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Excess air coefficient and energy loss ratio

Excess Air Exhaust Oxygen, Energy Loss Ratio,
Coefficient 02 (%) Exhaust Gas (%)
1.1 1.9 9.4
1.2 3 10.3
1.3 4.8 11.1
1.4 6.0 12.0
1.6 7.9 13.7

{In the case of heavy oil combustion at exhaust gas temperature of 250 °C and atmospheric temperature of 20 °C)
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Total PressureXxAirflow

Total Efficiency = DhD e 362
p X6, 100% 0%
Where: Total Pressure is in inches of water 5% s
. - . ) 80% 20% -E
Airflow is in cubic feet per minute (cfm) E 2 0% &
bhp is break hoursepower S Z e 0% 2
[~ £ ]
) 27 50% 50% 2
. i RPM final S . 2
Airflow final = Airflow initial (———————) gL e e =
RPM initial 2 0% 0% @
RPM final 20% 80% 5
Pressure final = Pressure initial 2 “ % &
" e (RPM Lmtlal) Tne o P
0% ; — 100%
RPM flnal 3 100% 80% 60% 40% 20% 0%
Power final = POwer initial ( RPM initia l) T Percentage of Original CEM

b jLulgd glgil b o Loil -) -

55 7o Dm0 4y Ty il 5o a5 5 Cuslo 5 5 e a5t inlsS inlo e o8 aitens galSius lajlulsa

e o plxl




1S3 sk yo b J S Ghgy sl 5 jlulgs glgil

(CAV: Constant Air Volume) <ol ez slajlulsn )
LekigS byl J 5 otmms Janwgi I (5lod 1ot b )b Dl 9 ol oo slulga (295 (sl pn Lajlulgn (ol 5o
gd (oo el

(VAV: Variable Air Volume) it o> slajlulga Y
L b Ol cplpls ccul s jlilsn 295 clon vz g ol o)lgan lulen 29,5 len slos bajlulen cpl jo
YW 0 r:l:gd‘ (ZOIlG) aalaie FERTST I ‘_gL(b)..;.o..\ .‘a.wy ‘9.0 O S

(VVT: Variable Volume & Temp ) ,ao slos § o> slajlulsn Y

(VAV AHUS) jiio px> s jlwlgn b oLl -V-¥

o (Sl BV L8 (1 4y (6395 slgp oom 55 0 )90 Sl (o5 5 ()l sl Ol Cazr B e (0l o
Sgia 4l "l 02 a0 e e Bl lpaas ol 4l o Sl (6095 S15m Dl ez 8 5 e
HER

(550l a4 jemme) st 590 luwlgn (ouied) )8 5l oolaxul <

(VOV BOX) dilais 1o 4 192 599,9 10 59590 Lo ymad cocs

6l Dag ¥

#oegf T e
Dt siees ok
.ﬂh
= ﬁl’
& ﬁwu
VAV Bew VY Blom Vi Bem
I |
Diamoe ot M et Moapamum omsum
Fakest Cod On Fial Coolirg orre Fahial
100egF Deshege 0 Dog F Discheige ?DDW‘ Dischage
Zore A Zorw B Zorw
t MOmF anFas 1 1 i
= — — 3§
VD
L
i —_ S5A: 5039 slea
e OA: U9t Slen
ouS | EA: G295 Glsa
RA: R85 0 slea
Doa: 523 0350 Sl
3.....1}..\..5 . 3 2 i
bl s J,..._,..s Dex: o L7955 Slsa

Dre: ,ued Zo25 5 Slsa
Dzl: ;00 VAV lame
Dz2: s VAV Dans

—_— P sedls T

258l lsl j

= Die




Modifications to Terminal Reheat System
for Variable Air Volume Operation
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Julian Day Table
Add one to day number for leap years: 1972, 1976, 1980, 1984, 1988, 1992, 1996, 2000, 2004, 2008, 2012, 2016, 2020

