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AMCA Definition

The effect of the system _ PoSITION ©
connections on the fan’s
performance.

— Accounted for by a
system effect factor

— Velocity dependent

— Connection configuration
dependent

» Relative to discharge
velocity profile

POSITION D

\ POSITION B

POSITION A

o . .
R e I atlve to d IStan Ce SWS! Centrifugal Fan Shown
from the fan o Came 2 o Fo Bronr Appheation o
System Effect Factors (Figure 22).
[ QUTLET DUCT ELBOWS
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Fan Tests are Based on Ideal Conditions

- 0% Effective duct length
-50% Effective duct length
- 100% Effective duct length
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AMCA Definition

The effect of the system
connections on the fan’s
performance.

— Accounted for by a
system effect factor

— Velocity dependent

— Connection configuration

dependent _

» Relative to discharge OUTLEY e Elsovs
velocity profile

System effect assessed at

» Relative to distance 2,500 fom and an outlet

from fan area to blast area ratio
of 70%

ebmpapst

 .55in.w.c. at 0%
effective duct length

* .18 in.w.c. at 50%
effective duct length

 .20in.w.c. at 0%
effective duct length

* .05in.w.c. at 50%
effective duct length




Performance Implications

Supply Fan - Greenheck 36-AFDW-41
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Performance Implications

Static pressure, in.w.c.

Supply Fan - Greenheck 36-AFDW-41
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due to system effect
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Supply Fan - Greenheck 36-AFDW-41

Performance Implications

50,000
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40,000

35,000

you didn’t know about system
effect (6% short of design flow)
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This Problem is Often Solved by Throwing
Energy at It

 Fan brake horsepower requirement is typically less
than the incremental motor horsepower supplied

e Motor service factor provides some margin for error
— For our example:

» Brake horsepower at design is approximately
18 bhp

» Brake horsepower required if system effect is
accommodated is approximately 21 bhp

e Horsepower available from a 20 hp motor with
a service factor of 1.151is 23 hp
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This Problem is Often Solved by Throwing
Energy at It

e For our example:
o Speed the fan up and everyone wins!
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This Problem is Often Solved by Throwing
Energy at It

e For our example:
o Speed the fan up and everyone wins!

(Except the planet)

We don’t inherit the world
from our ancestors;
We borrow it from our children

Unknown
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A Known Phenomenon

Carrier SRS stem

design manual
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A Known Phenomenon

PART AR DISTRIBUTION

SYSTEM DESIGN MANUAL
air duct design

air handling apparatus -

SUMMARY OF PART TWO

This part of the System Design Maon
presents doto ond examples 1o guide |
enginoer in proctical design and lyout
air handling equipment, ductwork and
distribution cempenents.

The text of this monual Is offered os

- general guide for the we of industry and
comuliing engineers in designing nyst

it o o e © Carrier Corporation 1960
Seventh Printing 1966
Eighth Printing 1948 (510308)

e

T Carrier Corporetion 1940
Savanth Printing 1944
Eighth Prinsing 545 16308}
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A Known Phenomenon
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2-10

PART 2. AIR DISTRIBUTION

SINGLE INLET FaN SINGLE INLET FAN DCUSLE INLET Fan
~E NOTE S

PLAN VIEW

TN b
L HoTE 3
ELEVATION VIEW ELEVATION VIEW
DIMENSIONS ¢

.

ELEVATION VIEW {SECTION)

€ CIAMETER OF FAN INLET  E » 43" MAXIMUM 30" PAEFERRED

INLET CONNECTIONS

BEST

TRANSFORMATION |” iN 7* FREFERRED,
I* 1M 4% PENMITTED NOTE 68 7

DINENSIONS

ArifsE TOfen

B+ FAN CISCHARGE OPENING,
LARGEST DIMENSIN

DISCHARGE CONNECTIONS

NOTES:

1. Fan should be centered in casleg 1o provide good fow
conditions.

2 Al euipment should be centered bor best perfosmance.

3 Amghe “E i wsed 10 determine “F” distance between
expuipment and fan,

LR, =& im. Vane spacing delermined from
Chari &

Uie sjuare vaned elbaw for best o th takeoll

in appenite dimction 1o fan meon.

Stape of 1 in 47 recomemendnl

Shojre of 17 | 7= resommendnd far high vebocity

Tow veliity.

Fia. 6 — Smecir Fan Iveer ano Disciagce Coxnkemions
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A Known Phenomenon

2-10 PART 2. AIR DISTRIBUTION

SINGLE INLET FaN SINGLE INLET FAN DCUSLE INLET Fan
E NOTED

odp apbot

BEST GoOoD

TRANSFORMATION 1" IN 7" PREFERRED,
1" IN 4" PERMITTED NOTE €& 7 =

FYrTY

i fj‘ﬁ—nors
= ‘< 5

_ R

— A
DIMENSIONS : —B—
AzifxB TO 2% xB S

B = FAN DISCHARGE OPENING,
LARGEST DIMENSION

DISCHARGE CONNECTIONS

NOTES:
1. Fan should be centered in casing to provide good flow 5. Use square vaned elbow for best results, with take-oft
conditions. in opposite direction to fan rotation.

=]

2. All equipment should be centered for best performance. 6. Slope of 17 in 4" recommended for low velocity.

3. Angle “E” is used to determine “F” distance between 7. Slope of 17 in 7" recommended for high velocity.
equipment and fan.

4. R, = 6" minimum. Vane spacing determined from
Chart 6.

Fic. 6 — SINGLE FAN INLET AND D1SCHARGE CONNECTIONS
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A Known Phenomenon

CHAFTER 1. AIR HANDLING APPARATUS 2-11

L
Lwome s

-

AL
AT l

#y 6} MpCETERMNED FROU CHANT &, VINE SPACING
Arife rorge
B - LOMGENT DIMENTION OF UTLET cetamG

NOTES

1. Tramslormarkons o sipply duct have maximon sope of 3. Do o4 isisall diices s hat the
1

air flow iy coumter ta
Eas poeatien, I mecessary, turm fan section.
elbenes with double thicknes: vanes may be & Tramaformations asd units shall he adequately

s -
submtituied, et 0 o weight is om tie fexibile fan connection,

Fig. 7 — Muvtiree Fay Usie Disciancy. Conspcrions
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AMCA Data Becomes Available in the
Late 1970’s/Early 1980’s

POSITION C

POSITION D

> Pl POSITION B
~ e .
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; ]ao X

/
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&

r POSITION A
SWS8! Centrifugal Fan Shown

Note: Fan Inlet and Elbow Positions Must be
) Qriented as shown for Proper Application of
B S AR o System Effect Factors (Figure 22).

