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1¥1R718 wauTuiiiaR717 flusisvinadnusfuluszu
Usuarnduuunanaiu (Absorption Refrigeration)
ant1iNil 10°C

R22 ,R134a,R407C,R 410A,R32,R290 (propane)
iuaisvinanudutussuudsuanniauuulad
AaNLNSsdas aat1inild 10°C

R502,R404A,R600a (Isobutane) flusisvinaluiu
Tuszuuviavfiugiza

atfiu aatuinNi -10°C
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ANuGULaramuAiiaNe? (Saturated Temperature)
AamNuauKsagaufidnuasiialnaiilulania’la
auuvuiiluaavaaiiial luasavssiia
(Evaporator)iaanaaiuiniisciuia Te Turasag
auuiiu(Condenser)iaanaaininidaiuuiiu T,

ANUUUILUU p Aa wrasarualsunas kg/ms

U105 NIE V AZIUAAUADIAMUUUILLUY UKL
Uaunasaanivraura m3/kg

v=1/p (aanunuinuulaailsuinsazuin
AAaNINSAIasTAn-AnuIanaliuIaAN aliad)



§§§>€ aalgulifaaIdIsiNANULEUu(na)

aunaill (Enthalpy) h @anaveruaralucrgnssrnAaunavnulusduay
auaunardsunasanmie (u+PV)

uuaa SI-> ki /kg umua"’enqu(PI) >Btu/Ib
taulnsil(Entropy) s ﬂanmauummuammwauusmwaemsmumam
waslaavilil drdidrunndulagildliiausauinisanan A
uanvdvaNNbidNysaiaavnszuIUATSUEadasavldwd v U Aty
naa'lanwavvnuvaaay (Ussansniwiaunin 100%)
uuaa SI-> kJ/(kg.K) adenqu(PI)->Btu/(Ib.R)
n561117'11 ANsauLain s AT WAN #u AINNSauaan s azan

Q =T(S,-S,)
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AN9INIANNLEL Safety Class ODP GWP
CFC-12 Al 1 10900
HCFC-22 Al 0.055 1810
HFC-410A Al 0 2088
HFC-134a Al 0 1300
HFC-32 A2L 0 675
R-290 A3 0 4
HFO-1234ze A2L 0 6
HFO-1234yf A2L 0 4
Carbon dioxideR744 Al 0 1
Ammonia R717 B2L 0 0

GWP Global Warming Potential ODP Ozone Depletion Potential
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A19819N5IATUANNIasANBA1N ASHRAE

FuANUlananey K1 3 ¥U 2 ¥ 2L ¥ 1
A3 A2 A2L B2L Al
A5MANEY Propane | R-152a | HFC-32 | Ammonia | HCFC-22
R-290 R-717

I
ANUGINTA W N 39 23 6.7 7.2 -
,cm/s

9 Y
ANV DUNTIH 1] 46 16 9 18.6 -
Ml/kg

w1 a1

¥4 2, LFL > 0.1 kg/m3 158 combustion heat < 19 MlIl/kg

¥ 3, LFL <0.1 kg/m3 158 combustion heat =19 MJ/kg
A lLiduiy B iluiy




%ﬁ anaNiGansvinAl MLy R-22

Wiatlanaranudulugvanain 1942.3 kPa
1iaa 101.3 kPa

USSLINE
au6u 101.3 kPa 12
Ta .\ 2muad 50°C —40.8°C
50°C = |@u6u 101.3 kPa
aunu 1942.3 kPa Aty — han
ADILUA? —_ %
50°C | —a0sec

Nailaac ilanaraan
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P qn‘ingi (Critical Polnt)
/\ A uaduaINENla
E y ] B,E ladue
G_F E° D v
% 7 = =7 C,D lasaufeena
3 Faaavialdud
2 e G waswalfuiiian
E Tofius
" (Saturated Vapor)
mn::::::j:mn

Specific Enthalpy h



P-h Diagram R407C

2000

400
200

100
B 34 H . BO
e .
40
20
0

R-407C
[A-32/125/ 240 (2372552}

Referance slate:

poopwisce [ J-- % Gl bk oo .,

h=00BtwAb, s
for saturatad liqud at ~40°F

~40

2000

1000 |
800
600

400 -
200

—40
Properties computed with. NIST REFPROF

(=3~ ] [~] = oo W o 3] A\

eisd ‘34NSS3AHd

Based on formulation of Lemmon and Jacobsen {2004)

ENTHALPY, Btu/lb
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1 1a3avdala
Compressor

2 AauLauLaas
Condenser

3 aaand
Expansion Valve

4 3hnalsiaas

Evaporator
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Qin = Qout + PC



%%%O% Jndnsnsvinanuduuunnunsi P-h

1 AszuIun15aaB-C
Compression

2 nszulun1snaucC-D
Condensation

3 nszununsuanabD-A
Expansion

4 A5z UNIITLLEA-B

Evaporation




%%O% 1 nszuuni1sanB-C (Compression)

Wunisdalagnsvin
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(Condensation)
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%%O% 3 asgulunsuena D-A (Expansion)

815vinANULAULBRIRY
TuanIusTUIALANYIN
Tiruduanananu
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%O% 4 nszulun15seiaA-B (Evaporation)

g19vinAuLdu.
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BB itlulasau
flvenatnailavAu
1utvsnsvineu
iutia2nldiu
AANLNSALAAs e e
Evaporatorazil
AuIaTuaidu

DD’ fluaaviuiar
iuttianilavAu
1uTulasinsvinau
iulvian1u
Expansion Valve
TauCondenseravil
AuIaTuaidu




Refrigeration Cycle Efficiency

i
HP o
e A 3 4L
= AN IVINY T
}s WHIiDA
- A TAAR TILAY :
: i
(0] UV AT g
. LP 7°C i
i W fFEesfesssssss=ssw :
P : ik B TR B TR h.' : I i
h' I h. . hl []
» . e -
R il vma g i .-
h
- h, h, auay

Air conditioner Cooling Capacity , q, = h,-h,

Heat Pump Heating Capacity , q,, = h,-h; = q.+W
WOI’k, W = h2'h1
h—h, h—h
COF = COPpiriive = ——
COOLING h—h h,—h




