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2-1 HVACZ § & a2 3

B S B

A Possible energy conservation opportunities
listed in 90.1 for air side systems in buildings:

v Equipment must be automatically scheduled off
during unoccupied hours.

v Alir- or water-side economizers are required. There
are several exceptions to this rule, particularly
when dealing with heat recovery .

v Reheat is allowed if at least 75% of the energy for
reheat comes from on-site energy recovery
(Templifiers).

v Fan motors larger than 7%2 hp on cooling towers
must either have VFDs or be two speed. A control
system is required to minimize power usage.




»
2-1HVACZ # & ik (5 )
— > E""j = = ~
N v e
i ﬂa Rt P

v Equipment must be automatically scheduled off
during unoccupied hours.

v Alir- or water-side economizers are required. There
are several exceptions to this rule, particularly
when dealing with heat recovery .

v Reheat is allowed if at least 75% of the energy for
reheat comes from on-site energy recovery
(Templifiers).

v Fan motors larger than 7% hp on cooling towers
must either have VFDs or be two speed. A control
system is required to minimize power usage.




2-1HVACz% 5 ler s 23 (F)

AMINIMIZING DURATION OF OPERATION

v Turn off handling systems systems when they are not
needed.

v Where spaces operate on regular schedules, use
timeclocks to start and stop air handling equipment.

v Install optimum-start controllers to adapt starting times
to weather conditions.

v In spaces with irregular usage, install rundown timer
switches to provide user control of air handling system
operation.

v In spaces with irregular usage, Install personnel
sensors to control are handling equipment.

v Assign responsibility for operating air handling
systems to the personnel who administer the spaces.
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J OUTSIDE AIR INTAKE

v Adjust outside air intake to the minimum needed to
satisfy comfort, health, and code requirements.

v During periods of reduced occupancy, control outside
air dampers and exhaust fans to reduce the quantity
of ventilation air appropriately.

v Control outside air intake by sensing air contaminants.

v Use air cleaning to reduce the need for outside air
ventilation.

v Provide outside air economizer cycle operation of air
handling units.

st e
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EI OUTSIDE AIR INTAKE (con’ t)

v

Install enthalpy control of enthalpy control of
economizer cycles.

Install a purge cycle for overnight cooling.
Install and exhaust air heat recovery system.

Improve the envelope penetrations of air handling
systems to minimize air quality problems, wind
problems, and energy requirements.

v Minimize the use of extra heat for freeze protection.

Eliminate air handling system stratification that
Increases energy consumption or reduces comfort.
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J SINGLE-ZONE SYSTEMS

v Install placard at user controls to encourage efficient
operation.

v If conditioning cannot be turned off during unoccupied
hours, install temperature setback.

Match fan output to the conditioning load.

v Cycle the running for the fans and other air handling
system equipment with the space thermostat.

Install multi-speed fan motors.
v Convert the system to VAV operation.
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0 SINGLE-ZONE SYSTEMS (con't)

v Install thermostatic controls that allow space
temperature to drift within comfortable limits.

v Install thermostats that require manual switching
between heating and cooling.

Install deadband thermostats.

v Adjust or modify the coil controls to Increase
deadband.
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v Keep the temperature of the cold deck as high as
possible and the temperature of the hot deck as low
as possible.

v Install temperature rest controllers for both the cold
deck and the hot deck.

v Turn off the cooling coil or the heating coil whenever
practical.

v Install multi-speed fan motors.

v Convert the system to variable-air volume (VAV)
operation.

SIL#HPKRE
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e

d VARIABLE-AIR-VOLUME SINGLE-DUCT
SYSTEMS

v In spaces with shutoff VAV terminals, Install
thermostat placards and deadband thermostats.

v If the air handling systems cannot be turned off
during unoccupied hours, install temperature setback.

v Minimize the minimum-flow settings of terminal units.

v Set the cooling coil discharge at the highest
temperature that maintains satisfactory cooling.

v Install automatic chilled air temperature reset control.

v With minimum-flow terminals, install heating/cooling
changeover.

v Improve the efficiency of fan modulation.




