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3 1 Fan Law

Lo S e

Dependent
Law No. Variables Independent Variables
la O = @ x (D/Dy) (N/Ny
1b P Py X (DYDY NNy piipy
lc W, = Wy, X (DYDY (NN)' pi/pa
2a O = @ x (DYDY (pip)" (pofp )"
2b Ny o= Ny X (DD pifp) ' (pofp
2c W= Wy x (DYDY (pip)” (palp )
3a N = Ny x (DJD)QIEY
3b po= P2 X (DYDYHQYDY 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 (M), = (",)o and (Point of rating) | = (Point of rating)s,.

Ip equals eltherpg»orpsf

3-2 Reduce Heating and Cooling Loads
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3-3 Reducing Fan Flows and Air System Resistance

.

Variable Air Volume (VAV) 74 %M : Shan K. Wang. 2001

e Handbook of Air-
e Conditioning and
Refrigeration, McGraw-Hill
Professional.

Fan performance
, curve

Modulation Inlet vanes opening
curve ——

'

Set point of duct
fatic pressure
control

A o

e PHEAF Sk

3-3-1 Variable Air Volume (VAV)

L

oo
Ap,in. WG i / /
Ap.r K < '{B p
5173 7 ~
// ff “
Apy / 7 A Ap,, loss at
/ / yd damper
/ / y l
/ /
i o | F
/ s -
.f"/ ’/'/// \
e
FA A
e
.::./.m’-&/
o == .
P.hp V, efm
Damper
Py A
Fyr ’ = . .
8 \ F#L %/ : Shan K. Wang.
Pt “ N 2001. Handbook of
Air-Conditioning  and
Refrigeration,
McGraw-Hill
Professional.
9 ‘}c "}B !’:l 'I'/,cfm
(a}

FIGURE 19.15a Modulation of fan—duct systems: (a) using dampers.
B B
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3-3-1 Variable Air Volume (VAV)

Y s

iy,in. WG

Modulation curve
for systern with duct
static pressure control

[J_\/

4 t ’ f/,cfm
" Inlet Vane
Py A
T4l &R ¢ Shan K. Wang.
by / 2 ' 2001. Handbook of

N Air}Conditioning and
’ , Refrigeration,

fe < ™ McGraw-Hill

Professional.

¢ Ye Vs 7 vV, cfm
[C)
. “NMWHGURE 19.15b  Modulation of fan-duct systems: (b) using inlet vanes,

A S - Sl S 1 FEDIEE FPH

3-3-1 Variable Air Volume (VAV)

T ——————— e
Ap,in. WG
A
‘ Modulation curve
for systems with duct
A pon static pressure control
1 | \'/.cfm
- Variable
Speed
//—ANI\
n g NF R kR ¢ Shan K. Wan
13 . F'\ P . g
_____—ff/////":’d ™ 2001. Handbook of Air-
_/ (T Conditioning and
. Refrigeration, McGraw-
Hill Professional.

7 |7 v, s
< & A V. cfm
©)
FIGURE 19.15¢ of fan—duct sy (¢} using an AC inverter to vary fan speed. s ——
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3-3-1 Variable Air Volume (VAV)

Lo

' Ap,in. WG
Ap,in. WG 4 5
’ lo Y] °
6 [ I%/
A % @/
g s, / 54
5 of %f% Il
tj[l / Ahp
4.65 1 P .
I Total pressure |, 4
4 - 1 loss-due
{ ‘to damper / - 20
/ 4 3
/ / L s 1
34 / ‘;" !
! /
/ / 16 2
/ 4 152
2 / 7
/ yd 14
/ // L 12 11
/ ; Py
. // e s,
S % | VAV -0
e V]
. /e % 5,000 10,000 15,000
T T T T T g
5,000 10,000 15,000 20,000 Inlet Vane V. efm
G —— : ®
v, cfm FIGURE 19.16 Modulation of a VAV system using dampers, inlet vanes, and fan speed varistion:
(@) (a) using dampers and fan speed vartation and (b} using inlet vanes.