OUTLET DUCT ELBOWS
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Current ASHRAE Handbooks and Fitting

Database
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Duct Design

SRT-6 Fan Outlet, Centrifugal, SWSL, with Elbow (Pasition B)
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Field Experience Indicates Some Room
for Improvement

Left image courtesy of HPAC Editorial Advisory Board
Member Ron Wilkinson

ebmpapst




Why Does This Matter?

s ss s Recent PIER (California’s Public
ey Callforni e sl Interest Energy Research program)
Cor found that:
R — For small commercial buildings
(30,000 — 50,000 sq.ft.)
 |nstalled fan power exceeds
ARI assumptions
— Fan scheduling and control

- - ) ST — Fan sizing and distribution
http://www.energy.ca.gov/pier/final_project_reports/500-03-082.html System Issues

« Best practices savings
potential — 10-15% over
current approaches

ebmpapst




Why Does This Matter?

s ss s Recent PIER (California’s Public

it AN ) A, Interest Energy Research program)
e tound that

%ﬁ:ﬂ:md Energy Systems: Productivity & Building _ For |arge CommerCIal bUIIdIngS
» Best design practices could

save $0.12 per square foot
in fan energy

 Fan selection and duct

- . ) e sizing are significant
http://www.energy.ca.gov/pier/final_project_reports/500-03-082.html co ntri b utors

ebmpapst




Design Phase Issue with Life Cycle Cost
Implications
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Savings Summary

Air handling unit
discharge
configuration

Static pressure
savings at design
flow compared to the
base case, inches

Annual energy cost
savings at 2,600
operating hours/year
(typical office

Annual energy cost
savings at 8,760
operating hours/year
(typical hospital)

water column building)
Top, reversed turn 0.00 Base Case
Top, forward turn 0.17 $69 $234
Front with offset 0.30 $120 $406

Savings based on $.09/kWh electricity and a 10,000 cfm system

EMNGINEERING
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For More Information on Why and How
Design Detalls Matter

Energy Design Resources esign brief
B DeSIgn Detalls DESIGN DETIS .
WWW_energyd eSignresourceS.Com T S S5 T

Building systems than ever before and yet many find they have

a " pr approximatel 1o 15% in
building system  problems. Providing design details on b il £t 2t

construction documents can reduce these |\mhlc||:‘: and save
energy costs.
money. Design details increse the likelihood that designs will be

correctly implemented in the ficld, reducing change orders and

swing first costs. Using design details 1o spe

an optimized

system can also save energy and other operating costs,

For example, it i not uncommeon for the connection berween a
dhuct and a supply plenim o be shown @8 & squire (frepresenting
the plenum) with 4 line connected 1o it representing the duct).

A literal interpretation of this connection may resull in 3 fining

ion of

o

significant pressure loss. However, o simple expar

the duct at the connection paint by a bellmonth ftting can cut

this pressure loss by 50% or more. This cmn translate into
hundreds of dollars in annwal energy savings for numerous

fittings in a krge air handbing system.

Attention 1o design details can improve performance and

efficiency in almost all aspects of a design. Design details are

for:

particularly import.

Introduction 2
Design Details In Piping Systems 5
Design Detals in Alr Handling

Sys

®  Piping and doet an ments that minimize the mm

of fittings and bends

w  Fipe and duct fittings that minimize frictional losses

®  Fan and pump discharge conditions ninimize losses. berms L)
Putting i AN Together 3

Although the cnengy savings for cach detail may be small, the

combined effects in a commercial building are significans, In TENGR E 45

ypical buikding. providing design details can save an owrier Notes 46

approximately § to 15% in encrgy costs,

— ebmpapst




A Common Commissioning Problem

* Resort Spa = High profile, High revenue, High client
expectation area

« Poor “As Built” Spa AHU discharge condition resulted
In poor performance

— Fan ran at full speed all of

the time
— Operating staff juggled set Q
points to maintain comfort

l-ﬁ-l
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Innovative Improvement By The Staff

 Founded on fundamentals

e Implemented directly with
contractors

e Fan runs at 50% speed or
less most of the time

« Comfort through-out the area
served

ebmpapst




The Go d News:

 The Modifications:

— Save 11,508 kWh and $1,150 in electricity
annually

Savings based on $0.10 per kWh electrical costs

— Improved Spa client satisfaction ...

... Priceless!

ebmpapst




The Bad News:

 These benefits and others could have been
realized by right sizing during design
— Spa reputation for quality established from the
start

— Modification costs avoided

ebmpapst




Fan Energy is Directly Related to Flow
and Fan Static Pressure

bhp [

Where :
bhp =Brake horse power into the fan drive shaft

cfm x static
6 '356 % nfansfaﬁ(:

cfm =Flow rate in cubic feet per minute

static =Fan static pressure

6,356 = A units conversion constant

=Fan static efficiency: .40 =.60 for small fans,

.68 -.78 forlarge fans
Divide by motor efficiency and multiply by .746 kW
per horse power to get killoWatts

777[ Nstatic

_Jpheac ebmpapst




Fan Energy is Directly Related to Flow
and Fan Static Pressure

* Flow rate — 25,000 cfm

e Unnecessary static pressure burden — 0.25 in.w.c.
e Fan static efficiency — 72%

e Brake horsepower used - 1.4 bhp

 Jrineac ebmpapst




A Powerful Relationship Out

in the Field
* The Issue
— Resolve a balancing
problem
— AHU flow below « The situation
design ) i
: — “Tense
— Fan motor run into _
service factor  The Cx provider’s goals
e The design approach — Achieve design flow
— Estimate static required — Focus on the problem
based on past experience _ Minimize

— Use one fine duct « Cost of correction
drawings to convey _
requirements e Operating costs
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The Insight

e Eliminating less than 0.25 in.w.c of static from the
system would solve the problem with out a larger
motor