2- 2 Fan Law

s P e E

Dependent
Law No. Variables Independent Variables
la 0, = @ x (DJ/D) (NN
1b P = pa X (DD (NN’ pi/py
lc W, = Wy X (DD (NN pi/ps
2a O = @ X (DUDY (pip"? (palp )
2b Npo= Ny X (DD e (polp
2¢ o= W, x (DYDY (piip)” (palp )
3a N = Ny X (Do/DY’ (0 /02)
3b p. = Py X (DIDY(2V2D PP

Notes:

1. Subscript 1 denotes the variable for the fan under consideration. Subscript 2 denotes
the variable for the tested fan.

2. For all fans laws i(mn,)| = (N, ), and (Point of rating) | = (Point of rating)s,.

3. pequals eitherpfarpgf.
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2-3 Reduce Heating and Cooling Loads
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2-4 Reducing Fan Flows and Air System

Resistance

L e e e e

Variable Air Volume (VAV) =4 %% © Shan K. Wang. 2001.

Handbook of Alir-
Conditioning and
Refrigeration, McGraw-Hill
Professional.

Ap,in. WG &

Fan performance
, curve

Modulation Inlet vanes opening

LR —

'

Set point of duct
slatic pressure
tontrol

S

FIGURE 19.14 Modulation curve of a VAV system installed with duct static

1:’, cfm

ressure control
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2-4-1 Variable Air Volume (VAV)

BRI

A . WG i fe it et ne e e e ]
Pry i1
A /c /
De [ /B
Apy £ va
/ / 4
7
Ap, L / A
/ / S A p,, loss at
/ / // damper
/ / /s l
/ /
/ A F
/ 4y
Ve /////
e v
e -
R
O - - o=
Php 4 V. cfm
Damper
Py A
Py’ r —
R kR ¢ Shan K. Wang.
Fe! ¢ N 2001. Handbook of
Air-Conditioning and
Refrigeration,
McGraw-Hill
Professional.
0 oY, Vi ¥, cfm
(a)
FIGURE 19.15a Modulation of fan—duct systems: (a) using dampers.
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2-4-1 Variable Air Volume (VAVs

o o e e i o
e =

. in, WG 1

Modulation curve
for system with duct
static pressure control

o !
! f | V, cfm

o Inlet Vane

——— \ FHL k& : Shan Ig V\Iiangf
| ) , 2001. Handbook o
h — Air-Conditioning  and

-
. //é—\ Refrigeration,

_— McGraw-Hill
Professional.

(h)
MGURE 19.15h Modulation of fan—duct systems: (b) using inlet vanes.
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2-4-1 Variable Air Volume (VAvs

B

A

I

\\ .
Modulation curve \

Ao for systemns with duoet
Piix ‘static pressure contro!
} V, ofm

o | Variable
Speed

B =< ) g
P ey NERL R JR ¢ Shan K. Wang.
// ™~ " 2001, Handbook of Air-
_,_/f/sf—\ Conditioning and
] Refrigeration, McGraw-

Hill Professional.

—

e % % V. cfm

()
GURE 19.15¢ Modulation of fan—duct systems: {c} using an AC inverter to vary fan speed.
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2-4-1 Variable Air Volume (VAV)
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FIGURE 19.16 Modulation ¢f a VAV system using dampers, inlet vanes, and fan speed variation:
(a) wsing dampers and fan speed variation and (%) using infet vanes.
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2-4-2 Example 1

b e e e e e e e e e e e e e e e ]

a Calculate New Fan Performance

System S-1, Suburban Office Building

Actual
; 38,000 Cfm
40" === 1,585 Rpm
8" Sp
77 Amps
. 460 Volts
5" Dia 5.5" Dia
Required
= OOOle:fm 26,000
IO TGr SEThE Elie: /" RPMnew = RPM old MW _ 1 sgs, 26000 445 2mny
75 Hp Cfmold 38,000
1750 Rpm 2
460v/3/60Cy SPhew Spojg mnew g BBE )
96 Amps Max Cfmols 38,000
= o o Amps act Voltsact 77 460V
pos sk o Herb Wendes. 1994, Bhp atual = (HP)x x L ey
gVAC RetcrIOfltsE EnE_er(ﬁy : e Ampsrated Voltsrated 96 460V p
avings Made Easy, e Cfm new* 26,000°
Fairmont Press, INC. Bhp new = Bhp old x ————— =59 x =19 Bhp
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2-4-2 Example 1

b e e s e s e e e e s a e e s e e e e e e e e e e e e e e e

Bhp atual = (HP)x Amps act 3 Voltsact 77 460V 9 Bhp
Ampsrated  Voltsrated 96 460V
3 3
Bhp new = Bhp old x L nevvs = 59 x %ﬂ =19 Bhp
Cfm old 38,000°