§§§€ UAIMIlsznganasau

- Low condensing temp

High evaporating fen

1. IWNEUNHANY Evaporator :
ANAUNNDINA L5 UaINA g

NIANNAZDVALLLNUNTES ARRLEULASNAAN

2. anaUNNA1UCoNdenser
anRUUNNTNNaLfiy
NIANNALDIAPDEATDULATHAAN

v

Qll v v v 1% o
WAgUNI995 UL ANTAUAILAINIALTIUNNFIZLIBAINNTAUAIELN



Msdseumevudszansnin

g151inA U LEl Y uail riunavina by v un i COoP
h kJ/kg | kJ/kg % | kil/kg| w/w %
R-22 hl 308 150 100 28 5.36 100
h2 336
h3 158
R-32 hl 516 225 157 44 5.11 95
h2 560
h3 291
R-410A hl 424 143 139 28 5.11 95
h2 452
h3 281
R-290 hl 580 255 81 46 5.54 108
h2 626
h3 325

Evap Sat Temp 7°C

Cond Sat Temp 47 °c




= < o
mazﬂ%umaummwummw(mumgﬂ’gu)

g1svinauLEu taunail l’umm/hm'ml,ﬁu mm‘?’i’m‘} COP
h ki/kg |kJ/m3[ % |ki/kg| w/w %
R-22 hi 308 3949 100 28 5.36 100
h2 336
h3 158
R-32 hl 516 6201 157 44 5.11 95
h2 560
h3 291
R-410A hl 424 5470 139 28 5.11 95
h2 452
h3 281
R-290 hl 580 3218 81 46 5.54 108
h2 626
h3 325

Evap Sat Temp 7°C

Cond Sat Temp 47 °c




§§§>€m%awﬁ1ﬁ1l,ﬁuuuua“’m"la‘lﬁ'a'\sﬁ'mm'ml,ﬁu R22

Condenser Water

86 F Q 95 F
30 | In Out‘ 35C

1 1@5avaala

Compressor
Compressor

W 2 AULAUL2IAS
| E'/QQE" Condenser
3 Naraag

Expansion Valve

212 psig \ANANS
1460 kPa Condenser
38C 100 F
Expansion COP =5
Valve
/2 psig
498 kPa 0C 32F
Evaporator
7CllIn 4 Out ‘ 12 C
446 F Q 536 F

Chilled Water

4 A aNasLtnas

Evaporator
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1..a3avU$uarnAduuunansIu

2. in3avilduannduuuunilslaau
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3. in3avlsuarnanuuvinufu

4. p3avilsuanniduuuanau



§§§€ waavilsuanmduuunangiu

Fixed Speed and Variable Speed (Inverter Type)

Refrigerant R-32

Evaporator+X-Valve

Fixed Speed at35°C | =
EER = 3.4 w/w
EER = 11.6 Btuh/w

Variable Speed at bin Temperature SEER = 17 Btuh/w



Uszansnrnasavisuanndauiatan
(nuuuangdrvvidauuuilutea )

EER = Cooling Load/Electrical Power Input

EER (Energy Efficiency Ratio) viuaa w/w , Btuh/w
Electrical Power Input =1 Compressor +

71 Evaporator Fan +
91 Condenser Fan



?‘%@ Cooling Seasonal Performance Factor (CSPF)

Outdoor temperature bin distribution (ISO 16358 — 1: 2013)

Bin rambper 2134 LS el T &Y |00 2]E] W15 [Tl
Outdoortemperature t°C | 21 | 22 | 23 | 24 | B | 26 | 27 | 28 | 29 | 30 | 31 | 32| 33 ( ¥4 | 35
Fractional bin hoars 0055 0.076) 0.091 (0108 ) QLllg) 0.118) Q116 0.1 | 0083|0066 | 0.021 ) 0.019] 0.004 )| 0003 | 0.002
Bin hours n, molon | oy | omg | omg o o ] omg | ony | Mg | My | N | Ny | M | Mg
Reference binhours (nj b | 100 | 139 | 165 | 1% | 210 | 215 | 210 | 181 | 150 | 120 ) 75 | 36 | 11 | & | 4 [ 1817

CSTL D, CoolingLoad

CSPF =

Cooling Seasonal Energy Consumption, CSEC)

CSEC ZElectricEnergy

Cooling Seasonal Total Load, CSTL)

Seasonal Energy Efficiency Ratio, SEER =CSPF




Variable Refrigerant Volume,
VRV System

Peak Load Design Shared Load Design



§<%Qg seuuundsildausnsvinanu iy
Variable Refrigerant Flow (VRF)
One outdoor unit with Multiple Indoor units

Compressor -VSD

|
J

Indoor Unit /w Zone
Thermostat




§%§€ Indoor/Outdoor Unit

Bell Mouth

A Coil

4-Way air discharge
cassette type

ﬁ
/

44744
[y

s  Variable Speed
High wall type Com pressor

e —

_-.“

‘ Control Box

Floor standing,
cabinet type

. Pa=ls o &1
— ". |\:‘.{" ‘ A 3
< ,y, P, ©

“~ Accumulator
Tray “
Multiple Indoor Units Outdoor Unit
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stunilsuandaiatadinguy

" Primary and Sécondary Pump

Supply Water Return

L

S |

ﬁ Chilled Water

Secondary Pump
4 Cooling Tower

o%‘i 2 way &

Chilled ™y
Air Handling @i g a g ‘ 3 g Water Supply
Unit

; Chilled Water
Chilled Water Return
Return

Central Chilled water
~ Air Conditioning System

Water Chiller [

Water Supply

Condenser
Water Pump
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Screw Compressor P

trol
mﬂrm P :.:,Wﬂmmm

—
FrTe)
ail l:isf.n:lbu:-:n m:f-!l'*'-

Qo
: l IEvaporator

Condensér” | L. —

= \
= s \
Cil Sump
{located betwaon condenser snd vaporalod
& wessis have ASME nameplate
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Semi Hermatic Screw Compressor

Compressor
R

o — P \\-‘ N e
Wi

=
o
=
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§‘§§€ iw3aviindtduuuu Centrifugal (Chiller)

COP = Cooling Load/Electrical Power Input

COP (coefficient of performance) w1l W/W
vraldeutivaniiu KW/TR

Electrical Power Input
Compressor

Open Type Motor

COP 5.25
1350999 8Y (Chiller) kW/TR 0.67




§§§% Centrifugal VS Screw Compressor

COP

0.9
0.85
0.8
0.75
0.7
0.65
0.6
0.55
0.5

Chiller Capacity vs COP

¢

*

b

& Screw

'l'#..
B n

B Centrifugal

100 200 300 400 500

Capacity,ton

600




2% Chiller Cleanliness Index

Chiller Approach

< 16°F T, < @0
P. Refrig.ConTemp [*~°F
A Tel e 9 P *rﬂ:mD”F
90°F=T, Con.Water Temp.
AT=10°F
55°F=T
H"‘--______{Elj.w-atﬁ‘r TEFT"IFI'J =45°F
Te | Pe _ s
Refrig.Eva. Temp E{ 4°F
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W aaunagunatdunwaganuiii

rll 1

Shut Off .' "™ .

