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]−→
T = −→f (t)

Conduction Elements
Interior Convection Elements
Exterior Convection Elements
Solar (direct & diffuse)
Conv. + Rad. ⇒ Room Element
Ventilation Elements
Internal Mass (e.g. Furniture)
All rolled into:
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]
d
−→
T
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S(−→T , t)

]−→
T = −→f (t)
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1. Predictive optimal controller for external shading

15 March, Atlanta ga
Troomair = 24◦C

Building Simulation (Prof. Godfried Augenbroe)                                                                                   Yeonsook Heo

Result 2 (Date: 3/15)

Xopt:  tdown=13.40,  tup=18.00

2592.4592858.0152426.489f value

0.000816.02618.814Cooling Load (Wh)

2592.4591925.4142404.988Heating Load (Wh)
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!

M(t)
"
d
−→
T
dt +

!

S(−→T , t)
"−→
T = −→f (t)

Stochastic Variables:

Ventilation volume ßow rate
úV = úVbase + úVscale · windspeed

úVbase ∈ [10m3

h
, 20m3

h
]

úVscale ∈ [5m2s
h

, 7m2s
h

]

Solar gain thru 2-pane window
Gainsolar = 1 − ρouter − αouter − αinner

ρouter ∈ [0.1, 0.2]

αouter ∈ [0.1, 0.3]

Internal Mass
croom = Mf · Vroom · cair

Mf ∈ [2kg
m3 , 5kg

m3 ]

Monte Carlo, sampling stochastic
variables from uniform
distributions
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2. Uncertainty analysis of monthly cooling loads

July Cooling Load, Atlanta ga
Troomair ≤ 24◦C
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3. Inverse problem: infiltration rate estimation

“Measured” data created by simulating with infiltration rate given
by
V̇ = a + b(windspeed) with a = 30, b = 20

Estimates of a and b calculated by minimizing∫ end
0 (Tmeasured − T (a, b))2dt

Result: a = 32.3, b = 23.9
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4. Optimal design of radiator valve settingsParameters

Simulation period: 1st-30th, December
Location: Atlanta
Timestep: 1h
Valve setting: [X,Y,Z]=[4,-38,30]
T_set: 26C

Nodes: 1 2 25 26 N/A
Time/h Internal temp/C External temp/C Hot water inlet/C Radiator temp/C Valve flow percentage/%

0 20.0 7.2 20.0 20.0 0.0
1 19.5 0.0 80.0 54.5 100.0
2 19.3 0.0 80.0 54.4 100.0
3 19.1 0.0 80.0 54.3 100.0
4 19.0 0.0 80.0 54.3 100.0
5 18.9 -0.6 80.0 54.2 100.0
6 18.8 0.0 80.0 54.2 100.0
7 18.8 0.0 80.0 54.2 100.0
8 18.7 0.0 80.0 54.1 100.0
9 19.4 -1.1 80.0 54.3 100.0

