.20 | -0.108 5.34 16.14 | 981
CASE 2 -10.10 -5.00 -0.159 6.36 41.07 | 1,623 CASE 45 -5.20 -3.60 | -0.069 5.51 9.83 1,065
CASE 3 -7.20 -5.60 -0.055 6.36 12.89 - CASE 46 -3.00 -1.40 | -0.064 5.34 9.22 946
CASE 4 3.30 5.20 -0.102 6.02 13.85 - CASE 47 2.90 4.30 -0.073 - 8.07 707
CASE 5 2.80 4.70 -0.099 6.36 15.30 858 CASE 48 -9.00 -7.40 -0.052 5.34 9.22 946
CASE 6 -5.70 -4.30 -0.051 5.68 9.14 1,748 CASE 49 -9.50 -8.50 | -0.032 5.68 6.53 808
CASE 7 -4.50 -3.60 -0.034 5.34 1.15 - CASE 50 -10.10 -9.10 | -0.031 5.68 6.53 697
CASE 8 -3.80 -3.20 -0.023 5.34 3.46 - CASE 51 -9.50 -8.90 |-0.019 5.34 3.46 898
CASE 9 -6.80 -1.80 -0.174 5.34 28.82 - CASE 52 -9.10 -8.70 | -0.016 6.36 3.22 687
CASE 10 -4.90 -1.40 -0.130 5.34 20.17 950 CASE 53 1.20 3.20 -0.096 5.17 11.53 | 1,087
CASE 11 -5.00 -4.30 -0.026 5.34 5.76 940 CASE 54 -3.00 -0.70 | -0.092 5.34 13.26 758
CASE 12 -4.60 -4.30 -0.011 5.34 1.73 987 CASE 55 -3.40 -1.60 | -0.071 5.34 10.37 734
CASE 13 -7.50 -2.70 -0.163 5.68 31.33 - CASE 56 2.80 4.90 -0.109 5.17 12.10 | 913
CASE 14 -6.00 -3.80 -0.079 6.02 16.04 - CASE 57 -10.50 -7.10 | -0.105 6.02 24.79 861
CASE 15 -7.70 -4.30 -0.114 5.34 19.60 - CASE 58 -9.50 -7.50 | -0.063 5.34 11.53 685
CASE 16 -4.30 -3.00 -0.049 6.36 10.47 - CASE 59 -9.30 -8.00 | -0.042 5.34 7.49 704
CASE 17 -7.20 -6.10 -0.038 5.34 6.34 - CASE 60 -9.50 -740 | -0.067 7.21 20.92 754
CASE 18 2.80 5.50 -0.141 5.17 15.56 - CASE 61 -10.90 -7.70 | -0.097 6.02 23.33 622
CASE 19 -4.30 -2.30 -0.076 5.34 11.53 - CASE 62 -4.40 -3.00 | -0.053 5.68 9.14 708
CASE 20 -7.60 -5.60 -0.068 5.68 13.05 - CASE 63 -3.90 -2.70 -0.046 5.34 6.92 677
CASE 21 -7.00 -5.80 -0.041 5.34 6.92 - CASE 64 -9.70 -8.70 | -0.032 5.68 6.53 980
CASE 22 -8.00 -3.80 -0.140 6.70 37.03 - CASE 65 -9.50 -9.40 | -0.003 5.34 0.58 539
CASE 23 2.50 5.20 -0.138 5.17 15.56 | 1,985 CASE 66 -10.90 -7.20 | -0.112 7.04 35.45 534
CASE 24 2.80 5.40 -0.135 5.17 14.98 - CASE 67 -11.30 -8.80 | -0.075 5.34 14.41 501
CASE 25 3.40 4.90 -0.081 5.85 10.36 641 CASE 68 -10.90 -8.60 | -0.070 8.40 29.04 565
CASE 26 -7.80 -5.60 -0.074 7.72 24.44 - CASE 69 -10.90 -9.00 | -0.058 5.34 10.95 861
CASE 27 -6.90 -5.20 -0.059 5.34 9.80 1,230 CASE 70 -11.00 -9.30 | -0.052 7.38 17.58 514
CASE 28 -9.30 -8.10 -0.038 5.34 6.92 1,783 CASE 71 -10.50 -9.80 | -0.022 7.72 7.78 688