AL kR : Shan K. Wang. 2001. Handbook of Air-
Conditioning and Refrigeration, McGraw-Hill
Professional.
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3-3-2 Example 1

L]

O Calculate New Fan Performance

System S-1, Suburban Office Building

Actual
1 38,000 Cfm
40" = 1,585 Rpm
8" Sp
77 Amps|
_ 460 Volts
5" Dia 5.5" Dia
Required
26,000 Cfm
Mp DR Flate: £ RPMuow - ReM 0 CEREeH B ISDIOE R B D
75 Hp Cfm old 38,000
1750 Rpm 2
460v/3/60Cy SPnew = SP old SI1OW _ g8 2000 R e
96 Amps Max Cfm ols 38,000
= il % o7 - Amps act Voltsact 77 460V
7oL kR Herb Wendes. 1994. Bho atual — (B} 2P . i _59Bh
gVA_C I'\?/let(;ofltsiE En%{gy . ) Ampsrated Voltsrated 96 460V 1
avings ade Easy, e 3 3
Fairmont Press, INC. Bhp new = Bhp old x (e =59x 26080 =19 Bhp
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3-3-2 Example 1

T

o G

Amps act Volts act

)

Bhp atual = (HP

Cfm new’ ; 26,000’
Cfm old’ 38,000°

Q 4o % 37RO ] B Mk

Bhp new = Bhp old x

Vs

T

T A2 A0% > BB E LB
R I REA R Pﬁfﬁﬂj}%

R

=19B

,:;i ~
- ~ N

i e

’ 7 460V
Ampsrated Volts rated 96 460V

=59 Bhp

/,{__'_\'%E o

3-3-2 Example 3

L

0 Energy Used After VAV Retrofit

BEFORE
CONSTANT-VOLUME FAN

4

ENERGY USED AFTER VAV RETROFIT

]

: AVERAGE POWER 18 KW
4 s— = —— ?
%
Z o Z Z
g. r—?—%—z—é—g ——————— ?—Jgé—-—m‘ﬁ.
| =
Z 2272 %2 . 22 Z
8 Z Z Z Z Z Z Z Z
0122272277777 7
d | Z 7 7 7
Eg 7 4 Annual Power /é Z 77 A - Herb
g . 7 . : - « Wen €s. 1904
Z 2 Reduction: g Z HVAC Retrofits.
1A Z ZZZ—ZZzzz7=Z7 Z Energy Savings
a'\uﬁl lS‘EP1 1c_-l:rt :dﬂ'_\" l!x:c' T..IAN( ;Eur l:w-: 'APFI' 'M.AYT :UN' ‘JuLT | Made Easy’ The

Fairmont Press,
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| INC.
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3-3-2 Example 3
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3-5 Heat Recovery

L]

O Ways to Recover Heat

Y

Heal-pipe |

Rotary type

A kim © Herb Wendes. 1994.
HVAC Retrofits. Energy
Savings Made Easy, The

Fairmont Press, INC.
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3 5 Heat Recovery

AAAAAAAAAA

B

oUTSIDE_— L suppiy suppLY _— L oursioe
AR T = HR AR T = AR

RETURN _ — EXHAUST RETURN _ —_ EXHAUST
AlR _I I_ AlR &R ] — AlR
{A) PARALLEL HEAT EXCHANGE (B) COUNTERFLOW HEAT EXCHANGE

QUTSIDE ETURN SUPPLY

AR _, AIR

Bl e "":'*_.-';' r
EXHAUST sunpur EXHAUST
AIR / AR AIR /

{C} CROSSFLUW HEAT EXCHANGE (D) WULTIFLE-PASS HEAT EXCHANGE

‘ ok kR 0 ASHRAE. 2003. HVAC Systems and Equipment.

3-5 Heat Recovery

[ ]
2 2z L 4 Bg 2 2 L N2

Q#FAPTITZ KIH - BrALHERE &gk

(3 > PP 7 ~
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B P\ T 45 H @"1"”*\3}\"]{’ 1B R3E r (2 oK =
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UM AR AR R Sk
ol 1&_70%4*#",9; s T ;};&.‘}’?.{%

§o3k R R 27.5C
7 ¥R 2 0.0142 kg/kg
10 HIR A 62%

#.'2 15.3 keal/kg

Fors

PEIEER
§o3kiE R 26.0C
% $Hi8 5 0.0105 kg/kg §eIRE R32°C

g RE 50% \ % R 2 0.021 1kg/kg
#7 12.6 kealkg in kBB 70%
.2 20.6 keal/kg
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3-5 Heat Recovery

A

R

Q Heat Recovery Loop

SA (& #w J2)

Qutside

576.600 Bruh heal recovery
6 tow rovis  £2%% elliciency
(A row roils 68 elhiciency)

Entering Leaving
DB Entermg w8 B0 leaving WB
5 E/63 F A1 4AF413F

oLk Herb Wendes. 1994.
HVAC Retrofits.  Energy
Savings Made Easy, The
Falrmont Press, INC

3-5 Heat Recovery

L]