0 4% 2T G 8 ﬁﬁw W h PR ET N 0 TR
?‘?‘/ﬁi40%  BIAS & T 0 B ) -
%io%—@’ﬁ:’ﬁﬁ?;g}'ﬁ ')SC—-’_\,ESi
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2-4-2 Example 2

B s

O Simple Fan Curve Reducing Air Flow

S.P. INCHES W.G.
— OLD OPERATING

- POINT

9800 CFR

\ 1193 aeFK
2.73" 5P ]

\\\ 5.%2 Hﬂ

3.0 I /

2.0 =
SHUT
rF

POINT

S — o — — ——— — — o —

:
4
/7
R
7
§
H

1.5 |-
s '/ N
PONT 1 |
oytey e | \,L
o o L ™\, 5% mrE N
/ : . Rk R ¢ Herb
L : Wendes. 1994,
L N\ || oethense HVAC Retrofits.
ey e . Energy Savings
resIsTue rSISTARCL N Fopu, o 3 Made Easy, The
; | ! N N Fairmont Press,
1] 2000 4000 6000 8000 10,000 12,000 I N C

SILBPRE AR TRALEEZ MYH




R

2-4-2 Example 3

a Energy Used After VAV Retroflt

4

12—'1'—-"'

ENERGY USED AFTER VAV RETROFIT

BEFORE
CONSTANT-VOLUME FAN

AVERAGE POWER 18 KW

-
[ =)

.gc
|
|
I
|
|
|
i

e
VARIABLE -SPEED RETROFIT (KW)

SEP

N\\\X

Annual Power

— AVG.

R R R e

Reduction:

MAH

APR

OCT WOV DEC JAN FEB MAY

JUL

AN\ \\\\\\\\\\;k\\\\\\w

I

-

,}__.

:  Herb
VVendes 1994.
HVAC Retrofits.
Energy Savings
Made Easy,
The Fairmont
Press, INC.

SIL#HPKRE

RRE

AL AT




2-4-2 Example 3

o FEFE N R20 hp o i'ir’:a;ﬂ:%tlSkwf; E_h
T ARB R REFER B E A PE B
ﬁ?ﬁ%ﬁ?iom%aw~%ﬁ’“ﬁﬁ$
% 36,000 KWhE £ 7 &> 58%2 42§ -




Tk
1994.

Made
The

Wendes.

Retrofits.
Energy
Saving

Fairmont 0
Press, INC.

Herb
HVAC

S
Easy,

2-4-2 Example 4

R R R R R R R R R R R R R R s

2 Inlet Vane and Motor Speed Controller BHP

Total Static Pressure In. WG

\

|

%

i
L}

B e B S O R

5

\

®
0O

I

SRS

10 A§ 20 §A 30

R TIALIEE A

2 CFM (1000

4

After:13000

NN

cfm
Damper: 14 hp
Var. F. Motor: 7 hp |



2-5 Fan-Colil Unit
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2-6 All A|r System
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2-6 All Air System

VAY box with ]|
reheating coil |
Reheating|
Dz}mper coil
< 7 I
|
G il )
|
|
\ |
Air velocity k I
sensor i1 et |
Damper | |
actuator %
Local | |
network ! RS e e e
] | Relays ]l—
S B d A2 for |
————+ RTS [ )| heating |
Room i_ 11| icoil |
temperature | DI |
& - a02\ | P2 g e —
Loy Lo DDC 74 kR © Shan K. Wang.
s Hi contoller 2001. Handbook of Air-
e Conditioning and
= Refrigeration, McGraw-
l " Hill Professional
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2-9 Heat Recovery

b

O Ways to Recover Heat

.