— Reuvise filter change-out pressure drop
— Improve poor fittings

ebmpapst




Resolving the Problem

o Estimate anticipated static pressure at various points
In the system at a given flow rate

 Measure actual static pressure in the system at the
same points and flow rate

— Reference pressure may be important
* Investigate any differences encountered

ebmpapst
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Analyzing the Data

ITEmM DESCRIFTION FLOW | SECTION | DUCT | DUET | BUET | DUCT | VEL | LOSS | CAT. | FRIC. | SECTION | PERCENT | RUNMING TOTAL
| | RATE | tEnsTH | WTH | wTH | BIA VEL | PRESS. |COEFF| LOSS | RATE o OF  [Clean filbers|Dirty filterd
fm Fet | In | In | In Fpm | Inwc | Co | Inwe |Inwc | ITEM | TOTAL | Inmc | Inms
| | per | LOSS
300 ft. | inwmc
0 Dutdosrs 000 000
1 [Tntahe beuwer | 1ee0 I I #OIV/O| | #OIV/OL | N/A | 0I5 | A | 0I5 2 018 a1 B
2 [0.A Danper [ w6e0 [ 2000 | 7200 | 1368 | 0u87 | 052 | W/A | WA | 006 osn | om oz PY St
o s | meimml e [ fom [ o o e Estimate the losses on
4 Wixing Pleruen 13,680 #DIV/O| | #DIV/OL| WA | 020 | N/A | 020 0% | o4 | 044
5 [Filters 13,680 WDIV/ | WOIVON| M/A | 050 | N/A | 050 nan_ | 089 134
& |Cosling coil (met) [ s I I #OIV/0l | #OIV/DI | WA | 071 | NJA | o7 0o 140 208 - = -
7 Reheat cail 13,680 #DIV/| | #OIV/DN| N/A | ©AZ | N/A | 042 R 2a7 an Ite | l l Ite m aS I S
®  |Fon cosieg | 13680 I [ BOIV/Ol | WOIV/O) | M/A | 020 | N/A | 020 0% 202 287
3 Systemaffect - fom discharge 13,680 2700 | 3300 220 | 03047 | 100 | WA | N/A | 030 amn 377 377
10 |¥ beanch, 60", with conversion fo roand | 13,680 2700 | 3300 221 | 03047 | 021 | MA | MA | 006 [ 170 170
U (167 round duct [ asmo z | (1600 | 3560 | 07899 | NA | MA | 095 | 002 03% 368 368 =
12| Radiused 90" round albow [ asm0 | [ 100 | 350 | 07899 | 015 | WA | WA | 012 3 156 154 [ Deplct the resu Its
13 16" round duct 4570 2 1600 3,560 0.7R59 HA HA 055 002 o 3155 385
14 |Fire damper 2970 1600 | 3560 | 07899 | 019 | MA | NA | o015 22% 340 340
15|16 round duct 4970 2 1600 | 3560 | 07859 | NA | MA | 0% | ooe [E 338 138 .
16 |Radused 90° round elbow [ asmo | (1600 | 3560 | 07E®S | 015 | N/A | /A | 02 18% 326 326
17| Seund attenutator 4970 Wo0 | 3560 | 07899 | 0B1 | MA | NA | 044 [ 242 242 ra I C a — a re SS u re
18 [167 reund duct [ asm 4| Tlemo | 3ms0 | 07Es | NA HA_ | 055 | o004 0.6% 288 258
19 |Radused 45° romnd elbow 2970 1600 | 3560 | 07899 | 007 | MA | NA | 006 [ 285z 25
2016 round duct 4570 ) 100 | 3860 | 07BFR | NA HA_ [ 059 013 20% 239 239 - -
2 |Offact doum [ asmo | (1600 | 3560 | 07ES9 | 025 | NA | N/A | 039 25% 220 220 ra I e nt I a ram
22 |16" round duct 4970 5 W00 | 3560 | 07899 | NA | MA | 095 | oos (5 215 215
23|V beench, flow threugh run [ asm | (1600 | 380 | o7ess | 013 () HA | 00 3 208 208
24 [Corical reducer with branch, flow 3.500 100 | 2507 | 03917 | 013 | MA | mNA | 008 [ 200 200
25 |10° round duct 1600 12 1000 | 2934 | 05363 | NA | MA | 073 | o9 3 151 191
26 |Rodiused 45" round elbow [ 1e00 | {1000 | 2934 | 05365 | 007 | NA HA | 004 0.6% 187 187 ) M r h r I
27 (10" round duct [ 1wo z | [000 | 2934 | 05365 | NA | nNA |07 | 001 [ 186 186
78 | Radused 90° round elbow 1600 1000 | 2934 | 05363 | 013 | NA | N/A | o8 1zn 178 L7
29 (107 reund duet | 1600 w_ | (1000 | 2934 | 0835 | NA | MA | 073 | 0w 1% 168 Len
30| 7th flsar comnection, flow throghran | 1600 00 | 2934 | 05365 | 014 | MA | NA | 008 i 160 160
31|10 round duct 1360 12 1000 | 2494 | 03876 | NA | MA | 080 | oo7 0% 183 15 re SS u re ro u n e r
32 6th flsor connacion, flow throughrn | 1360 I (1000 | 2494 | 03876 | 013 [T HA | 008 (B 148 148
33 |9 rownd duct 1100 6 900 | 2490 | 03865 | NA | NA | 080 | 008 (B 144 154
33 |Offet | 1ma I {500 | 240 | o3mes | 028 | WA | N/A | 009 La% 134 134 - . "
35| round st 1100 B 900 | 249 |05 | Na | MA |00 | 005 | om | 1m0 | 1% SI ml ar Con ItlonS aS
36 |Sth fleor connection, flom thromhrn | 1100 900 | 2490 | 03865 | 043 | M/A | N/A | 008 o 128 128
37 |5 round dust [ Tea e | [ 900 | 151 |o2ssa | waA | A | 055 | oos og% 118 18
38| 4th Flear connection, flow through run 850 900 | 1901 | 02254 | 043 | W/A | N/A | oo [ 115 115
39 |5 round duct [ e & | {900 | 1313 | 0078 | WA | WA | 030 | 002 03% 114 114
0 oifet 580 900 | 1313 | 0075 | 025 | WA | WA | 003 [ 11 i Ca C u a e
41 |9 round duct 580 & 900 | 1313 | 01078 | WA | M/A | 030 | ooz [E 109 108
42 |3rd floor connsction, flow thecughren | 580 | [To00 | 1313 | ow7s | 014 | nA | WA | oo oz 108 108
43 |7 rond duct [ 3 700 | 1197 | ooesd | WA | WA | 032 | oot o 107 107
|Radused 50" round elbow [T | [ 700 | 1157 | ooBs4 | 015 | WA | /A | ool LS 106 106
45 |7 rownd duct 320 z 700 | 1197 | 00834 | WA | /A | 032 | oot o 105 105
46 |Radused 90" round elbow 120 700 | 1197 | 00834 | 018 | WA | N/A | oo [ 104 104
47 Closs frtting inberation [ 320 | [ 700 | 1157 | 00894 | M/A | WA | N/A | 000 [ 103 103
48 |7 round duct [ O 700 | 1197 | 00B% | WA | WA | 032 | 008 [ 101 101
49 [Radiused 90° reund elbow [ | [ 700 | 1157 | ooBs4 | 015 | WA | N/A | 0oL oz 059 059
48 |7 rownd duct 320 3 700 | 1197 | 00834 | WA | M/A | 032 | oot o 098 098
49 |7 flew duet 120 1 700 | 1197 | 00894 | N/A | MJA | 064 | 001 am 058 098
50 |Air valve IEED {400 | 400 | ZEB0 | OSITL | N/A | NJA | N4A | D43 3% 055 055
51 |Plarm loss [ 200 | 400 2800 | 08171 | 100 | M/A | WA | o052 ™| oo 003
52 [rill lows ) IECRE 720 | 00323 | 100 | WA | N/A | 003 (3 000 0.00
(] #DIV/OI | #OIV/DL| M/A | MJA | /A | 000
HOIVAO | NDIV/O | WA MSA M/A .00
= | I I | #DIV/O| | #OIV/OL | N/A | NJA | N4A | 000
| ToTaL] 674
| 1 I | I TOTAL with lower los attensater|  6.31
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Conclusions