EXHAUST AIR CONDITIONING INFILTRATION OTHER
OTHER ENERGY UNIT ; AIR CLEANER
AIR CLEANER ReCovERy MR CLEANER LOCATION
LOCAT ION UNIT LOCAT ION } :"""1 7
gl [ ] H | - k- LOCAL
WRR—t | -+ 4— r_l__ > Li>-SUPPLY AIR | 1«—MAKEUP
| - - AIR
akeor L1 Lh : g
AIR) VENTILATING 1
AIR OCCUPIED N
SPACE i LOCAL
ALTERNATE I > EXHAUST
PATHS FOR OTHER (O
RECIRCULATED AIR CLEANER LOCAL
AIR — /LOCATIONS VENTILATION
Lo
R
MAWEXFILTRATION
GENERAL L <«——RETURN AIR
EXHAUST I

T4 kR @ ASHRAE. 2001. Fundamentals.
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3-6 Economizer

Lo

Air Economizer
O Temperature air economizer control

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

w Ibfly Exhaust Recirculating
damper damper

f
|
|
0 = ; T
! | Il O
A ® ‘ Uy VB | e
T 1
| Outdoor : LEJ [
dam .
. @ ; e } RN
i L L g v

—————— “—t——-——dan

: |_=————dal

————— —dAIs

I s N e — —daot — 4)»
aw Ga02
@b Y
has DDC panel
‘ ‘Temperature sensor mi Damper actuator
55 75 78 TF Pressure sensor Smoke detector

®)

TR kR ¢ Shan K. Wang. 2001. Handbook of Air-
Condltlonlng and Refrlgeratlon McGraw H|II Professmnal

PR IR FRH

3-6-1 Air Economizer

e

a Enthalpy air economizer control

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

‘Exhaust
damper

(:1 % ﬁi::ladng _ (:I
4
=T |
DH, Tl% . 1! "@ j || [
H {
||
[

I_Jﬂ

Qutdoor
damper

DDC panet

Temperature sensor a Damper actuator

Humidity sensor

TR kR ¢ Shan K. Wang. 2001. Handbook of Air-
Conditioning and Refrigeration, McGraw-Hill Professional.
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3-6-2 Water Economizer

s

a Water economizer control:

(a) outside weather regions (b) water economizer of an
indoor PU

w, Ibflb

oot e,
pump
(:> V3, rr
2]
|
64 P A b I = T T T F--1m
WB Line v .
")é\n
T
¢
40 -
1 —
32 1 ! ATl
AR~ oo
@ Al
AQ1
e g
- Ty
32 55 60 75 T.°F 51
: L DDCpumel ;
@ E o -
(b)

T kR ¢ Shan K. Wang. 2001. Handbook of Air-
Conditioning and Refrigeration, McGraw-Hill Professional

o o G e L

3-6-3 Advantages of Using Economizers
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Q& % @ * Ar Economizer & Water
Economizer 7‘5&? L 2 {3 * Economizer &
e 15%~40% !
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3-7 Free Cooling

s

T

s

0 Analysis of Using Outside Air For Free Cooling

= T T / “FLOATING BOUNDARY"
FIXED OUTDOOR CHANGEOVER TEMPERATURE Tco OF ECONGMIZER DPERATION IS
= DETERMINED BY CONTINUDUSLY ©
N ATIVI AVIN HER MEASURING RETURN AIR STREAM
= DLEJg T0 IEIé.’H MG?S?TU%EE TEMPERATURE AND HUMIDITY |
/__ CONTENT OF OUTSIDR AIR TYPICAL RETURN AIR CONDITION,

.
AREA #: OA IS NOT
¢/ ECONOMICAL

/——?EF AND 50% RH

@ = TYPICAL OUTSIDE

g L CONDITION
£ MAX TEMPERATURE AND RESULTING IN SAV-
HUMIDITY ASSUMED FOR ING OF 6.5 BTU/LE OF
RETURN AIR STREAM QUTSIDE AIR
UTILIZED IN LIEU OF
RETURN AIR (T5F
@ = TYPICAL OUTSIDE AND 30% RH) DRY
CONDITION: 67 DB. BULB CONTROL
AREA D AREA f.j“g:\:;,ggsg}"';:“ WOULD NOT PERMIT
. : ECONOMIZER TO
ADDITIONAL SAVINGS BTU/LB OF OUTSIDE CLCEATE N GREXA
HERE FOR INTERIOR SEE AR UTILIZED IN LIEY
ZONES ONLY NOTE OF USING RETURN ADDITIONAL SAVINGS
AR HERE FOR INTERIOR Lok fehs
: ZONES ONLY '.: . = OA NOT
55 72 78 DRY BULB by ECONOMICAL HERE
ASSUME MECHANICAL COOLING SHUT OFF NOTE! WHEN OA 15 IN AREA C, 0A WOULD BE 55 76 DAY BULB
BELOW THIS TEMPERATURE ECONOMICAL FOR COOLING MOWEVER FOR /
THIS PARTICULAR CITY, THE DUTSIDE TEM- ASSUME MECHANICAL COOLING SHUT OFF
PERATURE AND R CONDITIONS IN AREA O BELOW THIS TEMPERATURE
WOULD OFFSET THESE SAVINGS
Fixed Temperature Changeover Floating Boundary Enthalpy Changeover