Day Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
1 001 032 060 091 121 152 182 213 244 274 305 335
2 002 033 061 092 122 153 183 214 245 275 306 336
3 003 034 062 093 125 154 184 215 246 276 307 337
4 004 035 063 094 124 155 185 216 247 277 308 338
5 005 036 064 095 125 156 186 217 248 278 309 339
6 006 037 065 096 126 157 187 218 249 279 310 340
7 007 038 066 097 127 158 188 219 250 280 311 341
8 008 039 067 098 128 159 189 220 251 281 312 342
9 009 040 068 099 129 160 190 221 252 282 313 343
10 010 041 069 100 130 161 191 222 253 283 314 344
11 011 042 070 101 131 162 192 223 254 284 315 345
12 012 043 071 102 132 163 193 224 255 285 316 346
13 013 044 072 103 133 164 194 225 256 286 317 347
14 014 045 073 104 134 165 195 226 257 287 318 348
15 015 046 074 105 135 166 196 227 258 288 319 349
16 016 047 075 106 136 167 197 228 259 289 320 350
17 017 048 076 107 137 168 198 229 260 290 321 351
18 018 049 077 108 138 169 199 230 261 291 322 352
19 019 050 078 109 139 170 200 231 262 292 323 353
20 020 051 079 110 140 171 201 232 263 293 324 354
21 021 052 080 111 141 172 202 238 264 204 325 355
22 022 053 081 112 142 173 203 234 265 295 326 356
23 023 054 082 113 143 174 204 235 266 296 827 357
24 024 055 083 114 144 175 205 236 267 297 328 358
25 025 056 084 115 145 176 206 234 268 298 329 359
26 026 057 085 116 146 177 207 238 269 299 330 360
27 027 058 086 117 147 178 208 230 270 300 331 361
28 028 059 087 118 148 179 209 240 271 301 332 362
29 029 088 119 149 180 210 241 272 302 333 363
30 030 089 120 150 181 211 242 273 303 334 364
31 031 090 151 219, 243 304 365
cslw gl
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B100 Hardware Modifications ﬁ

Demand side —+— Supply side
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Condensing/ Boiler
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AFCV AUTOMATIC FLOW CONTROL VALVE

*When upstream pressures are at the low end of the AFCV's range, then the piston protrudes
more into the flow of liquid, thus exposing more orifice area and generating a higher flow
coefficient (Cv).Conversely, when upstream pressures are at the high end of the AFCV's range,
the piston is compressed more into the housing unit, thus exposing less of the orifices and
generating a lower Cvas shown in Figure 2 below.The flow equation is as follows:

*Q=CwAP
*Where: Q = Flow (gpm)

*Cv= Cartridge flow coefficient (dependent on orifice area)

*AP = Differential pressure (psid) across cartridge

DESIRED
FLow BT

Y

A

PSID Control Range

o o e e e

Below the contral
range, the cariridge
acts as a variahle
flow device allowing
flow to vary helow the
rated amount

STAINLESS
STEEL
HOUSING

‘Within the wide control range,
the carridge modulates in
response o pressure
differential changes to
maintain a fixed flow rate
within £5% accuracy.

Abave the control
range, the cariridge
acts as a variahle
control device, allowing
flow to vary above the
rated amount.

STAIMLESS
STEEL
SPRING

100% STAINLESS STEEL

PISTON (CUP) IS THE
OMLY MOWING PART. IT
IS NOT PLATED.

COMPUTER
DESIGNED AND
PRECISELY CUT
ORIFICES



1 o g5 ol Aty 2l sm 72 5 ale, S Ol

Typical Parallel Loop Piping
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Primary and Secondary Loops

«—Under Floor Heating

Base Board Heater, typical

Secondary Loop —l

\

Check Valv

Primary Loop
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Secondary Loop Pump
Secondary Loop\

"""""—Secondary Loop Pump
Flow Control Valve

Pressure Relief Valve _
\ \Water Feed Valve

Pressure Reducing Valve
Expansion Tank
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wor ; Water  Weight of
MODEL 15031473150 A B € D E F G jaer Vene
CALOR[E‘WQ: Keal/h Bwh 1 mm mm  mm mm mm mm Inch Liter Kg
AlB
350 | 10 | 95 |=.77 ‘I“l 43n‘3m| 78 ‘ 50 | 25 ‘ 120 | | ‘ .29 | 110
‘ 147 126 500 1348 580 500 7R &0 25 120 | 0.34 135
600 | 170 | 146 | 579 [1331 680 60 | 78 [ 50 [ 25 | 120 | 1 [ o | s
: a2t pladl 5 pa 5T Gillae (J1 5L i 88 o 5 2k 5 GSILaPAT=60TT 53 Waltl com s (o2 925) 3 dom sl
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H A
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Butput Owtput Dutput Gutput Output Output Cutpast
400 350 |1.2827| 785 | 1050 | 1310 | 1570 | 1834 | 2095 | 2360
tPiiP] 555 500 |1.2899| 990 | 1320 | 1650 | 1980 | 2310 | 2640 | 2950
600 550 | 1.2930| 1085 | 1450 | 1810 | 2170 | 2535 | 2896 | 3260