Pressure Gradient Diagram
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Solutions

e Improve fitting design at areas with higher than
anticipated losses;

— Improved plenum connection at the AHU
discharge

— Improved fitting design at a branch connection in
the main run

 Much more palatable to the sheet metal contractor
than the new motor, drive and wiring service required
to go to a larger motor

 Much more palatable to the Owner who will see
reduced operating cost for the building’s life

HEATIHGPINHGS AR SOHOTICHHG
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The Results

Pressure Gradient Diagram
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The Bottom Line; Everyone Wins

Planet Owner Contractor

— Performance — Lower operating — Improved profit
Improved with brain costs for the life of margin
power, not electric the system
power

ebmpapst




The Bottom Line; Everyone Wins

Planet Owner Contractor

— Performance — Lower operating — Improved profit
Improved with brain costs for the life of margin
power, not electric the system Cx Provider

power .

— Job satisfaction

— Beer (or a nice
Cabernet)

— New relationships

ebmpapst




Plug Fans Solve Space Problems ...

... but they may raise efficiency and sustainabllity issues

. gl
« Comparing a plug fan and a house airfoil fan i e
— ldentical requirements
— Best efficiency selection ==

SP (in. wg) TS Operating

Power (hp.)

Volume
(CFM)

33-AFDW-21
44-PLG-IT

Housed Airfoil
Backward Inclined Plug

ENGINEERING
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Plug Fans Solve Space Problems ...

... but they may raise efficiency and sustainabllity issues

Wl [

« Comparing a plug fan and a house airfoil fan
— ldentical requirements N\
— Best efficiency selection e

TS
(ft./min)

ov Operating
(ft./min) Power (hp.)

Volume SP (in. wg)

(CFM)

33-AFDW-21
44-PLG-IT

Housed Airfoil
Backward Inclined Plug

* Ripple effects
— Larger drive
— Larger electrical service
— Capturing benefits now — Easy
— Capturing benefits later - Hard

EMNGINEERING
I




Filter Location Impacts Fan Energy

<— Shorter 4>{ Minimum loss <«——— Longer
/I\/potential _

] |

@ O i

X |

\ Negative pressure
after filters

N

No negative
pressure after
filters

Higher loss
potential

« Different configurations

. . . I S
 Different dimensions D% S
|

« Different fan static >l
reqUirementS < Longer
. HIPAC

ebmpapst
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Early Discovery = Better

Detail improved fitting at design
— May lower first cost
* Less sheet metal

— Capture life time savings with a wiser and/or lower
first cost expenditure

e Less static= Smaller fan
Smaller drive
Smaller wire
Smaller service

ebmpapst




Early Discovery = Better

Discover a problem during installation
— May take money to correct

* Reconfigure

e Design issue vs. contractor issue
— Capture operational savings
— Loose first cost savings

ebmpapst



Early Discovery = Better

Discover a problem after installation

— Correction may be financially unviable unless driven
by a performance requirement

— Operational penalty for the life of the system
— First cost savings opportunity lost

ebmpapst




System Effect and Duct Fittings
(Fittings Interact!)

12" Diameter Duct

System Interaction for Closely Spaced Duct Elements,

Total pressure drop
for the closely space

fit

tings is calculated

by adding the losses

multiplier shown in

ebmpapst

2.00
1.80 -
1.60 //\\
1.40 \ calculated for the
\ fittings as individual
- 1.20 9 e — elements and then
@ [—
§- 1.00 + = A ______.-___k mUItlplylng them by
= the system effect
= .80 -
the curves.
0.60 4
0.40
0.20 - ‘ ‘
000 L) L) L) L) L) 1
00 10 20 30 40 50 60 70 80 90 100 11.0
; C Centerline distance between elements in feet
ENGIMNEERING




Fitting to Fitting Interactions = Big
Difference

Close Coupled Elbows

0.25
«—— > ——
L any High
welocity velocity

0.20 —lr /‘ o
u Loss through two closely coup
= / A0 mitered vaned elbows
w015 /
‘gé Marmal application @
£ range :