Valve \ :

| i e

ST g
" NcCheck

7

ﬁ/uam____'s 2 “Valve

Flexible
~ Joint
I



nascunanusau (Cooling Tower)

Low Water Drift Loss

ann1eduaan

vfiuaan
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Horizontal Split Case Pump
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§§§€ waavvinttdunuuaadu(Absorption)

- Tdssdluaradulal
Etem | shdluansvinaniu
Aoyl tHuaAuLnaa
awnauIusuNae
ilusranduiin
naenilu
g1sazand

Yuaisazareldnasuiiesni a8 a loun



%O%O% Absorber ,Generator waz Pump unu
Compressor

Tlannuausgy
| Retrigerant vapor

Tlaaueugy LRI

Water (refraperant ) = Souece
7\ 1amnuGue Heat
ﬂa as -—
Chilled water (
High] Power

-

A=AVt

1anuAUE ANUAURN Abcrbent: P

Low Power



Absorption
Single Effect

2322 kW

3158 kW

Steam

Out|3SC‘Q 115c|0ut * Inl 125 C

10.2 kPa AN o AAAN
Condenser Generator 92.4 Q
46.2C - — —
103.5C 76.1C
Sol. Heat Q =825 kW
; Exchanger ? g =0.65
62.4 C
Expansion W.
Valve
Strong|[Solution64.6 %
499Cc  Weak Bolution 59.6 %
1.8C _ Aisorb_er | 407C

12¢C |In Out| 6C

Chilled Water Q
2148 kKW
COP =0.68

Evaporator r

* In| 27C
Q

Condenser Water

2984 kW



§§§€ 1 Effect Absorption Airconditioner

Low Temp.
_~Generator
Energy Source %—ﬁ_ R R Condenser

"\ ||l____ Evaporator

b LI

) — 1z Chilled Water
: 1/

VA
r - L0oling Waler In

Coohng Water Out

H? _.

Sol. H
Excha

Absorber-

Pump —_




%%% Double Effect Absorption Chiller

High stage condenser Q; —— Low stage generator Q,

TWO STAGE STEAM-FIRED ABSORPTION UNIT

e TOMP

e !‘l'tl'j\'-;1 |

-f;—lt’}! | , § R
Condensate! il —adll § Clime
Out ‘ -

I -~ LW TENS
{ ) aesEnaton
AT



§§§% Comparision Between Single and Double

List unit Effect

Single Double
Evaporator temp. oC 1.8 5.1
Condenser temp. oC 46.2 42.4
Generater temp. LOW oC 103.5 85.6
Generator temp. HIGH oC 170.7
COP 0.68 1.2




%%%Dg Direct Fired Absorption Chiller

-

K {
|
|
’ Burner

"
h - razd ) ! !
-t

- e 4
Condense
Water




Steam Absorption Chiller

auto reguiating damper

Double Effect Steam Absorption Chiller

coaling water
P

Combined Heat and Power System
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i@5avavautdu AHU

FILTER

SUPPLY

AIR

EVAPORATOR

RETURN
AIR

A3 aIRIANLAUT KU
nyudauarniAsauly
waviiuainae@ (Return
Air) ua5ualITuLAuUN
AREEYINTAITNLEY WR?
gynadauldluvav

(Supply Air)
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Air Handling Unit ,AHU

Filter Cooling Coil g, " .

W e

| (m .Su&; ly
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|
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g§%§§ AUANA A

Waauldauwagonunatilunagiruau
ans1n1slnandsenuaualuweazaINLsIsad
WARNFSIANNAULALNAITAAAINULTIUAIAT LUK

—

V =u+w
,zjr;:'k_-l__«!‘az
= ..'I'-—l'
R
: &C'{:[ %
Backwand Inclined Foewand curved
Air Foil Blades Blades Blades

Low Velocity Low Velocity High Velocity V
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Double Inlet Fan Performance

Diameter 400 mm and speed 1400 rpm

Type Flow,Q |Pressure |Efficiency | Sound
M3/s Pa % dB(A)

Forward 1 1000 28 92

Curve Blade

Backward 1 570 70 73

Curve Blade

Air Foil 1 600 73 71

Curve Blade




Forward Curve Blade Performance

110
100 Surge fegion S
5 el
290 % — ~LEssur,
£2 w0 = % AN
ai T: 2,
£ 270 Ao e Ny,
20 o {Qtic UG
g g 60 > ef)}'cl.
E~4 § 50 // Ncy
S E (P C N N
& 2 30 s> AN
§ s 20 == «-Rotatip,, NN\
SE | N
10 N
%010 20 30 40 50 60 70 €0 90 100
Per cent of wide-open volume
Max. Power

Power Overload at wide open volume



%%g Backward Curve Blade Performance

v Non Overload Power at wide open volume

110
/ [ —
g 100 Static Pressyre —
2 00 | et 6| | T~k
g g 9 \‘\O‘Se/p \N,?%\ \\
td Q 80 N J‘O N
BE 20 P X 1>
+* o Ve ~
£%60 / xS /@/ X& AN
38 4 ,,\c\\c\q’ {g\o\e‘ \\
a Y
G §50 .\0'@ %\’b\\o ' \\
€< 40 / Rotat,o I N\
n

S € 3 \\\§\
&£ 20 \\\\\

(1)

£ I \

10 |
0
0 10 20 30 40 50 60 - 70 80 90 100

Per cent of wide-open volume

Max. Power



Air Foil Curve Blade

00 /ﬁ»‘\

YOS

[

\\

—

(0]
(=]

\\ LTotal press&ljrel// (L

Static pressure = T~ —
P >

| 1 |
Total efficiency ~ 4///

/%:Static efficiency
A

P
\

,

/]
AL 1]
/

>
(=)

N
o

Per cent of blocked-tight pressure,
maximum horsepower, efficiency

\

0 10 20 30 40 50 60 70 &0 90 100
Per cent of wide-open volume

Power closely constant at any open volume

—
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Wautvin MERV 6 3a 30%
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AT TIURNUNSAID NN

