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ABSTRACT: In this paper, a two-dimensional transient ground-coupled numerical model for
slab-on-grade foundation is developed and integrated into EnergyPlus. A validation analysis is
first presented to ensure that for the developed building foundation heat transfer module is
properly implemented within EnergyPlus. Then, the predictions from the developed model are
compared to those obtained from the simplified building foundation model currently used in
EnergyPlus. The results show that the developed foundation heat transfer module accounts
better for the effects of the ground thermal mass attributed to the ground than the simplified
foundation model currently used in EnergyPlus.

Key words: Ground heat transfer(X1% €d%), Insulation(H%g)

domo - UFl A% 9&4 £+ 35 [W/m']
ds UFA 9% 9% [(W/mf

da | FLAF [Wml

Qorouna * AHE EF [W/m]

72l =4y

c, M4 [J/ke Tl
D,  : Heat turbulent transport A4 [m/sec]

a e oss, ftblent franspor AT 4 i uERY ARd 98 9F W
sec,
DY ERY AR oY IF [W/m]

e D719 $£371% [IN/m) Ir . A 'm

: qrwr ¢ FIAF BAE [W/m')
F  : 3H4%
h : FLAGAST [W/mP Tl qrws © HU QA 53 Zo] dYez2Ry
‘ ' N = B 2
k93 ES [Wm- C] &5 BAF [W/m']

qrwx * BAE Z@ol F BAE [W/ml

Gt REANA AEHE GRFEAF [W/m']

gsw AR fdle FoEHE YA E #
S FEALF [W/m']

R, :AEWAANeE EAZF [W/m’]

Ry, @ AFEAF [W/mD)

Qo - BAL WAL, o) o3ty FEE H
FEALF [W/m’]

t Corresponding author
Tel.: +1-303-492-0516; fax: +1-303-492-7317
E-mail address: tetonsy@empal.com



Ground-Coupled vl&+2 4|9 dAg 2dg 659

R D EFE AYEAFHW/m?

R i DR QJALHE FEHGEALS
[W/m’]

R, AR FFE AA HFHA g
Aol BAL [W/ml]

¢ D AIZE [sec]

T 2% [Tl

Ta 1979 AFEE [T]

T secs cXFE 2% [T]

Tub 971 1R [C]

agla 2x

Aot : N EHY albedo

€ D HALS

P P 9% [kg/m’]

o : Stefan-Boltzmann A<=

[z55] #9223 s8¢ dea =z

e A 450

&t

a P F7]

=]
) CAYE
0 A9
s 0]
sky Ml
1.4 2

71E s o BHF Jge e A2
AEFZEAY d4€ BAHL 9y 477 A9
of gttt A4E: FREL 9dMTY FHoz
dEHdol HAR EF4ERn oy AEFRE <
AFL AdFdez A3 Hoh AZAYA 3§
AEZ g A Slab-on-grade vlgTF2 Ao &
AL AET e g Y (steady-state) 4+
HE 71A4ste gaA @4 en?

"5 ol 1] 2 A (Department Of Energy)< En-
ergyPlusgle A 2¢ A EVx] o8& =z
e 2EPLY o) Z2aPe) 5A F stus

1€ 22add N2E 2233 2ES 4A
Folq 2 7% e S £ Y= F HAHJG
EnergyPlust= CTF(conduction transfer function)
& AHEsted AEQH ] 1Y dAgE Ag
o BF, AE vigEo] Aol ol gled ¢
g3 4 99 XNFLEE 9 AAgezE 19y
3te] g AE9y 9 Zo| 1x¢Y9 CTFE £3}
o AFAe EFE ANt Jr}. ojed
HE 713 98 RF|Ae J3FS Ao ux
¥E Ao Eddg EAS #E AdERE9
G F Aol BA g

197092 AF 449 dHd AT 47
b Aol grh“” grre Nz A F)
#8 A7 A2zt 34 A A
oA Z&gH sit} ol HdAZ AEY NEF
z9 ASde vEA Aok 3o,

¥ d7+% 239 Ground-coupled ¥€4dg =24
P AEg EHozZ Y} o]E EnergyPlus$
AAztd A EHIHE E3F Slab-on-grade u}
g72AE 7R AEY 4% e THodsigey
A %9 H]A 4 (unsteady-state) QAY HA L &
3le AF2E BEXE oZsgct

2. Ground—coupled €& =da
21 ZgLn|et XS HAXNE mA
AETFEAG AT uAG4dHge 258

AZbl we FdHETAAA o HAHY
Z sl 249 A=A A g

Pvorie

0 [, 0T(x.v.0) |\, 8 [, dT(x. y.8)
{k ox }+ {k ]

ox dy dy 1
_ T (x. . t)
= PG at

Ground-coupled AETFZA 9] da4g 13t
of ofegfet L 37kA] HAZPE zmedok &
9, o]E& (1)e] AAxHoZ AL

< AE 9o UEYE ¢ 9Ed

- A EH

« A5 ud

211 HEQmel YEH % AEY
BFEAL AEATY AHFEA, ogRA



660
Wall Conduction
Process
Outside Heat Balance Inside Heat Balance
Process _ . Erocess
( 9 ot \ qrax)
: / drws
i .
Isw
k qLWR/q'w W;x‘\\ qwl I

T

so

Fig. 1 Heat balance procedures for a typical
opaque building envelope.
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Fig. 2 Control volume for a typical node.
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Fig. 4 The test building configuration to validate dynamic building model.
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Table 1 Material properties for the test building configuration (Material library in EnergyPlus)

Material Wt | g | 0o
1/2" Slag 143 881 1670
3/8" Felt 0.19 1121 1670
Roof 2" Insulation 0.04 32.03 830
6" Heavy weight concrete 1.72 2242 830
Acoustic tile 0.06 480 830
4" Heavy weight concrete block 0.81 997 830
Exterior wall 2" Insulation 0.04 32 830
4" Light weight concrete block 0.38 608 830
4" Heavy weight concrete 1.72 2242 830
Floor 2" Rigid insulation 0.04 91 830
12" Dirt 0.173 1041 830
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Fig. 5 Floor surface and indoor air tempera—
ture variations for an uninsulated slab.
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Fig. 6 Floor surface and indoor air tempera-
ture variation for a uniformly insulated
slab.
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Table 2 Foundation heat loss for four insulation configurations applied a conditioned building in

Denver
Insulation Summer (8/21) Winter (12/21)
configuration Heat loss [W/m®] | Reduction [%] | Heat loss [W/m? | Reduction [%]
Un-insulated 2.61 0 3.07 0
Edge partial 1.98 24 2.34 24
Uniform 1.92 26 2.17 29
Outside vertical 211 19 2.53 17
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