" Fa*
g 0.10 7 @
5 / for
g / Lozs through two sepera
m 005 — non-interacting elbows
E /i/ —
et
000
A
-00s ] Loss through a 457 offset with

0 1,000 2,000 3,000 4,000 5,000 6,00 L= bl pe ek
minimiz e interaction
Velocity, feat per minute

_ jimeac ebmpapst




Techniques For Addressing Fitting Losses
Have Been Around for a While

Carrier JSVSEET

design manual

ebmpapst




Techniques For Addressing Fitting Losses
Have Been Around for a While

nnnnnnnnnnnnnnn

© Carrier Corporation 1960
Seventh Printing 1966
Eighth Printing 1948 (510308)
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Techniques For Addressing Fitting Losses
Have Been Around for a While

CHAPTER 2 AR DUCT DESIGH

- TABLE 12—FRICTION OF RECTANGULAR ELBEOWS

BADIUS BLBOW N T =
WO VANES RADIUS ELBOW —WITH VANES SGUARE ELESWS!

= = : —
. W8 | edies Ratiaf B - b b= | st Tuiet Singis Thiskne
®/D = 1.35 (Kacommended} (Asseptabish | ferning Vanes Turaleg Vanss
'ADDITIONAL FQUIVALINT LENGTH OF STEAKIHT DUCT (FT)
v Vane
P n s 1 a 3 o
s 5 3 1 3 3 30 I
0 E 31 3 3 2 a3
s 1 | = il » ] ] )
n 1 m [ 13 1 {12 23
” n a 2 o 3 s |
n n 3 » 3 w
£l » 3 1 2 F
i n i 3 3 ]
15 n " 2 i
13 ie v m 1 15
12 13 ) W
w . ar n 7 » 3 1 @
3 2 3 3 T 3 7 5
3 i 13 a | m 2 b
i 18 w i i 3 ) n
1 1 n i £] 2 7 %
1 i3 ; 3 is 3 13 0
- '
33 3 |
33 2 3 3 " @
4 2 1 3 n s
n ] ] 2 ] P
3 1 21 2 18 )
it i X 1 13 35
15 1 1 3 12 m»
1 1 19 15
i | B 12
¥ 1 7 10
2 I 3 2 0
3 2 3 ol i
£ | ] 0 ¥
|l : 16 10
i 18 3 1 3
! 1 1 2 e
13 i ¥ 15
10 1 5 1
' 1 b 16
n 3 o 1
1% 72 3 1 3 2 5
1 i 2 n F] i 7
1 2 i x 2 [ »
13 i i 15 3 n 5
19 It [ 12 1 ] 2
v 12 i [ 15
' E i 8 1
7 H 1 ‘ 10
n 17 2 1 3 7 ©
16 7 a 3 7 T
i i 17 3 18 3
2 1 1 3 1 5
| 10 i 12 3 i 0
. | ] 12 ) ] 15
| T ¥ ; 7 1
| “ ' : s 10
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Techniques For Addressing Fitting Losses
Have Been Around for a While

| CHAPTER 2 AIR DUCT DESIGN 243

TABLE 12—FRICTION OF RECTANGULAR ELBOWS
RADIUS ELBOW S + squ
e NO VANES RADIUS ELBOW—WITH VANESI al QUARE ELBOWS?
DIMENSIONS o = . =
in) i E\;\ B el
b B ey JUE 3
" SRS EFEE =]
w D Radius RatieT Rt = 6" Ry = 3" Double Thickness Single Thickness
R/D = 1.25 (Recommended) (Acceptable) Turning Yanes Turning Vanes
ADDITIONAL EQUIVALENT LENGTH OF STRAIGHT DUCT (FT)
Vanes Vanes

96 48 31 45 2 43 3 40 60

36 25 36 2 31 3 30 45

30 22 31 2 38 2 25 37

24 19 33 1 29 2 20 30

20 16 28 1 235 2 17 25

72 48 28 44 2 41 3 35 &0

36 23 33 2 29 3 29 45

30 21 28 2 33 2 25 37

24 17 29 1 25 2 21 30

20 15 23 1 19 2 18 25

16 13 18 1 16 2 15 20

12 12 15 1 11 15

60 48 2 41 ] 39 3 33 60

36 22 31 2 7 3 27 45

30 19 25 2 31 2 23 37

24 16 27 1 26 2 20 30

20 14 22 1 21 2 17 25

16 12 16 1 15 2 13 20

2 1 10 1E

HEATIHGPINHGS AR SOHOTICHHG
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The Effects of Multiple Fittings Were
ecognize

210 PART 2. AIR DISTRIBUT,

TABLE 10—FRICTION OF RECTANGULAR DUCT SYSTEM ELEMENTS

BLEMENT CORMTIONS | o mane i
[
wctangater Radies Tihaw D
w/o 75 | teo | tasr | 130
L0 Ra
7
i
5
r
Reetanguier Vaned Radies Elbew
X* Ehaw Vanad ¢r Umvomed Rodin Bbcw /90 Homery v for
il 307 bt
Heetungulur Favars Bbow Mo Vasss w0
Single THcknes Terming Vames 15
=
e e e 12
Coubls Hbew $=0 (]
W/D = 1, /D = 1.38% 5=0 L]
Drubls Elbaw 5=0 »
W/D = 1, /D = 139% §=D 1
Doubls Elbaw 5=0 | 15
|
|
|
W/D = 1, BfD = 1.25* Far Bath 5=0D 1
Davbis Elbow Biractian of Arras is
W0 =2 m/0- 12 mo=8 Bavarin Domation an
Dauble Ebow P S Direstion of Arrew ”
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The Effects of Multiple Fittings Were

Recognized

CHAFTER &

AR DUCT DESIGN

TABLE 12—FRICTION OF RECTANGULAR ELBOWS

RADIUS BLBOW NADIUS ELEOW —WITH VANES] SOUARE ELECWS!
HO VANES l— S -

Double Elbow S$=0 15
w/D = 1, R/D = 1.25* 5= 10
Double Elbow $=0 20
w/b = 1, R/D = 1.25% Si="D 22
Double Elbow $=0 15
W/D = 1, RfD = 1.25* For Both S=D 16
Double Eibow SECTION Direction of Arrow 45
<] !
o %
W/D = 2, Ri/D = 1.25% R2/D = .5 Reverse Direction 40
Double Elbow Direction of Arrow 17

ebmpapst



The Current ASHRAE Handbooks and
Fitting Database Expand What we Know

HEATIHGPINHGS AR SOHOTICHHG

34.56

CRE15 Elbow, Mitered, 90 Degoee, Double- Thickness Yanes { Design 2)