ASHRAE DUST SPOT
139 MERV

Aluminum Filter 10-20%
Synthetic Fiber Filter 55%
Hepa Filter 99%




§§§% aMuaAUsIU (Total Dynamic Head ,TDH)

P>
Vs

‘ I
T 3
Vi, Z, UZZ
|

ANMUAUSIN = ANMUAUIAA + ANUAUAINULEYI+ ANMUAUAINUFY

2 2
P.-P, V-V -
™H=-2 14+ 2 1 .7 7 dunuleniu m




§§'§% AaMudusafinsIu (Total Static Head)

ANUAUIANTIN = NAMNIANUAUIANG

V2 52
2g  2%9381

=1.27m_, =1.53mm.wc



§§6@€ Andveuna , P, Jas (W)

Py = To = 2nTN/60

dla T = wsotia, fadu (N)
Q = 27N AnuBITINN |, stiau/3un (rad/s)
N = AN5I5aY , 5au/uvi (RPM)



§§§€ szandsninsiu (Total Efficiency)

Total Efficiency = 2 QTDH _ 4320.Q.TDH
W \W

Q = Usuraan widedu m3/hr )
TDH = Total Dynamic Head wienilu ua.z@91in
W = Advnan Ay Jne

nAnILwIE ,N/m3

<
Il



%%‘gi?% Ussansnrwadesian (Static Efficiency)

CFM x TSH
6350xBHP

Static Efficiency =

CFM =13u1aiau winenilu ft3/min ) )
TSH =Total Static Pressure Head henilu fiauagin
BHP =r1avnanlawnuiieilu HP
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36510115 115

ANUAU

ANRAYIIU

3
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%O% Actuator :Electrical Control Valve

__——POSITION  INDICATOR

ACTUA
HIATOK MOTOR DRIVE SHAFT

MOUNTING
BRACKET

LINKAGE

Electrical control valve
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Plug Shape

e

md b

A: Quick B: Linear C: Equal
Opening Type Percentage

Type Type

Steam Hot / Chilled Water



Characteristics of control valve

100 I T

Quick
opening

75—

Equal
percentage

Percent of full flow
(constant pressure drop)

25

(o)

25 50 75 100

Percent of full valve stroke

Flow characteristics of control valves.



Heat Exchanger

*T.

E, — HEAT EXCHANGER |—> L

!

z

0= LdAr,

Log mean Temperature Difference
AT -5 = (T, - 1)

TLY SR
- 'II.T|‘|_T| —J'E'I’-I_Tz—n]

Water (1= mac, (£, = £,

Air  Q=m(h,-h,)

TEMPERATURE

LEMETH

Approach Temperature = T,-t,




Heating Coil and Temperature Drop
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§§g®% Cooling Coil Performance

A5°F mlet water at a [0°F ri=e
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ox~Equal Percentage Control Valve

Q
Heat A100
Q_kL Hot Water
90 Heat Exchanger
I
I
100 |
L (- 20 19 IOO>
Lift | 0 Flow
I
I
50
- — —— Equal Percentage
Valve
LiftW100




Control Valve Sizing

0=C,A /%AP = C,JAP

0=C,JAP GPM = C,PSI
O =K, AP M’ | hr = K,/ Pa



Valve Size

Normal Size ,inch CV
1/2 3
1 14
2 55
6 400




Pressure Independent Control Value , PICV

Pressure Independent Control Valves

MaInUANLaTUTUdNAadanludALuudnI N sivaliuysiuaiuauau
y 1182AUANLasUSUANAag A ludALUUEAIINIS
Inaliuvsiunuanuduludurie Ysznaudaeau
i pauAn 2 yn yausniudufinauauduvisdae
e -~ i eLAD NS INUAIUANIIN Thermostat Lile
AIvANd AsINTsiunaliidanndasnulnanuay
A gmwgﬁﬁaiﬁﬁmn.ﬁ ) ;!ﬂﬁﬂﬂﬁlﬂﬂéﬂﬁﬂ?UﬂEklﬁ:’
SnwausuAnAsauNauYausn (P2 - P1) 1#ins
aaaaalagIzUTulAsumuvsauausuly
Q = C xVAP Wuviefidsuudasly ﬁafﬁﬁa%’nmé’mwmﬂwa
P M AsfiAIuAUMisA e sRugausnldnasatian

Q= f(A) widranuduludurioaziinnsuusiiu

P1- P2 a4#

1lsifiaed Balancing Valve Wad5uamnsnnisiuan Ny design
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Chilled water valve is modulated by room thermostat to
satisfy room cooling load

/ Filter

Cooling Coil

Blower

Return
Air

% Supply Air

MV

o —

Chilled Water Supplf[ ‘

-+
Chilled Water Retumn

Room Thermostat

L

~




§§§% szud AN UUlsataunilseiuy VAV

Chilled water valve is modulated by discharge air thermostat to

keep constant discharge air temperature and air flow volume is
changed by zone thermostat to satisfy room cooling load

/ Filter Cooling Coil H?D ________ _t: SF | \
3 h o i
Retum | n*.,l < Supply Air
Air o il
U s
LN\
= I '-T.-' l'.. 2 =
[T e B E— Blower |
Chilled Water Supply | Discharge Thermaosiat o1
S :
e i i
=4 - — 4 — = My o i e
Chilled Water Retum Zone Thermastal | 11 ;\ 5&3“‘ T2 \




Air flow
measuring
device

Room temperature
sensor

Room thermostat

P VRN T, e e S

Q/

23184 VAV(Pressure Independent Type)



a 4
@%@% NM3AIVANYUTNNIUYiDI(Cascade Loop)

Flow control (inner loop) + Temperature Control (outer loop)

VAV Box :Pressure Independent Type

T Tm

Cooling_— g . g
Air Orifice Damper

b T |

Differential
q Pressureg| D-1 :120 Vac
Pickup A

- d
Reset Hi C-1 581 o Yae
Controller ISA 24H 24G Zone
SP /L j\\ Sensor
24 Vac T-1

Flow Controller



§§§>€ Asauaussuunuuilsunasuilsilaau VAV

Blower

Cooling

Filter  Coil VSD]— —
ey

CWR < AL- Slower — E .
CWS
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miq@ﬁﬂmmﬁ’uiuﬁ@amﬁmmﬂmmg?mﬂmu
L V?
hf = f——
Dh 2g

Ne= msgay@eanuay , M

f = friction Factor, dimensionless
L= anwuegvean,m

V= anucraumasluiean,m/s

g= anultiuaaalan,m/s?

