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McQuay

What is the heat load? = It refers to the cooling and heating loads.

What is the heat load calculation? = It isdthe calculation of the cooling and heating
oads.

Usually software is used to do the calculations.

The calculatmn results are used to determine the
capacity of ﬁl i cpndltmnars
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Understanding Of Heat Load

(Human Comfort)
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1) Heat Load

- Classified Iinto 2 main types

1. Sensible Heat
2. Latent Heat
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Sensible Heat

P

Change in Temp.
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No change in physica
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| atent Heat

~No change in temperature
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@

(Physical state |
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Air Conditioning

1.2) Classification of Cooling Loads

1) Skin Loads

2) Internal Loads
3) Other Loads
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1) Skin Loads

Skin loads originate from
the heat sources outside
or external to the

conditioned space
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a) Solar Gain Through glass (SG).

%
/\

Radiant /

Energy I

Solar heat gain is reduced by the use of internal or external
shading devices such as overhang.
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b) Solar & Transmission Gain
Thru Walls and Roofs.

7

(T+S)r

Absorbed Solar Energy (S)
Transmission (T)
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c) Transmission Thru

Glass, Ceiling, Partitions or
Floors.

27°C

Ceiling

23°C

Partition
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d) Infiltration. L0
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W QaalityProduct by ¥ baikin



e) Ventilation (O.A

J? ¢{=1 OA (S+L)

Outside air
entering space
directly
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Skin Loads
a) Solar Gain Through glass (SG).

b) Solar and Transmission Gain
Through Walls and Roofs.

c) Transmission Through Glass,
Ceiling, Partitions or Floors.

d) Infiltration.

e) Ventilation (O.A)
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2) Internal Loads

/\\ a)Lighting Loads

c)Equipment Loads

L

Soea
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Room Loads

-Add all sensible loads together
results in sensible heat gain.

-Add all latent load together
results in latent heat gain.

Sum of the Room Sensible Heat
and the Room Latent Heat
Is the Room Total Heat
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3) Other Loads
a. Supply Air Side

b. Return Air Side

c. Outside or Ventilation A
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supply air

return air

sensible
heat

conditioned
space




Supply Fan and Filter

OA
EA

wavas MA

flter %?:ig
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Qg supply
' fan

conditioned
space
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Cooling Caoil

~ cooling
~ coll
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Cooling Load Components McQu

1.Radiation 2.Conduction 3.Convection

) roof
i“%““& lights [mﬁ partition

people wall

glass
solar

infiltration ' , equipment

— ——
OIS -~
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glass
conduction

exterior
wall
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Cooling Load Components

sensible latent space coil

cooling load components load load load load

conduction through roof, walls, windows,
and skylights

solar radiation through windows, skylights

conduction through ceiling, interior
partition walls, and floor

people

lights
equipment/appliances
infiltration

ventilation
system heat gains

v
v
v
v
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WHY Heat Load
Calculation?
Cooling Load
Estimation
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Recommended IAQ (SS 554:2009)

By law, the indoor conditions of an air con space shall maintained within
the following limits :

Design Temp. . 25°C +/-1°C

Relative Humldlty . < 65% (for new buildings
< 7090 (for existing buildi

Alr movement : 0.10 ~ 0.30 m/

Note : At occupant level of 1.5m above floor.

Another Quality Product by ¥ panciv



McQuay

Heat Transfer Coefficient (U-value)

Defined as the quantity of heat
transmitted under steady state
conditions through unit area of the
material of unit time when the
temperature difference exists betweer
It opposite surfaces.