’
Lo
-"-
»

Heat-pipe | yp-e

Rotary type

7R kR Herb Wendes. 1994.
HVAC Retrofits. Energy
Savings Made Easy, The

Fairmont Press, INC.
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2-9 Heat Recovery

GUTSI[}E____I I:_ SUPPLY SuPPLY _— _l—_,_ QUTSIDE
AR AIR AR T — AR
RETURN ___:I |:___ EXHAUST RETURN _— &_ EXHAUST
AR T — AR AR T = AR
(A) PARALLEL HEAT EXCHANGE (B) COUNTERFLOW HEAT EXCHAMGE

QUTSIDE ETURN QUTSIDE SUPPLY

AlR AlR AlR

il RETURN
EXHALST SUPPLY EXHALST AR
AlR / AlR AlR J
(C)} CROUSSFLUW HEAT EXGHAMGE (0) MULTIPLE-PASS HEAT EXCHANGE

7ok kR ¢ ASHRAE. 2003. HVAC Systems and Equipment.
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2-9 Heat Recovery
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2-9 Heat Recovery
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P
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#.2, 15.3 kcal/kg

\ £ 5
: PHUEE
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2-10 Economizer

fo

2-10-1 Air Economizer
a Temperature air economizer control

(a)outside weather regions (b)temperature air economizer

. 1h/lb Exhaust Recirculating
dampe damp
| %
|
— i |
0] CHa s ! |
|D 3 ‘l : ¢ %
3
| ‘ | O
o BN | R []Hﬂ |
T
| Qutdo } LE]J |
‘ " dampe o I ‘{ :L r's 'Y
[ L TaAll
— —gAl2
L ——+————da3
| |_—————dap
————— —gAls
————— e Ao A
AO2
DIDC panel
Temperature sensor Ll Damper actuator

55 75 78 I °F Pressure sensor Smoke detector

(b)
@)

= kR ¢ Shan K. Wang. 2001. Handbook of Air-
Conditioning and Refrigeration, McGraw-Hill Professional
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2-10-1 Air Economizer

Ee e s s e e e s

a Enthalpy air economizer control

(a)outside weather regions (b) enthalpy air economizer

Exhaust

w, Ibflb

darnper
j: Recirculating <:|
<:| : darstper
— ) [
e (+
= (o 2[ ’
| | e [] N
| L Outdoor i ! i — :
I } { damper } : | :L F NI
LATT ’
— 0.0088 b I I I 1_':5‘315 A

| L_::::::::::::Eﬁs
!
——————————————— —gAgl

A0S

DBC panel
Temperature sensor m} Damper actugtor

Humidity senisor

= kR ¢ Shan K. Wang. 2001. Handbook of Air-
Conditioning and Refrigeration, McGraw-Hill Professional
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2-10-3 Advantages of Using Economizers

B S R S R e

Q& #» i * Air Economizer & Water

2 /-
»
»

Economizer - 7‘53? 1L 7 2 * Economizer &
st 15%~409 !
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2-11 Free Cooling
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a Analysis of Using Outside Air For Free Cooling

FIXED OUTDOOR CHANGEOVER TEMPERATURE Tco

3 A ACAREA A’

2 OUTDOOR
;*AIE@CONPMIC’A_L;%

/

NEGATIVE SAVINGS HERE

— DUE TO HIGH MOISTURE
/_ CONTENT OF OQUTSIDR AIR

#
-
4

LMAX TEMPERATURE AND
HUMIDITY ASSUMED FOR
RETURN AIR STREAM

"ELOATING BOUNDARY"
OF ECONOMIZER OPERATION IS
DETERMINED BY CONTINUOUSLY o
MEASURING RETURN AIR STREAM w
TEMPERATURE AND HUMIDITY

TYPICAL RETURN AIR CONDITION,

® = TYPICAL QUTSIDE
CONDITION: 67 DB,
80% RH, RESULTING

AREA D AREA IN SAVINGS OF 5.8
ADDITIONAL SAVINGS < BTU/LB OF OUTSIDE
HERE FOR INTERIOR ngTEE AIR UTILIZED IN LIEU
ZONES ONLY OF USING RETURN
AIR
55 72 78 DRY BULB