Output in Keal/hr ot At 60°C mean to room temperature from tests carried out in accordance with 150 3147 -
3150

n
Outputs of ath ar At calculated ax follows : () = On l;g—g-)
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Power plant losses 70%

Motor losses 10%

T_ran_smtf;smn and Drivetrain losses 2%
distribution losses
3% Pump losses 25%

Throttle losses 33%

Fuel input = 100

Pipe losses 20%

- EL' 9.5 units of energy output
AN

E From the Drivepower Technology Atlas.
Courtesy of E SOURCE, wwwiesource.com.

Saving a single unit of pumping energy can save more than ten times that energy in fuel.
Y
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Consider Application When Choosing
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Pumping Equipment

1. HOW MUCH FLOW?
Approximate
DELIVERY requiredin
gallons/litres
per minute

2. HOW MUCH PUSH?
Differential PRESSURE
required in pounds per
square inch (PSI) or
Bar

3. WHAT LIQuID?
Type of LIQUID to
be handled

4, HOW HEAVY?
Specific GRAVITY
of the liquid

» ¥

. HOW THICK?

. HOW LONG?

s I g0l 9 Tumo S —Y
Maximum VISCOSITY

of the liquid in

Seconds Saybolt
Universal (SSU)
HOWHOT?

Pumping TEMPERATURE

of the liquid in degrees
of Fahrenheit or Centigrade

HOW MUCH PULL?

SUCTION conditions when
pumping in vacuum, or PSlI/Bar
for pressure

Type of SERVICE, e.g.,
intermitte nt duty, semi-continuous
duty, or continuous duty

.

SYSTEM
CURVE

-

o Two P - . Three Pumps
= i wo FLmps: ™, “r.In Parallel
w Eingla Pump In Parallel
N. "'ll‘
\ .
N LTt
N, .
Flow=1 Flow-2 Flow-3
FLOW RATE
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*Closing/opening discharge valve (“throttling”) to reduce flow.

*Head increases: does not reduce power use.
*Vibration and corrosion: high maintenance costs and reduced pump lifetime.

Svatem Curve with Half Cpen Wale
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wilh Fully Open Valvs
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Haf Jpen valve "
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Flow 2 Flow 1
FLOW RATE
dilg g il —Y
Impeller
Vanes \
\/
“Eye of the
Impeller” Thickness
Water . of the impeller
Ent Diameter of
nirance
the Impeller

*Thicker the Impeller- More Water
*Larger the DIAMETER - More Pressure
Increase the Speed - More Water and Pressure

o dilg (o2l 8 b ylgi g HLAS (0 Ol ki

Pump Affinity Laws
Wheel Velocity Constant, Wheel Diameter Changing

&
5 = flow

= Dressure
4 power
3

Pressure, Flow, Power
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Relative Wheel Diameter
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*Considerations
*Cannot be used with varying flows
*No trimming >25% of impeller size
sImpeller trimming same on all sides
*Changing impeller is better option but more expensive and not always possible
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Potential Area’s of energy saving In Industries
v" Fan
v' Pump
v" Compressor
v’ Plastic injection molding machine
v Mechanical press
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“Types of Loads”

Loads can be grouped into two basic categories:

Constant Torque Loads

e Load does not change with speed

e Industrial loads like presses, conveyors, extruders, compressors, mills, etc.

We buy VFD’s for these applications to control the process, Not to save energy.
Variable Torque Loads (Energy Savings Potential!)

e Load changes with speed

e HVAC, pumps and fans on industrial processes

Where are variable frequency drives used?

Chiller
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Energy Efficiency Opportunities

Parameter Change control valve
Impeller diameter 430 mm
Pump head 71.7 m
Pump efficiency 75.1%

Rate of flow 80 m3/hr
Power consumed 23.1 kW
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Trim impeller VFD
375 mm 430 mm

42 m 345m
72.1% 77%
80 m3/hr 80 m3/hr
14 kW 11.6 kW
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