44 o
D=7 = Hydraulic Diameter ,m

A= duimihdaneay, M2

P= Perimeter Cross section ,m
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friction Factor,f

s 68
'=0.11 + 02>
1= 004

f'20.018 then f=/f"'
f'<0.018 then f=0.85/"+0.0028

DV . .
Re= Z Reynolds Number, dimensionless
L = Kinematic viscosity, m/s?
E . . .
s = Duct roughness ratio , dimensionless

h

wso T mlann Moody Chart



R Fitting Pressure Loss

pV*

Ap=C
p=r

Ap = Fitting dynamic pressure loss
C = loss coefficient

Total system pressure loss is the sum of the longest

run duct , all fittings ,branches ,grill , volume dampers
. filter and diffuser.



2% Total Static Head ,TSH

TSH = masawwesmsgadennuaulune fittings uazqulnsal
a9 TussuUNeau

Longest run duct 0.1 in.wc/1001t

Fittings

Return Air Gnill

Filter

Flexible Connector

VAV Box

Supply Air Grill

TSH




Typical Air Velocity

Recommended velocity
Residence Schools, pubbc | Indusinal areas
areas
Outside air 500 500 500
inket
Fan outlet 700 800 1000
Main ducts 700-900 1000-1300 1200-1800
Branch duct 500-600 500-600 800-1000




Typical Duct Lay out

Hoelsza




o%©  Fanand System Curve

Prassure P AP = F(IY)

A

Duct System Curve

Operating Paoint
}/ Fan P-0) Curve

o, ()



RS Duct Design Methods

1.Equal Friction Method

Ducts are sized for a constant pressure loss per unit length i.e
0.1 in. of water per 100 ft and velocity range from 500 to 2000
fom .Also fan static pressure is sized for the longest run of air
duct. Others run required damper for flow balancing

When energy cost is high and installed duct work cost is
low, a low friction rate design is more economical.
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Air Duct Sizing

= S i AT ATATA S § s i
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Figure 12-21 Pressure loss due to friction for galvanized steel ducts, TP units. (Reprinted
D.A_..

taalv Vinla P 1997\

by permission from ASHRAE Handbook,



R Duct Design Methods

2.Static Regain Method

To obtain the same static pressure at diverging flow junction by
changing down stream duct sizes using iteration method.

A
AUﬂ—z — 5 - 5

Avﬂ_z = Total pressure loss from upstream of
junction 1 to upstream of junction 2

V,= velocity at junction 1
V,= velocity at junction 2

Static Regain method is usually use for the Variable Air Volume ,
VAV duct system (medium to high pressure system)



§§§€ Duct Sizing using Equal Friction Method

FTULYIRANA MU TH 2UANUN 640 m?1FNN0uAN 48000 cfm

Equal Friction ANYUAAIANNALEILALFAAAIN 819%18 0.1 in.wg/100 ft.wg
azlfiAnmanAugnia aNlanan1sdurian inangawiniu 1.322 in.wg
(329.3 Pa) Wunviaau 24816 ft? MNAINAAN 4.95 kW

Static Regain axnnaananndaanewsazialean winmu e linisdiuaniduld
1hdnen iaaanuuL faedataz liAnNAUgTIIALITNLYINAL 0.836 in.wg (208.2
Pa) NUNVBAN 27660 FEANRINAAN 4.95 KW Useneinnasanu 12.5%
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%%%% INIDINDANTIVIA

1. Power Meter

2. Temperature and Humidity Meter
3. Anemometer
4
5

. Ultrasonic Flow Meter
. Pressure Gauge
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mMsagdamad i 3 e P=VBrcosg

2-watt Method
Source 3W 380V g Load

L1
Reference L2 TUT
volt

L2

|
100 | ée
—1 R * L Ju s1
| e Watt 1
=1 L2 32

g

L3 watt 3
L2

mMsasa9Iamad il 1la  P=Vicos¢
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§§§€ 19309 IAYUNYUUAZANNFUUDIDINA

HUMIDITY-TEMPERATURE METER |

QUNNN  ¥UA Thermister
F19IA -20-60 °C

A A
ANUBU YUA Capacitance

¥ 0-100 %
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%C%% P3035an S
wauiluiiimes Anemometer

H
n

uuuluwanu - HUUAINIOU
Turbine Anemometer Hot Wire Anemometer




Ultrasonic Flow Meter
AIDIIADATING AL




Ultrasonic Probe
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b 2D — W
Transmitter Receiver

| C 1

Z—" 7

Silicone
D \%

73 l

Obstruction Obstruction

t-to = f(V)

aNMSAFelue1Ma 330 mps

< = 3)’ < Y
mmaﬁamﬂﬂumzﬂu S !1’]15119\111!?)1ﬂ1ﬂ
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§5§5®€ ANUAUNI(TUNNT)

AUAU 1 FANNANNAUDIIENMNA
Y J v I
quY Jouilu kpa
ANNAUVIIENMNA, kPa
1013 kPa |—
14.7 psi '
o 1 U/
ANNANNAUDIIENMA
760 mm.Hg

¥ JaJun g mm.sen
0




gﬁ%?g (AVIAAINAY
(Pressure Gauge)

AINNUTTEINA
0-100 psiuag

A1PIUTTEINA

0-30 in.Hg
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sem3 | elnsaivienies aals Amsida | MW
1 AONINIALED3  |nazite TN 80 %
2 mad i 569 kW
3 AOUIAUIEOS  |on1 Hatnvaony 206 LPS
4 aushmaeiugh 23 psi
5 anusuThvdedusen 15 psi
6 Qmwgﬁﬁmdmﬁm% 57 8 oC
7 qmwgﬁﬁmdmﬁu@aﬂ 329 oC
8 309500 [saanatineu 163 LPS
9 AN 122 psi
10 ANy LN 107 psi
11 gumgivududh 13 oC
12 qmwgﬁﬁwgﬁuaaﬂ 8 oC
13 AIMANNEY  [Anuauga 35.9 kPa
14 AUALA 60 kPa
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MSMUINUTLANTAIWATDIMI BT