10 20.1 -1.7 80.0 54.6 100.0
11 20.9 -2.2 80.0 54.9 100.0
12 21.6 -2.8 80.0 55.2 100.0
13 22.6 -2.2 80.0 55.5 100.0
14 21.6 -2.2 80.0 27.2 8.2
15 22.6 -1.7 80.0 55.6 100.0
16 21.0 -1.7 80.0 27.0 8.2
17 21.5 -1.7 80.0 55.3 100.0
18 20.8 -1.7 80.0 55.1 100.0
19 20.4 -2.2 80.0 54.9 100.0
20 20.0 -3.3 80.0 54.7 100.0
21 19.8 -3.3 80.0 54.6 100.0
22 19.6 -3.9 80.0 54.5 100.0
23 19.4 -3.9 80.0 54.5 100.0
24 19.2 -4.4 80.0 54.4 100.0
25 19.0 -4.4 80.0 54.3 100.0
26 18.8 -5.6 80.0 54.2 100.0
27 18.5 -6.1 80.0 54.1 100.0
28 18.4 -5.6 80.0 54.1 100.0
29 18.2 -6.1 80.0 54.0 100.0
30 18.0 -6.7 80.0 53.9 100.0
31 17.8 -6.7 80.0 53.8 100.0
32 18.1 -5.6 80.0 53.9 100.0
33 21.7 -3.3 80.0 55.1 100.0
34 26.1 -0.6 80.0 56.6 100.0
35 28.5 1.7 80.0 26.9 0.0
36 31.5 3.3 80.0 29.7 0.0
37 34.1 5.6 80.0 32.3 0.0
38 36.0 6.7 80.0 34.4 0.0
39 36.9 6.7 80.0 35.5 0.0
40 36.8 6.7 80.0 35.8 0.0
41 35.1 5.6 80.0 34.7 0.0
42 31.5 4.4 80.0 31.8 0.0
43 29.0 2.8 80.0 29.6 0.0
44 27.9 2.2 80.0 28.4 0.0
45 27.2 2.2 80.0 27.6 0.0
46 26.5 1.7 80.0 26.9 0.0
47 26.0 2.2 80.0 26.4 0.0
48 25.5 2.2 80.0 25.9 0.1
49 24.9 1.1 80.0 26.3 1.3
50 24.5 1.1 80.0 26.8 2.6
51 24.1 1.1 80.0 27.1 3.6
52 23.7 1.1 80.0 27.4 4.5
53 23.5 2.2 80.0 27.7 5.4
54 23.4 3.9 80.0 27.9 5.9
55 23.0 2.8 80.0 27.8 6.2
56 23.3 3.9 80.0 28.5 7.0
57 26.7 4.4 80.0 30.4 6.5
58 30.4 5.6 80.0 29.2 0.0
59 34.2 9.4 80.0 32.6 0.0
60 37.5 10.6 80.0 35.7 0.0
61 40.2 12.2 80.0 38.4 0.0
62 42.2 13.9 80.0 40.5 0.0
63 43.3 14.4 80.0 41.9 0.0
64 43.0 12.8 80.0 42.0 0.0
65 40.2 10.6 80.0 40.0 0.0
66 36.5 10.0 80.0 37.1 0.0
67 34.7 9.4 80.0 35.3 0.0
68 33.7 8.3 80.0 34.3 0.0
69 32.8 6.1 80.0 33.3 0.0
70 32.4 8.3 80.0 32.8 0.0
71 31.7 6.7 80.0 32.1 0.0
72 31.2 7.2 80.0 31.6 0.0
73 30.7 7.2 80.0 31.1 0.0
74 30.3 7.8 80.0 30.7 0.0
75 30.0 8.9 80.0 30.4 0.0
76 29.6 8.3 80.0 30.0 0.0
77 29.1 7.2 80.0 29.5 0.0
78 28.6 6.1 80.0 29.0 0.0
79 28.2 6.1 80.0 28.6 0.0
80 28.0 7.2 80.0 28.3 0.0
81 27.9 7.8 80.0 28.2 0.0
82 28.0 7.8 80.0 28.2 0.0
83 28.8 7.8 80.0 28.8 0.0
84 31.4 8.3 80.0 30.9 0.0
85 30.7 8.3 80.0 30.6 0.0
86 29.5 8.9 80.0 29.8 0.0
87 29.9 8.9 80.0 29.9 0.0
88 28.9 7.2 80.0 29.2 0.0
89 28.1 6.7 80.0 28.5 0.0
90 27.4 6.1 80.0 27.8 0.0
91 26.8 5.6 80.0 27.2 0.0
92 26.3 5.0 80.0 26.7 0.0
93 25.9 5.0 80.0 26.3 0.0
94 25.5 3.9 80.0 26.0 0.2
95 25.1 3.9 80.0 26.5 1.3
96 24.8 3.9 80.0 26.7 2.1
97 24.3 2.2 80.0 26.8 2.9
98 23.9 1.7 80.0 27.2 4.0
99 23.5 1.1 80.0 27.5 4.9

100 23.2 1.1 80.0 27.8 5.9
101 22.9 1.1 80.0 28.0 6.6
102 22.6 1.1 80.0 28.2 7.3
103 22.4 1.1 80.0 28.4 8.0
104 22.3 1.7 80.0 28.7 8.6
105 24.8 4.4 80.0 30.5 8.9
106 29.1 8.9 80.0 29.9 2.9
107 32.4 10.0 80.0 31.0 0.0
108 35.9 11.7 80.0 34.3 0.0
109 38.6 13.3 80.0 36.9 0.0
110 40.3 13.3 80.0 38.8 0.0
111 41.2 13.3 80.0 39.9 0.0
112 40.7 12.8 80.0 39.9 0.0
113 38.7 10.0 80.0 38.4 0.0
114 35.0 8.3 80.0 35.5 0.0
115 33.2 7.8 80.0 33.8 0.0
116 32.2 6.7 80.0 32.7 0.0
117 31.5 6.7 80.0 31.9 0.0
118 31.0 7.2 80.0 31.4 0.0
119 30.5 7.8 80.0 30.9 0.0
120 30.1 7.8 80.0 30.4 0.0
121 29.6 7.2 80.0 30.0 0.0
122 29.1 7.2 80.0 29.5 0.0
123 28.7 7.2 80.0 29.1 0.0
124 28.3 7.2 80.0 28.7 0.0
125 27.9 6.7 80.0 28.3 0.0
126 27.5 6.7 80.0 27.9 0.0
127 27.2 6.7 80.0 27.6 0.0
128 26.9 6.7 80.0 27.2 0.0
129 26.8 7.2 80.0 27.1 0.0
130 27.3 8.9 80.0 27.4 0.0
131 27.7 8.9 80.0 27.8 0.0
132 28.2 9.4 80.0 28.2 0.0
133 27.7 10.0 80.0 27.9 0.0
134 27.6 10.0 80.0 27.8 0.0
135 27.4 10.6 80.0 27.6 0.0
136 27.3 10.6 80.0 27.5 0.0
137 26.8 10.0 80.0 27.0 0.0
138 26.3 10.0 80.0 26.6 0.0
139 25.9 10.0 80.0 26.2 0.0
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5. Thermal comfort as a function of location

PMV for 8am, 22
December in Atlanta
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Focus on development of modeling skill via
learning where results come from

Nothing is o!-limitsComplimentary approaches⇒ better modelers