ASSUME MECHANICAL COOLING SHUT OFF
BELOW THIS TEMPERATURE

NOTE! WHEN QA IS IN AREA C. OA WOULD BE
ECONOMICAL FOR COOLING. HOWEVER FOR
THIS PARTICULAR CITY, THE OUTSIDE TEM-
PERATURE AND RH CONDITIONS IN AREA D

WOULD OFFSET THESE SAVINGS
Fixed Temperature Changeover

kR
HVAC Retrofits.
Savings Made Easy,
Fairmont Press, INC.

SIPPKRE LR TALIE A

Herb Wendes. 1994.
Energy
The

QA IS NOT
‘ ECONOMICAL

/— 76F AND 50% RH

A ® = TYPICAL OUTSIDE
CONDITION
RESULTING IN SAV-
ING OF 6.5 BTU/LB OF
QUTSIDE AIR
UTILIZED IN LIEU OF
RETURN AIR (75F
AND 30% RH) DRY
BULB CONTROL
WOULD NOT PERMIT
ECONOMIZER TO
OPERATE IN AREA A

ADDITIONAL SAVINGS
HERE FOR INTERIOR

ZONES ONLY OA NOT

ECONOMICAL HERE

17 ¢

76 DRY BULB

ASSUME MECHANICAL COOLING SHUT OFF
BELOW THIS TEMPERATURE

Floating Boundary Enthalpy Changeover




2-11 Free Cooling
Q #c & * free cooling "% & & 3 ¢ j; :
ASHRAE/IES Standard 90.1-19894y T+ - %

£ %

;F G 4‘\)? JFF—‘IE‘

v i temperaturez enthalpy air economizer# =% =+
};F B3 ,}J‘I%q_"’ﬂl)\ﬂ% 85% 1/ F o

S

v B - ¥ 5V 4 Fr2 water economizer ¢t &
i73% 8 2 10°C (50°F) Wﬁm_w C(45 B) (= Ao
EEDRREIS F ¥ EX T SR
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EI Cold Alr Dlstrlbutlon
v Cold-air distribution systems supply air for space

conditioning at reduced temperatures, sometimes referred
to as low-temperature air distribution systems.

Typically supply air between 4 C and 10°C.

Conventional supply air at nominal temperatures between
10'C and 15°C.

The use of cold-air distribution technology can result in
lower mechanical system costs, reduced energy
consumption, and improved comfort.
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3-1.1 M F=Eh
0O With the 1C to 4C chilled fluid temperatures
available from ice storage, supply air temperatures

of 4°'C to 9°C could now be easily achieved.

2 Allowing significant savings iIn air distribution
system costs and energy consumption.

Q Improvements in occupant comfort at reduced
relative humidity levels were also recognized.
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aQ There are some applications where cold-air
distribution should be used with caution:

» Generation of chilled fluid at 34 Fto 40F (1 Cto 4 C)
IS not practical,

e Space relative humidity must be maintained above
40%,

e High volumes of ventilation air are required, or

 Economizer cooling is available with outdoor
temperatures of 45°F to 55F (7 C to 13'C) for many
hours of the year.

Q Avoid dumping and air outlet condensation.
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0 MBER st dih T .ﬁé’q’ T ERRE
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FoRBRE AR  ERRART EXT
LB RAE 0 3 BEERR TR
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v v/

B

Supply : :
TSP . Design Perform- | Room Chiller Fan Total
SAT L oy Cooling CWST ance | Setpoint | Work Work Work
oF inches | Volume oF
W.C. ofm Tons kWiton °F kWhiyr | KWhiyr | kWhiyr
3.00 152 686 473 44.0 0.550 75 219605 | 202736 | 422 341
3.02 145415 475 43.6 0.554 75 226,584 | 194,061 20,655
3.04 138,805 477 43.2 0.558 75 236,352 | 186,175 | 422527
3.06 132,770 474 42 8 0.562 75 241228 | 178975 | 420203
3.08 127,238 481 424 0.566 75 245,661 | 172375 | 421,026
310 122,149 483 4200 0.570 75 255,777 | 166,203 | 422,080
3.12 117 451 485 41.6 0.574 75 261,285 | 160,698 | 421583
3.14 113,101 486 41.2 0.578 75 260.044 | 155508 [ 424 55
316 109,061 488 40.8 0,562 75 276,512 | 150,689 | 427201
3.18 105,301 441 404 0.586 75 286,605 | 146,202 | 432807
3.20 101,791 407 4000 0,540 75 202832 | 142014 | 434845
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=