10 91ln3alAnTos aunls g3 My | M
1 AoumIenaes  |nszua lWvh I 80 %
2 maa vl W 569 kW
3 ADUIAUIEDT  [5051m15 g Vi 206 LPS
4 guvigiiudh Ty 27.8 °c
5 auvigithesn T 322 °c
6 1309320 Sas1ms g v, 163 LPS
7 amvgitiudh T, 13 °C
8 aumpithoen T, 8 °c
9 MmNy % Q, =4.187 V, (T,-T,) 3412.4 KW
10 sEineANNIoN |4, Qy =4.187 V, (T, T,) 3795.1 kW
11 COP COP=Q,/W 6.0

12 kW/Ton kW/Ton =3.52W/ Q, 0.587 kW/TR
13 AUAANAINY Que=Q +W 3981.4 kW
14 A (Qc-Qy)*100/Q, 4.91 %
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Filter Cooling Coil Blower | kKW




Q/ 4 1 <
ﬂﬁ@]’i’ﬁ]’)ﬂlﬂ%@ﬂﬁflﬁm&u

=

HAALAUAT O

Futlsiinsaeia fuanyel| 1l A19135979
nou 1aq
ANUGIAY \ m/s 2.0 4.0
WnauiThdaresaundy W m 1.3 1.3
H m 2.2 2.2
RUNNUVDIANNA TDB, °C 25.0 25.0
AFUFUNTveaund RH, % 65.0 60.0
RU¥YNVDIANY TDB, °C 19.0 15.0
AT Svetaus RH, % 80.0 90.0
e liunsoadeaudu P kW 8.0 9.8




Psychrometric Calculator

T Psychrome... ‘_‘:' | Bl Xg_i;

D& W E & rs
Altitude 0.0
Barometric Pressure 760.001
Atmospheric Pressure 101.325
Dry Bulb Temp ||25
Wet Bulb Temp 17.8792
Relative Humidity 50
Humidity Ratio 9.923043/
Specific Volume W
Enthalpy
Dew Point Temp 13.8674
Density 1.177505
Vapor Pressure 11.8882
Abs. Humidity 11.56849
Parts Per Million by Weight 9,923
Parts Per Million by Volume |15853

(=]

ﬂ Psychrome... | =

X

o

D | B & I s

Altitude
Barometric Pressure

Atmospheric Pressure

0

29.921

Dry Bulb Temp

Wet Bulb Temp

Relative Humidity

Humidity Ratio ™ gr (¢ b
Specific Volume

Enthalpy

Dew Point Temp

Density

Vapor Pressure

Abs. Humidity (™ gr + |b

Parts Per Million by Weight
Parts Per Million by Volume

14.696

75.0

62.54
50.004

0.00928

13.6748

28.1500

55.128




Phychrometric Chart
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N19ATUIS EER 289 FCU AHU

NAIRNUNUNT DI

5193 qN3 MUY AU
nowu Had
PUNalvesaundy, H, kl/kgda | 58.14 52.97
PUNAYVOIaNY H, ki/kgda | 47.06 39.36
fuRmhdaresaundy A =W*H m 2.82 2.82
YSunaaudurmunoes Q=V*A /s 5.64 11.28
Ysuasdumizvosannay v m’/ke.da 0.86 0.86
YUIATIANLEY q kW 72.52 178.75
saa Trlfunsoedsauiu P kW 8.00 9.80
EER U04A30989a3Ey EER = g/P W/W 9.07 18.24
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' 9
fﬂi@ﬁ?%?ﬂﬂigﬁﬂﬁﬂTWLﬂéﬂQ’QUHT (Inverter)

A3 fadnuel|  neu was | niao
annzmsilands % 100 100 %
mas llihddhuemes Wi 8.7 3.7 kW
arwd llihdudomes Wy 50 38 kW
ANUAUAIUAR P, 7 7.2 psi
ANUAUATUDY P, 34 30 psi
5a3111a Q 00151 | 00114 | ms
YUIANDATUAA D, 2.5 2.5 in
YUIANDATUIY D, 2.5 2.5 in
HAANVDIANNGIATUNIBLAZAR | Z,Z, 0.7 0.7 m
Usganimmuenes .. 0.85 0.85
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aals

oY

ANy gas Mad ATRT
ANUITIAIUAA V, |V, =D /4) 4.77 3.72 m/s
ANUG UG V, |V,=QUTD /4) 4.92 3.72 m/s
ANUALANATOUIAT DAY AP, =(P,-P)) 186165 | 157206 Pa
ANUAUANATONIINANUIS ) Ap,=0.5 p(sz—Vlz)) 745 0 Pa
ANUAUANATONDINTZAUANING Ar,-hz,7) 6867 6867 Pa
AP, =(P,-P)+(0.5 P v, -
ANUAUANATOUNILLN Ap,, V)P g (Z,2) 193777 | 164073 Pa
Mgsnuhduesnasesgy oty |Wou,=Q AP 2.93 1.87 kW
MdanunaduduaTeagy oo [Wino =N Winm 7.40 3.15 kW
ﬂﬁzam%mwgﬂ%qqu N, Mo =Woup! Winp 39.6 59.5 %




4.Cooling Load of Air Condition




2% Cooling Load of Air Condition

Design Conditions

DINIANIYUDNDINTT

gaunnl nszihzurs 95 °F (35°C)
gl nsznheidlon 78 °F (25.6°C)

AU TN S 47%
Humidity Ratio  0.01686 Ibs,/lbs,,,
@1ﬂ1ﬁﬂ181u@1ﬂ13

gunndl n3zinhzuds 77 °F (25°C)
ganigl nszhzdlen  ©695.6 °F (18.7°C)
ANUFUTUNNS 55%

Humidity Ratio  0.01093 Ibs,/Ibs,



R Cooling Load

1. Sensible Heat Gain through
building envelope
glass window
Partition to unconditioned space
Exposed floor

2. Infiltration and Ventilation both sensible and latent
neat
3. Internal load
Peoples and occupancy ; sensible and latent
Appliances : sensible
Lights : sensible




giz%goling load calculation method

Heat gain through building envelope : walls,
doors, roofs, and windows (only window
conduction)