(W/m 2°C)

Another Quality Product by ¥ pamxciv



Calculation of U- value

(Coefficient of heat transmission of wall
structure)

WU=1/ag+l A+, A+ ...¥l /A +R+1/a,

a , : External surface heat transfer coefficient  [23] [W/m? °C]

a , : Internal surface heat transfer coefficient [9] [W/m?°C]
| : Thickness of material [m]
A : Coefficient of thermal conductivity of material [W/m °C]

R : Thermal resistance of air layer [m? °C/W]
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Exercise : Calculate U value of outside wall

Outside
wall

I

Tile (5)
Mortar (15)

rete (150)

Mortar (15)

Plaster (3)
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Table 4-11 External surface heat transfer coefficient, ao [W/m2.°C]

Location of surface Summertime Wintertime
Rectangular exterior wall surface 17 23
Rooftop surface 23 35
Planceer 17 17

Table 4-12 Internal surface heat transfer coefficient, ai [W/m2.°C]

Direction of heat flow
Location of surface
Upward Downward
Horizontal 9.26 6.13
Inclined 9.08 7.49
Vertical Horizontal 8.29
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Table 4-13 Coefficient of Thermal Conductivity of Materials, A [W/m2-°C]

Name of material conductivity Name of material mnﬁunlivity
A [W/im?"C] A [W/im2.°C]

Air (static) 0.022 .. “altand the like N
Water (static) 0.6 Moisture-proof paper and the like 0.21
Ice 2.2 Tatami mat 0.15
Snow 0.06 Composite tatami mat 0.07
Steel 45 Carpet and the like 0.08
Aluminum 210 Wood (heavy-weight) 0.19
Copper 390 Wood (medium-weight) 017
Rock (heavy-weight) 3.10 Wood (light-weight) 0.14
Rock (light-weight) 1.40 Plywood 0.19
Soil (argilliferous) 1.50 Soft fiber board 0.056
Soil (arenaceous) 0.90 Semi-soft fiber board 0.14
Gravel 0.62 Hard fiber board 0.22
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Particle board 017
Wood wool cement board 0.19
Glass wool (24K) 0.042
Glass wool (32K) 0.040
Rock wool heat insulating material 0.042
Sprayfd rock wool 0.051
Rock wool acoustic board 0.064
Polystyrene foam board (bead) 0.047
Polystyrene foam board (extruded) 0.037
Polystyrene foam board (Freon molded) 0.026
Rigid urethane foam board 0.028
Soft urethane foam board 0.050
Polyethylene foam board 0.044
Rigid PVC foam board 0.036

PC concrete 1.50
Plain concrete 1.40
Light-weight concrete 0.78
Autoclaved lightweight concrete (ALC) 0.17
Concrete block (heavy-weight) 1.10
Concrete block (light-weight) 0.53
Mortal 1.50
Asbestos slate 1.20
Plaster 0.79
Plaster board / Lath board 0.17
Grout 0.74
Mud wall 0.69
Glass 0.78
Tile 1.30
Brick wall 0.64
Roofing tile 1.00
Synthetic resin / Linoleum 0.19
FRP 0.26

Airtight hollow layer, R = 0.15 m®."C/W
Non- airtight hollow layer, R = 0.07 m?-'C/W
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Answer :
1, 0.005 4, 0.015 4 0.15 , 0.015
23+ 1.3 * 1.5 * 1.4 + 1.5
0

003 . 1_
+ 579 +3 0.289

1
U

U = 3.46 W/mZ2°C
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Introduction
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Heat Load Calculation HKGSG
Shortcut
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T — . — v
Project Outline A e

Froject M ame |ﬂ

City/Country  Jakarta/lndonesia Citw/Counkry | b ap |

Addrezs |1 22 akrta

— Outer Wall &zsemblies

* Maomal Concrete _ _
It walue of averall heat trans coeff of main part

™ ALC Plate
™~ Metallic Curtain W all Roaf[with Ceilling Board)] ; 1.66 %W /mk.

el Al e Quter Wwall - 2. 72 wiima2K
" Wooden construction Inmer Wwall : 262 wm2k.
" |Others

aE. Cancel Drezign D ata
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Another Quality

Change Design Data{Overall Heat Transfer Coeff)