0 VAV® &t i3 =2 M85 % (Dumping)

Velocity Distribution | Temperature Distribution
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VAV Low AT VAV
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3-2.2 VAV HE3x g

e

0 VAV FCU:?z & 2E 12

GRJL - ARTE W L F BRI 18/ BEEE 0 ¥ CAVERHIK L BB pE 0118
5 r CAVE & B M e £ % 80k Rgml % 2 4 8 9 1212 g

(@)7k-k# 80 kW (b)rk-k & 7.5 kW
()4 #r-k &% 7.5 kW (d)i4 %rh 5% 2.2 kKW

(e)% p = h # 100W*50 &~ =5 kW
FPERBZHETE Y S5KW*18hr*30 * = 2,700 KW - hr
ZALIPZGPAETE
(80KW + 7.5kW + 7.5kW + 2.2kW ) *12 hr* 30* = 34,992 kW - hr
=& 1 zAaRgHETE L 34,992+ 2,700 = 37,692 KW - hr
= 8 2 p % 0 159*100+ 37,692 * 1.56 = 74,699~

| e

Bz PR B B 920007 e F A T Bk RATA D G ook TRk
- % % 1200~ -
BERE L +  wER

— (2p00+1,200 7 *50 +H 50*1,000

210,000 ~
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3-2.2 VAVt 3t &

AL F P VAVE P ER 8 0 KA WEFEPERT 33012/ p5*0.84=10-] pF o
/gj;}:h;ta:a £ /J*’*ﬂ Y 100kW o (a;’\ P‘ﬁ iE % & J#PH-'"}R/"/‘:T @;w@ ; P‘_—ﬁﬁ
d 5+ O:30 4o 4 1 24:00£ i 42 % 4 20.3KW-hr > e - i£ VAV E P} i b
ks 423 4 17.2KW-hr e &4 2 4 1£16%)
FPRERB2 T E 5kW*18hr*30 = * (100 - 76)% = 648 kW hr
ZRAPZ JETE

(80KW + 7.5kW + 7.5kW + 2.2kW)*12hr*30 % *(100-16)% = 29,393 kW hr
il 3“;: ‘,;;ﬁ';s =8 1 29,393+ 648 = 30,041 kW hr

@as o [ 159%100 + 30,041 * 156 — 62,764+

VAVj’._ M oiE ﬁ‘ B840 ZTCSUEE #1 ?ﬁi‘a se =0 23000 2+
Bizeg . BMRr + mEioe
3,000*50 -+ 50* 1,000

200,000 =




. = 1y o
3-3 ERFTFHFFTETH 5

d ASHRAE 62 VS. 90.1

d Thermal Comfort, Health VS. Energy Saving
v TB, SARS or .....

J Solutions:
v Advanced technology.
« Effective filter for TB, SARS ...
v' Heat recovery.
v' System design with careful consideration.
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4-1 Variable Air Volume (VAV)

10 v & Heating Dead
mode f§ band :
T T LT T T T T T 1 L"'-‘ o~ ‘_COO].IJIE
| Cooling  Heating I mode
] | _ ;_ :
E> @ he —_———— f
/ L [
L I ¥ r HWS: l 0 -
ﬁ _.-. —=-= : 70 70.2 74875 T,.°F
. ' CWSi i | Controller output
[T e, e e - 4 I Jr
| B
- |
| Lacal network S—\ { b |
Room Az b | : |
temperature All p——I _|| | :
sensor (RTS) 2 e 70 w, Ib/lb
A0l homme ) _ L/
DDC AD2 pr————m @\e /
controller AQ3 P /"o ' ) ‘:“d\a
CWS: Chilled wat 1 WA A =~ Pﬁ 7k o Slin
WS: Chilled water supply TPy 5P | e
HWS: Hot water supply f_p D mp / K. Wan g.
e | 2001.
. | Handbook of
Alr-
o Conditioning
and

Refrigeration,
McGraw-Hill
Professional.