2001 ASHRAE Fundamentals Handbook

C.o=028 .
r=20in
1212800
CR-16 Elbow, Mitered, %0 Degree, Doable-Thickness Vanes (Design 3)
v
redSin
522800

CR3-17 Elbow, 2-Shaped
= 8
LW

MW 00 04 86 B8 18 12 14 L6 1S 8 48 RO 100 1000
025 000 068 069 177 259 357 441 460 464 460 139 103 270 243
050 0,00 0.66 006 1,72 28] 356 439 447 4,52 447 330 204 262 246
075 0,00 064 004 167 274 175 407 435 439 435 130 286 23
L0 0.00 062 000 161 263 360 400 415 432 415 108 275 245 230
150 0.00 039 086 153 143 351 307 400 397 253 261 233 210

200 0,00 0.56 081 145 237 325 361 376 180 378 277 248 271 207
DN .00 050 075 134 118 300 333 347 350 X47 2156 228 200 1.9
400 0.00 0435 070 126 2 403 326 339 326 240 215 191 179
600 0,00 045 063 116 159 260 289 101 104 301 232 198 176 166
SO0 0.00 043 063 1,13 154 293 251 203 298 293 206 193 1.72 181

Reynolds Number Correction Faclor K,
" o Ll 4 i) L
K, 140 L% 119 L4 109 106 L4 L0 100

€, = KCp
‘wheng K, = Reynoids rumbe: cormection facior

ebmpapst



FLOW Relationships

From the Darcy - Weisbach Equation
H, oV 2
Where:
H_ =Friction loss for fully developed conduit flow
V =Fluid velocity

HEATIHGPINHGS AR SOHOTICHHG
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@/ﬁf/ﬁz Relationships

For fittings: AP fting = Co Pretocity
Where:

AP fiing = Fitting pressure loss
C, = Local loss coefficient

Pueinciy = Velocity pressure

Velocity pressure is VERY significant:
V =4,005

Therefore :

(Vv
] o pvelocity o 4’ 005
- HIPAC

Fib ua
11 ENGINEERING

pvelocity

ebmpapst
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As with Most Relationships ...

There are games to be played!

e Low aspect ratio or round ducts may be more
sustainable

— Square shafts vs. long thin shafts
— Accommodate deeper ceiling space requirements
with:
« Soffits for main ducts
o Exposed ductwork

ebmpapst




As with Most Relationships ...

... there are games to be played!

Looking at Different Options for Moving 10,000 cfm at a Nominal .2 in.w.c./100 ft.,
2 inch Pressure Class Duct

Duct Size - inches Aspect Cross |Perimeter| Ratio of | Gauge |Pounds of |Velocity -
Ratio | Sectonal - ft. Cross Sheetmet| fpm
Area - Sectional al per
sq.ft. Area to lineal foot
Perimeter of duct
Height Width [ Diameter ‘ k
N/A N/A 29.0 N/A 4.59 7.59 0.60 9.10 | 2,180 |
26.5 26.5 N/A 1.0 4.88 8.83 0.55 8.00 | 2,051 |
18.0 41.0 N/A 2.3 5.13 9.83 0.52 11.37 1,951
14.0 56.0 N/A 4.0 5.44 11.67 0.47 13.49 1,837
12.0 70.0 N/A 5.8 5.83 | 13.67 | 0.43 15.80 | 1,714 |

Round duct weight information based on spiral construction.

ENGINEERING
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But, Sometimes you Win ...

... and some times, you loose.

Velocities and Velocity Pressures in Small vs. Large Ducts at Equal Friction Rates

Duct Size - inches Aspect Cross |Perimeter| Ratio of CFM |Velocity -| Velocity
Ratio | Sectonal - ft. Cross |Capcity at| fpm Pressure ;
Area - Sectional | a Friction in.w.c.
sq.ft. Area to | Rate of
Perimeter .15
in.w.c.
per 100
ft.
Height Wig Diameter ‘
N/A N/A 6.0 N/A 0.20 1.57 0.13 130 0.03
N/A N/A 48.0 N/A 12.57 12.57 1.00 32,000 0.40
6.0 12.0 N/A 2.0 0.50 3.00 0.17 420 0.04
24.0 48.0 N/A 2.0 8.00 12.00 0.67 16,500 2,063 0.27

_ Jpheac ebmpapst




But, Sometimes you Win ...

... and some times, you loose.

Velocities and Velocity Pressures in Small vs. Large Ducts at Equal Friction Rates

Duct Size - inches Aspect Cross |Perimeter| Ratio of CFM |Velocity -| Velocity
Ratio | Sectonal - ft. Cross |Capcity at| fpm Pressure ;
Area - Sectional | a Friction in.w.c.
sq.ft. Area to | Rate of
Perimeter .15
in.w.c.
per 100
ft.
Height wid Diameter
N/A N 6.0 N/A 0.20 1.57 0.13 130 6‘ 0.03
N/A N/A 48.0 N/A 12.57 12.57 1.00 32,000 0.40
6.0 12.0 N/A 2.0 0.50 3.00 0.17 420 0.04
24.0 48.0 N/A 2.0 8.00 12.00 0.67 16,500 0.27
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Specifying SMACNA is a Good Start

... but it's not a design
solution!

HVAC
DUCT CONSTRUCTION
STANDARDS

METAL AND FLEXIBLE

HEATIHGPINHGS AR SOHOTICHHG
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SMACNA Elbow Standards

e
&

\

TYPE RE 1 TYFERE 2
RADIUS ELBOW SOUARE THROAT ELBOW
WITH VANES
cenTeRUNE R = T unagss oTHERvasE
SPECIFIED #15 NOT RESTRICTED T0 30",
‘SOUARE THROAT, 1. 0.5 MAY BE USED,
UP TO 1000 FPM (5 mpa).