T kR Herb Wendes. 1994.
HVAC Retrofits. Energy
Savings Made Easy, The
Fairmont Press, INC.

3-7 Free Cooling
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Q #c # * free cooling " < % b g ,
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41 J\J\PJ”““jik-r
Lo B

o e i E ;; T ﬁé 7@ Al J\ﬁﬂ(compound cwcwts)
2 BB

L@&%i?u&%mﬁﬁﬂ%kﬁgﬁnk

21 f}iﬁ%’ seh-k4 + Tiz4m | (decouple),
TS b UIRTE S PAR il G I A
b Uiadm, T EAOKE R R 2 A

3. kB _I;UL AP d sl e = ledn R el R E
%a;xﬁﬁ@ﬁu&?¢%?:£WL%
KE R E QR R B - X R RIRR

42“51 IR J\%\ ?P/HLF‘_—

Q —r}\ﬁ%xi?r];@«, *ﬁ«’r@.%;{gb
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6-1 Variable Air Volume (VAV)
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6-2 Evaporative Cooling
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6-2 Evaporative Cooling
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6-2 Evaporative Cooling
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6-2 Evaporative Cooling
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6-2 Evaporative Cooling

7k ~ TR R °C 12.53 12.02 12 12.4
-k R °C 7.24 7.01 6.96 9.4
I R °C DLl 20.6 17.53 18.6
B| rrifiRR % 61.01 50 69.89 56
AR Rk °C 25.1 27.9 27.6 22.9
iz iR % 85.31 73.5 73.5 72.5

A | BEms 54.74
| BREH 9.41
) ey 9.653
T 5 2634
i % 81.7
245.86

® 69.91
e 3.01
k- et B 3275 3.69 3.52 2.59
KW/RT 0.923 0.81 0.85 0.85 1.17
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6-2 Evaporative Co

e

Plat-type
heat
exchanger
A /{‘ )
IZ"\ T fr« :' | Water
sump

e

e g

Wet air
&
Water

Wet air

&

;
2 @
!

(a)
OQueside Plastic ;
air plate air film
]
Cooled
air
Plastic
plates
Horizontal
passage Water
film

RRBE AR AR

Wet
air

©

Saturated

oling

i3

b2 A

ol

(7~

Vertical

FAL kR ¢ Shan K. Wang.
2001. Handbook of Air-
Conditioning and
Refrigeration, McGraw-

passage

Hill Professional.

e




6-3 # g 2™
1T Rt F 5B #(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
278 m¥is 25.79 m/s 28.56 mls Sensible Heat 21.15 ms 0.00 m¥ls 21.15 ms Sensible Heat 21.67 ms 21.78 mls
3.07 kg/s 30.35 kgls 33.42 kgls 456.9 kW 33.37 kgls 0.00 kg/s 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 “
—
1,000 Pa (Pf)
75% Eff.

OA Condition RA Condition MA Condition CHS Temp. LA Condition BA Condition LA' Condition Heater LA" Condition 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 pB°C 17.00 pB°C
29.00 we°c 15.47 w°C 17.07 wg’C CHR Temp. 10.43 W°C 17.07 we°c 10.43 w°C 12.73 we’C 13.17 we’c

64.3 RH% 45.0 RH% 49.5 RH% 120 %6 100.0 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 kilkg 43.1 kikg 47.8 Kilkg 2331 Ls 30.3 kilkg 47.8 Kilkg 30.3 kkg 35.9 kikg 37.0 kilkg
1.105 kg/m? 1177 kgim® 1170 kg/m? Condensate 1.229 kg/m? 1170 kg/m® 1.229 kg/m®  Cooling Capacity 1.206 kg/m® 1.201 kg/m®
27.20 ppP°C 10.44 pp°C 12.88 pp°C 168.9 L/hr 10.43 pp°C 12.88 pp°Cc 10.43 pp°C 200.2 kw 10.44 pp°c 10.43 pp°c