CASE 29 -6.80 -6.10 -0.024 6.02 5.10 - CASE 72 -10.50 -7.10 | -0.105 5.68 22.19 657
CASE 30 -6.80 -6.40 -0.014 5.68 2.61 1,060 CASE 73 2.40 4.40 -0.102 5.85 13.82 670
CASE 31 -6.10 -4.80 -0.046 5.68 8.48 1,030 CASE 74 2.40 4.40 -0.102 5.17 11.53 568
CASE 32 -6.50 -6.20 -0.011 5.68 1.96 786 CASE 75 -10.00 -7.80 -0.069 6.70 19.40 659
CASE 33 -7.70 -5.30 -0.081 5.34 13.83 976 CASE 76 3.80 4.30 -0.027 5.34 2.88 511
CASE 34 -3.70 -1.80 -0.074 7.04 18.20 884 CASE 77 -4.00 -0.30 | -0.165 5.34 21.32 942
CASE 35 -7.00 -6.10 -0.031 6.36 7.25 980 CASE 78 -4.70 -1.80 | -0.109 7.38 30.00 560
CASE 36 -3.20 -2.60 -0.024 5.34 3.46 973 CASE 79 -4.80 -2.10 | -0.101 5.17 15.56 537
CASE 37 -3.50 -0.60 -0.114 7.04 27.83 - CASE 80 -5.10 -3.60 | -0.055 5.34 8.65 676
CASE 38 -4.60 -3.60 -0.038 6.36 8.05 - CASE 81 -4.20 -3.00 | -0.046 6.02 6.92 537
CASE 39 -3.90 -3.40 -0.019 5.34 2.83 - CASE 82 -8.30 -7.70 | -0.020 5.68 3.92 520
CASE 40 -5.00 -1.20 -0.156 6.70 33.50 | 1,041 CASE 83 -8.00 -8.00 0.000 6.02 0.00 488
CASE 41 -4.60 -1.90 -0.102 5.68 17.62 895 CASE 84 2.40 3.60 -0.061 5.51 7.37 717
CASE 42 -3.20 -0.80 -0.095 6.02 17.50 904 CASE 85 -9.40 -8.20 | -0.038 5.34 6.92 743
CASE 43 -7.00 -6.60 -0.014 5.34 2.31 999 CASE 86 -8.10 -7.20 -0.030 6.36 7.25 513
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Table 6. Analysis of TDRo & Sensible heat flux of Built Year

Sensible heat flux
TDRo 2o
Built Year (W/m**C)
Min |Average| Max Min |Average| Max
Under 1985 -0.055 | -0.106 | -0.159 | 12.89 25.52 41.07
1985 ~ 1989 | -0.011 | -0.078 | -0.174 1.15 13.08 31.33
1990 ~ 1994 | -0.011 | -0.072 | -0.141 1.96 12.29 37.03
1995 ~ 1999 | -0.014 | -0.068 | -0.156 2.31 13.85 33.50
2000 ~ 2004 | -0.016 | -0.065 | -0.109 322 10.21 24.79
2005 ~ 2009 | -0.003 | -0.064 | -0.112 0.58 14.85 3545
More than 2010, 0.000 | -0.063 | -0.165 0.00 10.79 30.00
S Sensible heat flux(Min) K sensible heat flux(Average) " Sensible heat flux(Max)
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Under 1990 982 1,043 1,078 oA Costostimaton 400
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2000~2004 778 950 1,239 1 6 n 16 21 26 3 36
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Fig 7. Analysis of Heating cost Estimation
More than 2010 579 716 1,070
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