N

TYPE RED TYPE RE 4
RADIUS ELBOW SOUARE THROAT ELBOW
WITH VANES

WITHOUT VANES
(1000 FPM (5 mpsn) MAXINLUM VELOCITY)

TYPE RE S TYPE RE &
DUAL RADILS ELBOW MITERED BLBOW

BEAD, CROSSBAEAK AND REMFORCE FLAT SURFACES AS I STRAGHT DUCT PAGE 1 OF 2

| . RECTANGULAR ELBOWS FIG. 2-2

@ HVAC Duct Construction Standards Metal and Flexible - Second Edition 23

bie '
‘ ”“'”
L/

PLEATED STAMPED

ADJUSTABLE

SEGMENTED SEGMENTED
STANDING SEAM
ROUND DUCT ELBOWS FIG. 3-3 .
310 HVAC Duct Construction Standards Metal and Flexible - Sacond Edition @,

HEATIE/ PG AR SEHOTICHHE

EMNGINEERING
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SMACNA Flow Division Standards

1
O . _j.;"" e *';""_ LONGITUDINAL OR SPIRAL SEAM —
M
\
TYPE3 STITCH WELD ON &
9 (10,1 ) CENTERS OR
e o L SPOTWELD 0N "

15.08 mm) CENTERS OR
* 5 ELIP OR U CLIP OFTIONAL
ALL SUCH CONNECTIONS TO
BE SEALED Weed” (102 mm] MM 90" TEE FITTNG 00* TAP

SCREW 47 (40.1 mam)
ON CENTERS
3 (78.2 mem) WHEN
T30

Caddr

0" SADDLE TAP

(152 me) WHIEN
C = §-16° (229406 mem) WELD—

(229 mm| WHEN
© = A7-24° (432810 rem)

12" (308 mm) WHEN
= 25°UP (535 mm ) el R

M
W

Dz = 4° (12 mmi) MIN.
D3 = 4° (22 mmi) MIN.
RECT. TAP STRAMHT

VOLLME CONTROL SHOULD BE BY BRANCH DAMPERS,
W & SPUITTER IS SHOWMN I THE DESIGN ITS STANDARD SPIGOT LENGTH 15 2° (51 mm) O 48° LEAD M
LENGT

HSHOULD BE 1 SWOR 1503
° DIVIDED FLOW BRANCHES FIG. 2-5 ® 90° TEES AND LATERALS FIG. 3-4

@ HVAC Duet Construction Standards Metal and Flexible - Socond Edition an

@ Motal and Flexible - Second Edition

HPAC ebmpapst




Duct Elbows

ZR3-9 Elbow, Mitered, 90 Degree, Single-Thickness Vanes (Design 1)

e L. | A Turning vane
design significantly

Impacts mitered
elbow
performance!

HEATIHGPINHGS AR SOHOTICHHG
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Duct Elbow Losses

CR3-1 Elbow, Smooth Ra

C, = KCp where K =arigle factar

]

6.00  8.00
L16  L18 | Ay
) 044

r%l%s

o500 153 B38 120 18 .00 1.00 X b
0,75 YO.570.52 048 044 040 039 039 040 042
100 27 (.25 023 021 019 048 048 019 0.20

150 022 020 049 0617 005 014 014 015 0.6
2.00 020 018 016 015 014 013 QI3 014 014
Angle Factor K

] n 20 30 45 60 75 90 10 130
K 0.00 031 045 060 078 1.00 1.20

Minor design
differences

CR3:-3 Elbow, Smooth Ra

/-SPL['ITER VANE

CP Values =
T e Major loss
100 150 600 7.00 8.00 W
043 045 055 066 075 93 1 ! | ° .
025 028 030 035 039 l
0.1 019 020 022 0325 H=—— I erences_

014 014 015 046 017

@11 011 011 012 0313 FRONTVIEW
0.00 009 009 009 010 G, =KCp
085 0.3 009 008 007 007 008 008 = j
090 011 ODE 007 006 006 006 006 Ry =RICR
0.85 0.0 007 006 005 005 005 005 where

R = throat radius
R; =splitter vane radius
CR=curve ratic
Angle Factor K K = angle factor
G} 0 30 45 60 90

000 045 060 078 100

1.000 009 006 0.05 005 004 0.04 004

Curve Ratio CR
/W 035 060 065 070 075 .80 0B85 090 095 1,00
CR 0218 0302 0361 0408 0447 0480 0502 03535 03357 0.577

Threat Radius/Width Ratio (R/W)
/W 055 060 065 070 075 080 085 0.9 095 1.00
R/W 005 010 015 020 025 030 033 040 0.30

bl I

HEATIHGPINHGS AR SOHOTICHHG
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Pressure Drop, inches w.c.

How | Learned About This

4.50 1
4.00 I I

< >| < >
3.50 Low —— High |

velocity velocity
3.00 - \ Obstruction
950 - Dimension change made in a
' < > turn with an expanding elbow
2.00 4 Normal application
range

1.50 -
1.00 /
0.50 >
0.00 - ) : ,

I I Dimension change made by
-0.50 ' T ' ' | expanding after the elbow

0 1,000 2,000 3,000 4,000 5,000

Velocity, feet per minute

HPAC ebmpapst




Details Matter
Minor cost addition = Major energy reduction

4.0 T
35 - Straight tap
=
£
S 3.0 1 N
o Low High
o velocity velocity
T 25 .
2
[}
0]
S 2.0 - ; Normal 45° entry tap
é application
o
Q15 -
o
g
?
® 1.0
L <>
&
0.5 1 ‘\/ Flow dividing
/ &. fittina
0.0
0 500 1,000 1,500 2,000 2,500 3,000 3,500 4,000 4,500 \

Velocity (Feet per minute)

g e ebmpapst
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Single Line Drawings

4.4 e Single Line Duct
‘ Drawings
ZFW vd — Contain all the

— Are subject to

J basic
’ information
1

o Interpretation
word e — May introduce
A their own
problems
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Single Line Problems

1. Fire damper
ISSues

= 2. Turn geometry
: Issues

3. Flow division
Issues

VAV VAV 4. Terminal unit
YNV VYN 24z ISSUEes

26" k24"
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Double Line Solutions

z
l A .

45° Entry fitting. See detal
~

and SMACNA standards.

