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An analysis of the design heating load calculation
in multi—-family houses
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ABSTRACT

Design load calculations which depend on the thermal characteristics of the building
structure such as the wall, roof, and fenestration provide the basic data for selecting an
HVAC system and its equipment. Most of domestic multi-family houses include a high
thermal storage layer like massive concrete structure and a floor heating structure. This study
is to compare the results of the design heating load between steady state and unsteady state
calculation in order to comprehend the thermal storage effect in multi-family houses. The
design heating load under the steady state calculation is estimated from 54% to 7.8% larger
than that under the unsteady state in the typical floor of a multi-family house model. The
design heating load considered the safety factors like a orientation and location factor also is
21.4% to 265% larger than that by the unsteady state calculation. So, the safety factors for
use of the practicing engineer are analyzed as the main factor of a heating plant oversizing.
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Table 1 Environment condition for a design
heating load calculation

Items Design data
Seoul: -10.0T

- Design outdoor
temperature

- Design indoor Living room, bed room and

bath room: 20T

Dining room and kitchen : 18°C

- TAC 25 %

- Relative humidity 50 %

temperature

Table 2 Safety factor according to orientation
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Table 5 Heat loss of the typical floor and the

Orientation Safety factor top floor
North 1.20 e Area | U value | 4t | Safety | Heat
Northeast, Northwest 115 ms m» | W/m?K)| (K) | factor |loss(W)
East, West 110 ) - 430.1
Southeast, Southwest 1.05 E | Side wall | 2626 0546 0 1.1 473.2
South - :
Exterior - 1981
wall 1008 0635 30 1.0 198.1
: : : S| Window1 | 690 | 3373 | 30 | [ | %82
Table 3 Safety factor according to unit location " " 10 | 6982
. - 559.7
Location Safety factor Window 1 486 3839 30 1.0 559.7
- Top floor & first floor 1.20 Interior 9 - 3044
0.56 1.021 145
- Typical floor 110 wall 11 | 3348
- Side room of border unit 1.20 W | Steel door 1.80 3138 | 145 1‘1 3(1)513
‘ fxtetor | 210 | oss6 | 30 | ) o
Table 4 Examples of infiltration data - 1 9'2
Wood door | 180 | 2208 | 30 | | 12
Case Infiltration data . .
Exterior - 27122
Case - Bed room, living room and kitchen: 4m'/hr-m wall 1662 0.546 30 1.2 326.7
-k th -
A | (crack method) N| window 1 | 225 | 3ss | 30 | | 208
- Bathroom: 15 ACH (air change method) L 3109
- Living room and bed room: 1.0 ACH Window 1I | 0.72 3313 30 1-2 Z?‘?,
CaBse (air change method) _ 259.1
- Bathroom: 1.5 ACH (air change method) Window It 25 3839 % 12 310:9
- Bed room, living room and kitchen: Roof 81.0 0.409 30 1-2 1&}32;2
central heating — 3.8 m'/hr-m(crack method) - -
Case o 4 metho Area | Infiltration | At
c district heating — 2.3 m'/hr-mf{crack method) Infiltration (m? | rateChr) | (K)
+ Bathroom: 1.5 ACH (air change method) 191.0 10 30 |0.3349 | 1919.0
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Table 6 Input data for DOE-2.1E program

Iterns Input data
Indoor design 20T
temperature
B " - "
U Infiltration rate 1.0 hr
1 number of people :
L 4 people
D lighting & power :
I Internal heat source 0.55kW
N (daily average operation
G schedule: 40%)
Heating system floor heating system
w Mlmrpum temperature -100C 7 am)
E and time
A | Maximum temperature Cane
+ | and time 3.0C (3 pm)
H | Maximum wind
E | speed 6 m/s
R Wind direction Northwest
DBT= tav+ t a
(11
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Table 7 Heating load according to the location

Heating Typical floor Top floor

load | Typical unit| Side unit Typical unit] Side unit
qu(W/m') 59.0 64.3 713 76.6
qolW/m’) 61.8 67.6 76.5 82.3
qs{W/m’) 68.0 76.3 91.8 98.8

Table 8 Results of heating load by DOE-2

program
Heating Typical floor Top floor
load(W/m')| Typical unit | Side unit| Typical unit|Side unit
QDOE-H 58.6 639 7.7 754
qDoE-W 56.0 60.3 66.8 71.0
4DOE-1 50.6 55.1 61.9 66.2
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