Outer *Wall &zz'y |Mormal Concrete

Coeff Wwiall Tope
[ 2k Wwhall Tppe:Help™? |
Duter wall 243 S| g
[rrer W all 262
Foof{with Ceiling Board) 1.66 =3 L %
Roof(without Ceiling Board] | <16 S| e
Ceiling(with Board] 1.95
Ceiling(without Board) 2.6
Mezz Floor[with & Layer] 1.43
Mezz Floor[without &ir Layer) 2.6
Pilatis 3.23
Earth Floor 0.30
— Bazement
Undergrnd WallD<=2.4m] | 196 wi/mk
ID<=2 4 input Coeff of Heat Transter & unit length
Undergmd ‘wall[D>2. 4m] .45 Wimzk.
IUndergrnd E arth Floor 028 wi/mZK
ok | Cancel | InitialValue




Design Temp & Humid

Temp in Sumnmer
Hurnid in Sumrmer
Temp in Winter

Hurmid in winker

24.0

55.0

22.0

50.0

— o |

[COE]
[%RH]
[CDE]

[%RH]

Cancel

Initial W alue




Room spec I&
IJzage of Hoom
" Office ¢ Shop © Hotel © Hospital ¢ Factory ¢ Condominium ¢ Detached * |Meeting
Ventilation System Ceilling Board Floor A 0.0 5
{° Matural & Vent Fan { " Total Heat Exc (o dAyall 07 Mo oorAarea m
B - Ceiling Height | <7 m
Roof&MNon-Cond. Ceiling Arealmz) Mon-Conditioned Floor Arealm)
Equiprnents
pper Boom 0.0 E arth Floor 0.0 i
Senzible Heat s
Flat Roof 0.0 Air Layer E=ist 0.0 shsitie hed
Ihclined Roof 0.0 Air Layer Mo 0.0 Latent Heat 0 b
Glazs 0.0 Filatis 0.0 Heat Source Input |
| i E S W ME SE S MW |Shade
Outer '/ all Lengthlm] oo (o0 |00 |00 o0 o0 |00 |00 |00
Windaw area on Outer W alllm) 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
e Wwall Length for Mon-Cond. Spacelm] | 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Change 5td D ata
O.H.T.C. | TempiHumid] Schedule Others Canopy b aterial 11 | E =tenzion |
Add Room | ok | Cancel |
|nput room name.




Anotheral

Schedule

-

|' Operating Time £one

IE_HrtnlﬁHr

Foom Mame IHE'“"" Foom

Set Schedule |

Hawr 1 23 4|5 B |7 219 /[10 11|12
Lighting ojoajofjojo0oy0 0 10ao0iodoo) o
Perzons olojojo 0oy 0 0 10afooiodool o
E quiprmentz ojojo(oj0oy0 |0 100000000100
Hawr 12 /14 (15 (16 |17 (18 |19 (20 | 21 |22 22 |24
Lighting 10010 1oop1ggtoopiaay o jao o jo (oo
Perzons 10010 1oop1ggtoopiaay o jao o jo (oo
E quiprmentz 10100100100 1oo@1oo) o (o o (o jo o
| QE. I Cancel [ritial W alue




DOthers

Froom Name |Mew Room g
—Frezh Air Intake ~ Internal Heat Gain in Heating
% m3/h person ™ matk " consideration ™ Mo consideration
Ar'Yolume  THHeat Exch Effcy Persons a0 =
Summer | <00 gy PETSON 00 5 Lighting il oy
winter | 200 m3m person |BU % Equipments al oy
— Infiltration — Safety Factor—
S Window Type |Heat absorbing brim =
Surmer | 020 Times/h Cooling |1.09
o T N FET Blind Type Meutral color -
Winter 030 Timesz'h Heating 1.10 —
Shading Factor, 0.56 OHTLC: 457
—Lighting
& it W Room Hurnid Method | without hurmidifier =
T LaE 200 i Total heat load in heating 15 not contaied LH.
Incandescent Lamp 0.0 i f Persnnsl I Underground ‘Wall Depth | 0.0 m
Height &ttic |06 m
‘ ak. I Cancel |ritial 4 alue