Power Consumption Summary
lem 0 Q4 Recirculation Fan Summary
Load 585.5 kW 182.4 kW 36.9 kW
COoP 350 1.00 1.00

167.3 kW 182.4 kW 36.9 kW 386.5 kW

Power Consumption

SR

45.00 % 1100 %
£1046°C
30.31 kl/kg
£0.0079

27.23 L"C
: 9428 kg
+0.0023

+17.00 °C

Item Heat Pipe Cooling Coil
Load (kW) 226.69 365.20
COP

Power Consumption (kW)




Water Coil




§ —= -
r!-‘ (3) SURFACE-WATER HEAT-PUMP SYSTEM
t AT APS

WATER-TO-ATR,

[ ] EXPANSION TANK
[ HEAT-REJECTION DEVICE|

141 CLOSED-LOOP S0
HEAT-PUMP SYSTEM

A kR ¢ ARL 1998.

Refrigeration & Air-
/ \ Conditioning,  3rd
If \ ed.

51 GROUND-COUPLED HEAT-PUMP SYSTEM
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y - §Z.8BBx + 829,12
|3
Lt
¥
¥
'F+ *
CWRT
Ly (o ), =(5829.12) + (92.866)Toyey) = (26662) Tar /Toner)
CO P TcthT Qevap
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Current Data Calculated Values
Hour New kW Output Condens er Supply Current Part  Load Part Load Ambient Adjust- Baseline Savings
of Day (Tons) Temp (°F) temp ('F) Capacity Ratio Adjust-ment to ment to EIR Demand (kW)
(Tons) EIR (kW)
1 335.14 687.1 79.7 44.6 1036 0.663 0.635 0.927 440.32 105.18
2 327.68 671.7 79.6 44.6 1036 0.65 0.62 0.93 430.17 102.49
3 328.63 674.6 79,5 44.6 1036 0.65 0.62 0.93 431.33 102.70
327.49 672.1 79.5 44.6 1036 0.65 0.62 0.93 429.77 102.28
326.42 669.7 79.5 44.6 1036 0.65 0.62 0.93 42835 101.92
32421 664.8 79.5 44.6 1036 0.64 0.61 0.93 425.37 101.16
331.00 679.9 79.5 44.6 1036 0.66 0.63 0.93 434.59 103.59
358.61 7383 79.6 44.8 1039 0.71 0.68 0.92 469.35 110.73
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Current Data Calaulation Value |

Conderser| Supply | Current Part Load | Ambient | Baseline

Neer k¥ | Qurput Terap wmp | Capacity Fart Load Adivsttmerr | Adjust- | Demand

ko ( Tonsh F F (Tonsy | Ratio o EIR nER [k
13421 187.4 777 4.1 282.2 0.654 0.657 Q.89% 1117
13441 18168 TS 4.1 825 0.654 Q.657 0.893 111.38
13299 1984 7.7 439 3EL.E 0.704 0.703 0.898 118.13
13479 | 2255 777 433 2804 0.804 0.798 0903 13521
133,88 1783 77 439 2818 0.528 0.4833 0,898 108.33
134.53 187.8 774 4.1 2828 0.654 0.657 0890 111.13
134.65 184.8 712 4.1 28340 0.650 0.653 0888 110,19
13442 | 204.2 774 439 3874 0.723 0.721 0.893 13048
134.17 182.1 777 439 2BL.B 0.616 0.851 0.898 109.33
13442 187.3 TLE 437 2818 0,685 Q.68 0,898 1217
134,62 192.8 7.9 4.1 2820 0683 0,684 Q.87 114,82
13573 197,49 781 437 280.8 0.70% 0.7 0.90% 119.21
135.78 159.4 7R3 4.1 2814 0.587 0.581 0902 917
13619 | 230.8 793 43.3 s 0.832 0823 0927 143,13
13839 | 2905 TH5 437 2782 0793 0787 094 13607
13944 193.5 0.2 429 2772 0.898 0.698 0931 121 58
139.18 1822 794 444 2794 0.65% 0.636 0918 11276
13944 | 2099 0.1 439 e 0.756 0752 0979 130,68
139.38 | 2041 797 4.1 278.8 0732 0729 0921 12571
139,50 | 2094 794 437 s 0755 275 0939 13045
139,04 193.0 8.6 429 78,5 0.898 0.698 0938 122.21
138.68 1875 8.6 43.7 2760 0.679 0.681 0939 119.56
1375 14984 8.1 4.1 2781 0713 0712 05928 133.37
138.18 187.0 794 4.1 TIRS 0.672 .67 092 11645
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