1.cooling load temperature difference method ,CLTD

2.transfer function method and
3.5So0l-air temperature method




%%%@ Cooling Load Temperature
Difference, CLTD

MIHATNIOUAN M e -

A fr Nk

o o o a  d Y AT AT T
%ﬂLﬂﬁﬂ’lﬂﬂﬁﬂﬂﬂﬁmﬂﬁaﬁ‘]fﬂﬁltmi’. TLTT 3081716

ATBILANA1VBIRRNAN: T T,

T- gnnimeven

s gANaY
T- gamgimoly
AT i
l I asiion
Q = U*A*CLTD

CLTD equivalent temperature difference , -F

U= over all heat transfer BTU\HR
A=Area ft2



§§§€ Cooling Load Temperature
Difference, CLTD

; y y S : -
MIMANUIOUENUM IR &% o iiag
R

& = o o =5 o s | P -
*ﬁdL'ﬂﬂﬂ]ﬂﬂﬁiﬁ]ﬂﬂﬁmﬂﬁaﬁ‘lﬁﬁlum T 30019108

AILANA 19D IRANAN: T T,

" T- gukiginieuen
aAnaH

LTI ol
' = — dzvou

CLTD is a function of variables include, building material of
the envelope, thicknesses of the building materials, day of
the year, time of day, orientation of the surface (e.g. wall or

roof, 90 degrees or 180), and wall face orientation (cardinal
directions, i.e. N, NW, S, SE, etc.)

T auvigiimelu




%% Heat Gain Through Roof
qg=AU.CLTD

e WUy | yuees i fingam U DSH |ICLTD! RTTV
Sl m2  W/mXKkJ/m3.K| K |W/m?
FLU HAIA “aea 1 372 1.27 278 17.3 21.97
WA 2 220 1.23 345 16.5 20.30

CLTD for glass window =5




g%gr hourly solar heat gains through
windows and glazed surfaces

Oy WHALIWAR
= YA
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I- r}imiqi"m‘:u’lu I - qmnqﬁ:—‘r‘luum‘r

' q=SCLASC

SC= shading coefficient
SCL= solar cooling load factor




%%‘%é)% For hourly solar heat gains through
windows and glazed surfaces

Q = SHGF,_.. CLF. SC .A

Q = cooling load for reference glazing system, Btu/h;

SHGF ., = maximum solar heat gain factor, Btu/h;

CLF = cooling load factor, ratio cooling load to maximum solar
heat gain; derived for each hour the day

SC = shading coefficient solar heat gain of fenestration system

solar heat gain of reference glass
A = area of fenestration, ft




833%% For hourly heat gains due to
people, equipment , and lighting

Q = Q.*CLF + Q

CLF= cooling load factor This coefficient

accounts for the time lag between the
outdoor and indoor temperature peaks.

Q. sensible heat gain ,Btu/h
Q, latant heat gain , Btu/h



%%gHeat gain due to Infiltration and
Ventilation

Total heat
q = 4.5 CFM(h,-h,) Btu/h

Sensible heat

Latent heat
q = 0.69 CFM(w,;-w,) Btu/h



Thermal Comfort

Environment

1. Air temperature ,T,

2. Air Relative Humidity

3. Air Velocity

4. Mean Radiant Temperature , T,

People

1. Metabolic rate depend on activity
2. Clothing

ASHRAE comfort range

Temperature . T, : 21-28°C
Humidity : 10-80 %RH

Operative Temperature ,T, — combine air
temperature and mean radiant temperature



5 Psychrometrlc Chart
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Psychrometric Chart

Moist Air Properties Based on Dry

ASHRAE PSYCHROMETRIC CHART NO. 1

5
6

H

S5

Air Mass

NORMAL TEMPERATURE
BAROMETRIC PRESSURE: 29.921INCHES OF MERCURY
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Psychrometric Calculator

T Psychrome... ‘_‘:' | Bl Xg_i;

D& W E & rs
Altitude 0.0
Barometric Pressure 760.001
Atmospheric Pressure 101.325
Dry Bulb Temp ||25
Wet Bulb Temp 17.8792
Relative Humidity 50
Humidity Ratio 9.923043/
Specific Volume W
Enthalpy
Dew Point Temp 13.8674
Density 1.177505
Vapor Pressure 11.8882
Abs. Humidity 11.56849
Parts Per Million by Weight 9,923
Parts Per Million by Volume |15853

(=]

ﬂ Psychrome... | =

X

o

D | B & I s

Altitude
Barometric Pressure

Atmospheric Pressure

0

29.921

Dry Bulb Temp

Wet Bulb Temp

Relative Humidity

Humidity Ratio ™ gr (¢ b
Specific Volume

Enthalpy

Dew Point Temp

Density

Vapor Pressure

Abs. Humidity (™ gr + |b

Parts Per Million by Weight
Parts Per Million by Volume

14.696

75.0

62.54
50.004

0.00928

13.6748

28.1500

55.128




Process on Psychrometric
Chart

& Heating
>

(®))
X
¥
R Dehumidifying
N
& o
N2
TDP,C Ky Humidity Ratio
: “8 kgw/kg
O//\ wi da
o‘o?\\e\ @ /Ob
%
TDB,C\\ %

Dry Bulb Temperature



Psychrometric Process

ASHRAE PSYCHROMETRIC CHART NO.1
NORMAL TEMPERATURE

SEA LEVEL
101.325 kPa

2
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Adiabatic Mixing of two Moist Air
streams

Energy Balance : my,h,+mg,,h, =my,3hs ,
4, \// R
. — a4
Mass Balance : mg+My,, =Mgya3 ; \ |
/ L L L i /i
I

Water Balance : my W ,+m,,W, =m,3W; '

(L\ x//////| Ws
hz _h3 _ VVz _VV3 _ m ;. 'm&)/

0
h—h W, =W, my,, T

Line32 m, or Linel3 M, Fig.6 Adiabatic Mixing of Two Moist Airstreams

Line3l m,, Linel2 m,,

T=To+ - “S(TTy)  hy=he+ 3% (hyrhy)

m ;s



Adiabatic Mixing Process

State1: Outside Air 4 °C Tdb,2,CTwb and m,=2.535 kg.da/s

State3:?