4-1 Variable Air Volume (VAV

50X

30 Damper open Closed
_ § Py l‘\ - § N — /" position
0 ooy ae O
Ac:tuato?I - > - * B “ .
i_\G/,S\ \( : | Linkages g:lll:ll:tgle
| -Stroke — | | (——————
b hoe— A0 b o
Ond o
DDC DDC
controller controller
(a) ®)
. Supply
Flow-ring Damper ‘f:let;:c;;ng Retumn air
velocity probe probe | ’Fu_'( 7}—'— Vj\\/ Al Shaz%oii
‘ — ang. :
Suppl v ’
ml;PPY E> ° a‘o’]. E> ° - L T - ] Hand.b.ook Of AI r-
/NS TN\ ~ Conditioning and
Refrigeration,
McGraw-Hill
© Professional.

FIGURE 27.3 VAV boxes: (a) single-blade, pressure-dependent; (b) single-blade, pressure-independent;
and {c) air valve.
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4-2 Evaporative Cooling

[

|

T r————
T T
i
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4-2 Evaporative Cooling

o o s s s s s

91.01.01
% 4L4L 3% (EER)
keal/h « W

AR E T

Bb Dk i %ﬂ—ﬁ

4 # s # 2000kcal/h 14+
v 4 3550kcal/h 12+

~ %+ 3550kcal/h
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R

b
)
SFei

SIb#H KR4

Wet air
Quitside

air

OO

Cooled
air
5
G Plastic
plates

Return
‘air

AR THALIE R

79 44

Horizontal

passage: N

4-2 Evaporative Cooling

T k& - Shan K. Wang.
2001. Handbook of Air-
Conditioning and

Refrigeration, McGraw-
Hill Professional.




4-3 #p 2

L TRt F 27 8(MAU)

OA Folw Rate RA Folw Rate MA Folw Rate Total Heat LA Folw Rate BA Folw Rate LA' Folw Rate Total Heat Fan Folw Rate SA Folw Rate

10,000 CMH 92,828 CMH 102,820 CMH 585.5 kW 97,736 CMH 0 CMH 97,736 CMH -182.4 kw 99,620 CMH 100,000 CMH
2.78 m¥s 25.79 m’s 28.56 m’/s Sensible Heat 27.15 ms 0.00 m’s 27.15 m¥s Sensible Heat 27.67 m’ls 21.78 m’s
3.07 kgls 30.35 kgls 33.42 kgls 456.9 kW 33.37 kgls 0.00 kgls 33.37 kgls -182.4 kW 33.37 kgls 33.37 kgls
OA Intake Cooling Coil Heater Recirculation Fan

9.26 glkg 7.86 glkg e ~—N
O :
-

1,000 Pa (PY

75% Eff.

OA Condition RA Condition MA Condition CHS Temp. LA Condition BA Condition LA' Condition Heater LA" Conditon SA Condition
35.00 pB°C 23.00 pB°C 24.10 pB°C 6.0 °c 10.43 pB°C 24.10 pB°C 10.43 pB°C 182.4 kW 15.89 DB°C 17.00 pB°C
29.00 WB°C 15.47 WB°C 17.07 wB°C CHR Temp. 10.43 wB°C 17.07 WB°C 10.43 WB°C 12.73 WB°C 13.17 WB°C