Input window and Canopy [é

Pleaze zelect direction of window with

|F there iz window without canopy in the same direction, please input 2en for canopy
dimerizions,
[m]

Direction ' Oc | DI | Dr Al |Ww | & | B | Hw | Hc

=
=

I ~|foojoojoofoofoofoofoofon]o |0
Mo wfj00f0ofo0fo0fo0)a0foofoofon |0
N w|foofoooofoofo0|oofoo/on]ae |0 Al
— Dot , Ww
N w|foofoooofoofo0|oofoolon]ae |0 g ———_Ar
R—— 'q_—_h__——_____h
N w|foojoooofoofoo|oofoofon]o |0 — —
Noowjl0ojaojoo|aojon) o0 an|aojan | oo i
»|foojaofoofoo|a0foofoo|anfao |0 9
N o - -______________h.-lw He
N w|foofo0oofoo|o0foofoo/o0]a |0 | |B
hd - ul
Mo owfj00foofoofo0fo0|o0foofoofon | oo o i
Mo wfj00foofoofo0fo0|o0foofoofon | oo -~

a. | Cancel |




Matencl R R e s e

Fioor Mare |Mew Room
—[0.H.T.C.Iw k) — W indow
wiall Tupe Window Type
0.00
Oluter wall 5 II|IIIE Blind Tups Neutral color .
e wiall | 000 _
Shading Factor: 063 OHTLC: 4597
I M E 5 w | ME | SE | 5w | NW Shade
Outer Wall Lengthlm] 00 j 00 (o0 joo jo0 jo0 00 (o0 )00
Wwindow Area on Duter Walllm] oo (o0 (o0 (o0 (o0 jo0 Jo00 00 00
Inner Wall Length for Non-Cond Spacelm)| 00 | 00 |00 (00 |00 (o0 |00 |00

OF. Cancel




Extension I.i:-?-

Foom Mame |[Mew Room

IDetal Set Hoom D ata. Momally no need to change.

Perzonnel Heat Gain per Perzon

S enszible Heat | BB wlperson Latent Heat | B wiperson

Glazs Surface R atio[without zash area)

Glazs Area = TH \Window Area = |':'-E|5 Id=ze for Solar heat gain through

MHext Boom Condation

MHext room temp diff iz calculated using below factar.

[dt]=[0/0 Temp-1/0 Templ * Temp DifF Coeff

M E = w | HE | SE | 5% | MW Ceilinc| Floor

Coeff Coolng |04 |04 |04 |04 |04 |04 |04 |04 (04 |04
Temp

Cuiff Heating |04 |04 |04 |04 |04 |04 |04 |04 |04 |04

Boiler/kitchen iz Mo | Mo | Ho | Mo | Mo | Mo | No | Mo | Ho | Mo
in Mext Hoom | | | | | | | | | |

ak | cancel | Initial W alue |
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Aircon heat load calculation sheet
Project Name: Kesuma Resort,Bali
Address: Samabe Bali
13/September/2012
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Kesuma Resort.Bali 13/ September/ 2012

Heat load sum up table {Upper:W, Lower:kcal/h]

Cooling Emating Floor Heat load per area

FBoom name Fl 'jt__ of Indoor 3H Total Smlected | Tim= Total Jelected | Bumad. | Tim= e Cooling Heating

=il
Toome

[W] ikcal/ k] [Hz] [W] {kcal/h [kg/h] | [Ex] (2] [WimZ] (kcal /km2)

Boom 1 1 1 1 5114 1 1§ 7 E =-1.EE & 25.3 ITE K 0.2

2188 1 £ T (220.7 0.2)

Lirving Room 2 1 1 1 zzal 2 17T 4 4 =1.EL & 168 2220 0.2
2227 d) 3 4 18L.¢€ 0.2)