Linel3 My, _ 7284 447

Linel2 m,, 9.819
T,=4+0.742 (25-4)=19.58
hy= h,+0.742(h,-h,)

State2: Return Air 25 °CTdb,50%RH and m,=7.284 kg.d/a/é

@ Return Air
Mixing @ <

@ Outside Air

S
N
N
<
QO
§
&

TDP,C

‘ TDB,C
2 4 146 195 25 DryBulb Temperature




Cooling Moist Air Device
Through Refrigerant Cooling Coill

REFRIGERANT

{ A

Energy Balance

. — —— eg— e
— s ——— ]

0 o0 c
mdahl o mdahZ T q12 +mw

S N

Mass Balance hy | | h,

w. I | w.

o . 0 0 1 } { :
m, w,=m,w, +m_ | |

qi, = my[(h —h)— (W, —w,)h,,]

Fig. 4 Schematic of Device for Cooling Moist Air

Sensible heat q,,= Total heat — Latent heat 0
mda —

v



Cooling &Dehumidifying Process
Through Refrigerant Cooling Coll

qy, =My, [(h — 1) = (W, —=w,)h,, ] ,
4, = 5.71(64.3-29.5) ~ (.0133-.00766)42.1},_ 7
g, =198.36-1.36 =1.97

Humidity Ratip
O/ KGua

Sensible Heat = 197 kW h

Wi 1133

Total Heat = 198.36 kW 5 \\w
Latent Heat = 1.36 kW \\L\\ We | 7.6
Sensible Heat Ratio = 0.99 \\'Og
Q'=5m’/s onc
o zizsj kg/s 10 DryBulbT emperature 30



Heating Process
Through Electric Heater

Humidity Ratio
gW/kgda

DryBulbT emperature Ty Ts



Adiabatic Mixing of Water Injected
into Moist Air

v

0
mda

Entering | | Leaving
Air Air
—> I S —>

h, prays h,
W1 I '\
|




Adiabatic Mixing of Steam
Injected into Moist Air

Energy Balance : m ,h,+m h, =m4h,

Water Balance : m,,W,+m,, = mdaWW

Ah

h2 . ]’l] B Ah B h m=2.691 kl/g N\ @\
w,-w, AW " 20€
hy = by +(W, =W)h, o

8 1320 21 pryBulbT emperature

State1: 20°CTdb,8°CTwb 2 kg,./s
Steam inject 110°C  h,= hg=2691 kJ/kg =2.691 kJ/g

State2: 13°CTdp Tdb="7? 21°C



Humidifying Process through Steam Injector
Steam inject 110°C  hg=2691 kJ/kg

%zzﬁmwg \ 5 O I
@ Hurg\lt/iit;?atio 18
8 13 20 21 DryB ulbT emperature
3-1.8
b =24.685+ 1 ) 2691 kJ/KG. 4a

1000



Dehumidifying Process
Through Adsorption Material

&
4

qdr !

0 O w
/)9
«““?"O
W,
) Humidity Ratio

Jw/KJda

Dry Bulb Temperature
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Cooling &Heating Process
for Summer/Winter

S
N

Summer
------- Winter

Summer

RDDm Load

Jos ....9
Heahng il

Humidity Ratio

Outside Air G/ KGua

Winter

TDBC

CryBulbT emperature



Temperature and Humidity
Control with Reheat Heater

Filter Coolllng Heater Blower
Coill

Return Mixed Air 7 g Supply Air
Air ® @ >® % —
@

l/\j %RgT -

(1) Outside Air

Control Temperature by Temperature Sensor and
Cooling Coll

Control Humidity by Humidity Sensor and Electric
Heater (Reheat)



Temp.& Humi. Control with Reheat

Line 5-2 Room Total Cooling Load 3
Line 5-6 Room Sensible Load *
Line 6-2 Room Latent Load Outside A/ 3D

Line 4-5 Heating Sensible Load
Line 2-3 Fresh Air Total Load

Line 3-4 Coil Total Load (3)Mixing
> Go'\\ 2 ) Return Air
\S‘b Y
S}— & Latent Load
Q
'y © S @
44/Q Heater Sensible Coad
D~
TDP,C.* BYmidity Ratio
/ \e\ gw/kgda
. °|°?\
TDB,C

Dry Bulb Temperature



State & Process Calculation

State Air Flow Dry Bulb | Wet Bulb | Rel Humidity |Humidity Ratio,W| Specific Vol Enthalpy |Dew Point| Density
cfm Temp °F | Temp °F %RH Ib.w /Ib .da ft’/Ib.da Btu/lb.da | Temp °F | Ib .ma/ft’

OSA1 400 95 87 47.294 0.01686 14.3564 41.3955 71.8 0.07085
Reture air 2 3600 75 62.539 50 0.00927 13.6748 28.1492 55.125 |0.073812
Mix air 3 4000 77 64.35 55 0.01004 13.7425 29.47383 57.276 | 0.073505
Coil LA 4 4000 55 54.173 95 0.00876 13.1528 22.7122 53.596 |0.076703
Reheat LA 5 4000 60 56.178 79.343 0.00876 13.2804 23.9318 53.596 | 0.075965
Room 2 4000 75 62.539 50 0.00927 13.6748 28.1492 55.125 | 0.073812

Total Cooling Capacity, g = m°(hs-h,)

Sensible Capacity, q, =
Latent Capacity, q; = m° hg (w;-w,)

Condensed Water, w = m°(w;-w,)

Mass Flow rate of dry Air

Volume Flow rate of dry Air  ()°

V =Specific volume

mOCp(T3'T4)

0 —
mda T

0°




Equipment Capacity Sl unit

Cooling Coil Capacity =h,;-h, kJ/kgg,
Heater Capacity =hs-h,  kJ/Kkgy,
Room Load =h,-h;  kJ/kg,,
Room Sensible Load =hg-h;  kJ/kg,,
=C,(Te-T5) kJlkgy,
Room Latent Load = h,-hg kJ/kgg,



Cooling Coil Capacity (Air Side)
Total Capacity, g = m°(h;-h,) = pQ°(h;-h,) Btu/s
~ 4.5 CFM(h;-h,) Btu/h
Sensible Capacity, q; = mec(T,-T,) = pQ°C(T;-T,) Btu/s
~ 1.08 CFM(T;-T,) Btu/h

Latent Capacity ,q, =m° h, (w;-w,) = g-qg Btu/s
~ 0.69 CFM(w,-w,) Btu/h

Sensible Heat Ratio =q./q

Humidity Ratio ,w = grain water/lb,

Dry air : p at 70°F = 0.075 Ib/ft3
Cp=0.24 Btu/Ib.°F =1.005 kJ/kg.K



=

szuUUdsUaANAERAZVINAINULEU

Cooling
/heating
Process Air Flow Load Dehumi | Sensible
Total Sensible Latent Ratio
Ib.da/h Btu/h Btu/h Btu/h Ib/h

CoolingCail 17464 | -118086 | -92210 -25875 -22.35 0.781
Heating Coil 20957

Room Load 73653 62871 10782 0.854

OSA Load 1672 -44433 -29340 -15093
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