64.3 RH% 45.0 RH% 49.5 RH% 120 %¢ 100.0 RH% 49.5 RH% 100.0 RH% 70.0 RH% 65.2 RH%
23.03 glkg 7.86 glkg 9.26 glkg CHW Flow Rate 7.86 glkg 9.26 glkg 7.86 glkg 7.86 glkg 7.86 glkg
94.3 klkg 43.1 kJlkg 47.8 kdlkg 2331 LIs 30.3 kJ/kg 47.8 kilkg 30.3 kJlkg 35.9 kJ/kg 37.0 kJ/kg
1.105 kg/m® 1177 kgim® 1.170 kg/m® Condensate 1.229 kg/m® 1.170 kg/m® 1.229 kgim*  Cooling Capacity 1.206 kg/m® 1.201 kg/m®
27.20 pp°C 10.44 ppP°C 12.88 DP°C 168.9 L/hr 10.43 DP°C 12.88 DP°C 10.43 pP°C 200.2 kW 10.44 pp°c 10.43 DP°C
Power Consumption Summary
Item 01 Qs Recirculation Fan Summary
Load 585.5 kW 182.4 kW 36.9 kW
COP 3.50 1.00 1.00
Power Consumption 167.3 kW 182.4 kW 36.9 kW 386.5 kW

My
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:23.00 °C 11046 °C +17.00 °C
45.00 % 2100 % 1 65.20 %

$ 1047 °C 1 10.46°C 1 10.46°C

* 4313 kl/kg : 30.31 kl/kg *36.99 kl/kg
*0.0079 :0.0079 *0.0079

+17.00 °C

Airwasher 16520 %
1 10.46°C

/ *36.99 kl/kg
*0.0079

*35.00 °C

1 64.30 %
12123 °C
9428 kl/kg
+0.0023

Heat Cooling Heat Heating
Pipe-Cool Coil Pipe-Heat Colil

r'd r'd Ve »

MNNNNANNNNANNNNNN

123.54 °C +17.00 °C +17.00 °C

2 47.20 % 2 70.73 % 165.20 %
+11.68 °C + 11.68°C 1 10.46°C

* 4538 kl/kg * 38.69 kl/kg * 36.99 kl/kg
+0.0085 +0.0085 +0.0079

Item Heat Pipe Cooling Coil Heating Coll
Load (kW) 226.69 365.20 0.00
COP 3.50 1.00
Power Consumption (kW) 104.34 0.00
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4 5 Varlable Refrlgerant Volume (VRV) System

L SRR SR

O VRVZ 3 4% aﬂwp;\@ﬂﬂw «:1:@“ i
B0 ERBRRERCEP O I SRR T LW
§

1 3 H?'m&i:p‘_f o

a \/RV,:L< = A ﬁ%"—i’iﬁ?ﬂg@;#}% ;E-;— ;\A ngngﬁg . .-!_;l‘ %”"E; 5 o
‘ At » 2 VRS > Ll 2
: % ﬁvg’\ﬁ(%ﬁﬁmﬂ )\T:']_‘_’_%. ajzj‘}'ft\:,{‘pggm
: ‘ #
L
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4 Varlable Refrigerant Volume (VRV) System

MEES T

(Hr o 8 A~ )

ARG MEH  Z=EEHN B %
kW/m? kW/m?

Apollo
Centre 17.6 12.1 36 %

Odeon
Tower 19.4 12.0 34 %

ALA.
Robinsons 26.6 13.2 48 %

A.LA.
Alexandra 24.2 8.9 g %5
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4-6 Variable Refrigerant Flow (VRF) System
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SIL#HPKRE

MR Fe A & ] I
Mitsubishi | City Multi VRF | R22/R407C, % #8733, 4 & 4 [E ¥ iz
%3332, Bl f 2 2878 KW, vy 97 7
(PUHY-P7504%%)
; Super Multi : pngnge
Toshiba Intelligpence (SMi) | R407C, 3-Pipe system, # v fc# o |
1¥116, B~ . 3 : £ % 28 kKW, % 7 31.5 kKW
Modular Multi
System (MMS) R407C, % }tﬁ = % | T_i# .E'_y/,:\»
1140, /% f i ¥ 224 KW t0 128.8 kW
Fujitsu Airstage VRF R407C, 2 i %}i » = BRES"E 4 R R Ho,
A F - f'fe ,
1%+16, s # 2.15 kW to 17 kW
Litachi Set.Eree VRE R4$7C 2-Pipe & 3-Pipe system, #: % 474
B~ a4 190 kW
Carrier Multi VRF R407C, 4 F&zs{« a0k tﬁ - A
1*#16 L% s * 25 kKW
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