Entrance 1 1 1 2088 & 17T 4 4 =-1.ZE & 15.3 2085 0.2
178¢ 7) 4 1a0.2 0.2}

Paak load of buildin 2 1E63 1320 13823 1§ 15 17T -2.1% [ 57.4 1221 € 0.2

23110 114704) | | 11E7=2 13 [ 14] 20E.E 0.2

JE : Z=n=ible

(=)
(L]
ni
(3]



Kesuma ResortBali 13/ September/ 2012

{Upper:W, Lower:kcal/h

T, [P
wD0l1ng

Tim= (E/A wol| Indoor 3E Indoor Jutside Total Jmlmctad | Time |T/R ol Indoor Cut=ids Total

Jmlected | Humid.

[Hz] | [m3/h] [W] {kcalik [Ex] | [m3/k] [W1] {kcal/h kg/h

16 2210 Eggd 105968 2zaz g 221 1 15 15 17 -Z.1%
8310} 2422] 1a71 1} ik} 3 4

If total indoor heat load is negative, it is




Kazuma ResortBali 13/ September/ 2012

Floor loom mame Flooz Booms
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Kesuma ResortBali 11/ September, 2012
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Kesuma Rescrt Bal 13/ September, 2012
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Any Question ?
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Psychometric Chart

How to use the Psychometric Chart

- Mixture of Air -
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Introduction

McQuay

Air Conditioning

¢ The psychrometric chart allows for:

Instant understanding of air properties:

Display of change of the state of the air:

Display of ﬂ'le air conditioning process.

-

@ (o3

Dry bulb temp. [°CDE]

K Typical air conditioning process in coolin

‘\"vum ARUQILy F IVUUWL Wy 7 EAMATnaTTw

\ Absolute humidity x [kg/kg {DAJ]/




McQuay

C O n te n tS Air Conditioning
1. What the composes the Psychometric Chart
2. Mixture of Air
3. Summary

Air conditioners conduct various processes

Let's use a psychrometric
chart to think about
mixture of air.
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(" You can read seven
properties of air

on the chart. -

Absolute humidity x [ka/kg (DA)]

Dew point Dry hulbl,
temp. temp.  * ghecific volume
[°CDP] [°CDB] [ﬁ]%:’:kg (DA)]

J




McQuay

1. Change Air State Air Conditioning
Changes In Air State
* Heating
* Cooling

« Cooling/Dehumidification

« Humidification

Air conditioners conduct various processes

Let's use a psychrometric
chart to think about
mixture of air.

Another Quality Product by ¥ panciwv



Summary Chart

McQuay

Air Conditioning

Heating

Humidification

Cooling Gnﬂling.-"Dehumidiﬁcatimnl

.

Inlet
28°CDB
50%RH

(Surface temperature of 17°C)

1000 m*min

Cooling coll

\

QOutlet
18°CDB

(2)

air

e
Outdoor air I —_—

(1)28°CDB
50%RH

Exhaust ﬂ-;z)——@_, -

2

F—1—1

l Supply air 1 1

_~"| Cooling coil

-I Retum air

‘l (2) 18°CDB |

1,000m3*/min

N, ®




Summary Chart

McQuay

Air Conditioning

I Heating Humidification Cooling E]c:-:::ling.-"DehumidiﬂcatimnI
(r 1 & z N
Inlet 1,000 m¥min Outlet & D
280°CDE iy g 18°CDDB ) 2
50%RH (1) (2) x
Cooling coil :E
(Surface temperature of 17°C) : 3
N, q@, &
S kY =
ﬂﬁ& E
Amount of cooling generated by the coil f,‘ag <
o) 0.0118
10.27 x 1000 . .11 805 kJ/min N,
0.87 \
=197 kJ/s \
= - 18 28  \
=197 kW [ Dew point temperature of the coll }16-5 Lo iz CDE%?;"