26''x24" ‘ : ) Ve D
T | A

duct, Max. lg = %' unless
othe approved by
20° Max. the Enqineer. Max, saq = 1/ 2"

~— per foot of support spacing ( Typ.)

Minimum 1" wide support
straps sclected and 241y
installed to not damage the |2
duct or force 1t out of
round.

24“ 6'0”
Q4HX Max.ﬂ

e~ TN

an p

4 —1

Pimension C =

CCFM C/ CFM A x Ductf Width i Dimenfon B = CCFM B/ CFM A x Duct A Width

Duct C, CFM C f_

Puct B, CFM B

v

Marual vdume damper

e N

EMNGINEERING

Double line duct
drawings clarify
many of the issues
noted in the previous
slide
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One Thing Leads to Another

The fan horsepower used in moving air results in heat
the becomes part of the room sensible load, provided
the fan is on the leaving air side of the conditioner. If
the fan is on the entering air side, the fan heat becomes
part of the refrigeration load, but not of the room

sensible heat.
Dr. Willis Carrier

_ jimeac ebmpapst




One Thing Leads to Another

Example:
— Draw through system, motor in the air stream
— 20°F supply air to space temperature differential
— Fan static = 4 inches w.c.
— Fan heat = 10% of the sensible cooling capacity!

ebmpapst




One Thing Leads to Another

The power of the chilled water circulating pump is a
heat gain similar to that of the fan, but is added to the

total heat since it affects only the refrigeration load.
Dr. Willis Carrier
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One Thing Leads to Another

Example:

— Chilled water system; 1,000 full load hours per
year

— 2 gpm per ton circulated at 75 ft.w.c. head with
70% pump efficiency

— Pump heat accounts for 10% of the total cooling
ton hours furnished by the plant!

ebmpapst




One Thing Leads to Another ...

* The bottom line:
— Fan static becomes fan power
— Fan power becomes cooling load leading to:
e Bigger pumps and refrigeration machines

« Additional cooling load due to the extra pump
heat

» Cooling tower capacity due to the additional
chiller motor efficiency losses associated with the
larger chiller

— Interested in learning more?

o See Jerry Willlam’s Fan Heat Articles Published
«.2Fae N HPAC In September and October of 2005
AN i — ebmpapst




Want To Learn More?

5 o

Eee—meeemeem s Go to www.HPAC.cOm
' — Subscribe!
— Use the on-line resources

HEATIHGPINHGS AR SOHOTICHHG
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http://www.hpac.com/

Want To Learn More?

e

rrw—-m e :l ]wnmm

S o oo s swme= == .. Usethe resources available from
vendor web sites like our sponsor’s

at www.ebmpapst.us

Tech Articles

HEATIHGPINHGS AR SOHOTICHHG
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http://www.ebmpapst.us/

Want To Learn More?

DEE SRR OB eEx
B -

Take advantage of resources like
. the ASHRAE Duct Fitting Database
~and the ASHRAE Handbooks
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Want To Learn More?

« Purchase the Buffalo Fan Engineering
Handbook

— Order on line from
http://www.howdenbuffalo.com/

— Look in a used book store

 Purchase Air Movement and Control Association
International (AMCA) publications

— 200 — Air Systems

— 201 — Fans and Systems

— 202-88 — Troubleshooting

— 203 — Performance Testing

— Order on line from http://www.amca.org/

HEATIHGPINHGS AR SOHOTICHHG
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http://www.howdenbuffalo.com/
http://www.amca.org/

Want To Learn More?

Make use of publicly available

resources:
I . — The DOE/AMCA
F';‘.E E(;r‘gtg?n sourcebook Improving Fan
Performance System Performance can be
B downloaded at
http://industrial-

energy.lbl.gov/node/297

HEATIHGPINHGS AR SOHOTICHHG
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http://industrial-energy.lbl.gov/node/297
http://industrial-energy.lbl.gov/node/297

Want To Learn More?

E Make use of publicly available
resources:

— The Advanced VAV System
Design Guide can be
downloaded at
http://enerqgy.ca.gov/reports/
2003-11-17 500-03-082 A-
11.PDF

HEATIHGPINHGS AR SOHOTICHHG
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http://energy.ca.gov/reports/2003-11-17_500-03-082_A-11.PDF
http://energy.ca.gov/reports/2003-11-17_500-03-082_A-11.PDF
http://energy.ca.gov/reports/2003-11-17_500-03-082_A-11.PDF

Want To Learn More?

o Make use of publicly available
Small HVAC System Design Guide resources.
— The Small HVAC System

Design Guide can be
£ downloaded at
http://www.energy.ca.gov/re
i ports/2003-11-17 500-03-

082 A-12.PDF

HEATIHGPINHGS AR SOHOTICHHG
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http://www.energy.ca.gov/reports/2003-11-17_500-03-082_A-12.PDF
http://www.energy.ca.gov/reports/2003-11-17_500-03-082_A-12.PDF
http://www.energy.ca.gov/reports/2003-11-17_500-03-082_A-12.PDF

Want To Learn More?

o 27 Energy Design Resources offers:
— Publications

— Online Tools

— Software

— Training

Visit them at
Wwww.energydesignresources.com

HEATIHGPINHGS AR SOHOTICHHG
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http://www.energydesignresources.com/

Want To Learn More?

The Functional Testing and Design
Guides at www.pecli.org/ftguide
provide field insights into design
and operational issues related
to fans and the utility systems
that support them

— ebmpapst



http://www.peci.org/ftguide
http://www.peci.org/ftguide/

Want To Learn More?

The Pacific Energy Center

— Training for Californian's in their
service territory.

— Some classes available as web
broadcasts

And, they have a tool lending library!

Find out more at www.pge.com/pec/

PAHIC A SSHENTIE S
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Want To Learn More?
Get a Field Perspective on Design!

« Attend the 15" National Conference on
Building Commissioning
— May 2-4, 2007
— Chicago, IL
— The Sheraton Towers
e Learn Techniques

» Meet other Providers, Owners, and
Researchers

e Share Ideas
e Attend the Trade Show
e Eat, Drink and Be Merry!
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http://www.peci.org/

Questions?

Thanks for attending!

Go make the world a better
place
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