\ . inlet air is 16.6°C

Spedcific volume [m*/kg(DA)]




Summary Chart

Air Conditioning

Anomer Quainy rroaucipy T DarlkKiv

Heating Humidification Cooling Cooling/Dehumidification I
™
1,000 m3/min
— ey O]t
28°CDB (2) 18°CDB
80%RH
Cooling coil /\_
w,
Exhaust l J. J.
Enaus .
air ?Etum_@-' ‘;F l Supply air 1 l
a Air
l conditioner
' _~| Cooling coil
d
Outdoor air I_E - _-I mair
(1)28°CDB (2) 18°CDB
50%RH 80%RH
1,000 m3*/min —

McQuay




Summary Chart

McQuay

Air Conditioning
I Heating Humidification Cooling Gnuling.*[‘.lehuni:iﬁ::aﬁnnl
ﬂ_ ™ 3{ \
Inlet 1,000 m*/min Outlet 2
28°CDB e ——p 18°CDB 2
50%RH (1) (2) B80%RH x
=
Cooling coil E
\ J =
ik
: . =
Amount ﬂffggéing by the coil & S E
1413 X —5g7 = 16,241 kJ/min +{0.0118
' 0.0103
=271 kJ/s =271kW
Amount of dehumidification by the coil )
1,000 . — -
. 1 = _— 18
0.0015+ ———=1.72kg/min /15 - cong &
[ Dew point temperature of the coil ] ) _
\ ~ inlet air is 16.6°C ) Specific volume [m3fkgEDAy

MIIVUICT wuany rivuusvi vy

EFRIRnIv




McQuay

Summary Chart ir Condittaning

— N z )
( A O = T
1,000 m3/mi ¢ E) =
I?Iet — _...D:Jtlet @;i > 1%
50%RH 80%RH o AN P = T
0y
Cooling coil 4:.-& X & F= 35
e y "Fj 0;,. o = =
o c
2 § 5
k! (1) 1%
SHF (Sensible Heat Factor) 2 0.011840.
—_
Sensible heat 10.24 0.0103
— = = 0.725 (2) /
Total heat 1413 $
18 28
\ Dry bulb temp. [“CDE!_U
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McQuay

Air Conditioning

3 Method of Cooling Load

1. Heat Load Calculation
2. ACH (Air Change per Hour)
3. Assuming method..... Ex 1 m? =700 btu/h

Calculate Heat Load with ACH

« Room Dimension (LXWxH)= 13x10x6=780 m
Ambient Temperature =30°C, RH=79%
Target Room Condition =24 °C, RH =50%
ACH =15 kali

* Fresh Air Assume 10%

Another Quality Product by ¥ pamciv




DETERMINE ?7?77

1. Airflow =15ACH x /80 m3 =11700 CMH
6886 CFM

2. Fresh Air = 10% x Airflow = 1170 CMH

688.6 CF
3. Mixing Air (Tma) = 25.5°C, RH =58

4. Leaving Air Condition

Another Quality Product by ¥ pamciv
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Calculate Cooling Load

1. Qsensible — 4,5 X CFM X (hX o h|a)
183,753 Btu/h or 53.85 kW or 15.31 TR

2. QLaten — 4,5 X CFM X (hmIX o hX)
137,582 Btu/h or 40.32 kW or 11.47 TR

3. QTotaI e 4,5 X CFM X (hmIX o hla)
321,335 Btu/h or 94.17 kW or 26.7

4. Sensible Heat Ratio =0.572
5. Air Condition After Reheat = 20.3°C RH

3. QReheat — 4,5 X CFM X (h|a2 p— hla.)
114.032 Btu/
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Air Conditioning

Conclusion

1. Cooling Capacity =94.2 kW
2. Capacity Reheat = 33.4 kW

3. Airflow = 11700 CMH or 6886 cfm

4. Room is class 100,000 should be
complete with Medium and HEPA filter

~ Another Quality Product by ¥ panxiv
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Thank You
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