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Architectural appear‘a-'f |

Only let air in (or out)

« Keep out the bugs and blrds
(and bats)

« Keep out the rain

« Secure the envelope penetration

Have minimal pressure droEAMPERS
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Dampers; Crltlcal Control and-Life Safety
Devices |

Contr'-bﬂl Functions
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Ventilation ;

e Minimum outdoor air flow
« Supply/return flow balance,
Temperature
 Economizer cycle
 Face and bypass control

« Zone temperature control
Pressure

« Building pressure control

* Pressure relief
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Tvoi
ypical Pressyre Relief Door Instal

THiS DOOR WILL
RAPIDLY RE LEASE
AND OPEN IF SISTEV
PRESSURES EXCEED
3 INCHES OF WC.

II}--T-_'I/1O/2001 8:57am




Air Hammer Event: Duct Pressure vs. Time
Based on Ruskin Test Data from their Cataloge
Note that Full Scale on the Time Axisis 1 Second
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Critical Control and
Life Safety Devices

Control Functions

Ventilation

e  Minimum outdoor air flow
« Supply/return flow balance
Temperature

« Economizer cycle

« Face and bypass control

« Zone temperature control
Pressure

* Building pressure control

* Pressure relief

Balancing
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Building pressure control
* Pressure relief

3 Balfancing ‘ - 11/14/2002
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Damper Parts

Blades

Axles or
Shafts
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A Conventional, Flat Pla
Cross-Section.




Greenheck’s Airfoil Blade
Cross-Section
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Blade seals




Parallel vs. Opposed Blade Dampers

Parallel Blade Damper Opposed Blade Damper
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Dampers Use Pressure Drop to Control
Flow

Opposed Blade Damper Characteristics

Developed from the 2001 ASHRAE Handbook of Fundamentals, Figure 15

Opposed and parallel blade
characteristics curves are
different

The damper’s pressure drop

needs to be significant relative

to the system

The more significant the

pressure drop, the more linear e R R
the flow vs. stroke response

Percent Flow

Alpha
(system pressure requirement
divided by damper pressure drop)
—

2
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Linkage Kinematics Can Be Critical
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See Economizers — The Physics of Linkage Systems on
my blog for more information
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l.ife Safety Functions
Ventilation

Pressure Relief
« Explosion vents
* Pressure differential control

Fire Separation




U.L. Labeled ...

Fusible Link




IS N 1] ] /%

e/ [/ L4 R
L 8w e Sor,
VIS 1] [ AL T

s RN -
N EY( ot 4
¢ | g = 4
§ fi pr— e A [ Ry
A d a0 i T
[ L

[7p)
x
w
o
=
<
)
)
Z
<
%)
he
w
>
5
O
I
A




There Are A Lot'of Critical Details
Associated with a Fire Damper Installation




There Are A Lot'of Critical Details
Associated with a Fire Damper Installation
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Fire/Smoke/Control Damper Access is
Critical.

o

Preferabllf

|




Commissioning and Preventive Maintenance
are Critical

0 0.97

3 0.83

9 0.56

18 0.31
5 5 54 0.03

1. Dataderived from the ASHRAE's Design of Smoke Management Systems

2. HVAC fan reliability assumed to be .99 and other components assumed to be .94

3. HVAC fan fan failure rates were assumed to be 10 per hour and other components

assumed to bel0™ per hour
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Minimizing Pressure Drop to Capture
Savings

Pressure Drop - Damper Open (24" x 24" size)

Upgrade smoke dampers to
airfoil blade design

Savings potential = 50%+
reduction in pressure drop
for every hour of operation

50%

Reductlon' -"

ERS of WATER

ES and MILLI

Static Pressure Drop in|
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Fans, Ductwork, & Air
Handling Components:

Supplemental Info
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An Experiment

utdoor Air Dampe
Blade (mltlally

Return Alr Damper
Blade (initially vertical)
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7-1/2 psig (50% stroke)
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Experimental Results

Shaft Extension and Blade Rotation for a Pivot Mount Actuator Driving An Oudoor Air and Return Air

Damper —=a— OA Damper Blade
100 - 4 Rotation
90 - Linear 0 - 90°
Rotation
80 1
E —a— RA Damper Blade
70 1 " Rotation
2
= 60 £ Linear 90 - 0°
2 5 Rotation
occ) 50 1 L] F2 2
(O]
S %  —=a—Shaft Extension
% 40 b =
&
301 _ Linear 0 -3"
! Extension
20 1
10 1
0 0

2.00 4.00 6.00 8.00 10.00 12.00 14.00
Control Signal, psig
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Fortunately, Centerline Drive Actuators
Solve the L "-arlty Problems




Fortunately, Centerline Drive Actuators '
Solve the Linearity Problems; Or Not'':
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Dampers; Crltlcal Control and-Life Safety
Devices

T e

Contri)‘l Functions
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|fq Safety Functlons

enhlatlJ)n

ressurd Relief
xplosflon vents 1
Pressdre differential control ==

|
Ventilation ;
Minimum outdoor air flow |
« Supply/return flow balance, |
Temperature
« Economizer cycle
 Face and bypass control
« Zone temperature control
Pressure
« Building pressure control
* Pressure relief
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Savings via a blade design change

Horse power = (Flow in cfm) x (Fan static pressure in in.w.c.)/(Coversion
constant x Fan efficiency x Motor efficiency)

Flow rate = 46,687 cfm
Static pressure eliminated = 0.23in.w.c. (Ruskin data for an FD60 at 3,000 fpm)
Assumed fan efficiency = 80%
Assumed motor efficiency = 85%
Fan horse power = 2.43hp.
Kw = 1.81
Operating hours per year = 2,600
Annual kWh savings potential = 4,714 kWh per year
Assumed electrical cost = $0.07_5_9___ __$/kWh

Annual savings potential for AHUQE $354 péﬁfy‘;ear

LOUVERS AND DAMPERS




The Simple Payback at Design

Damper area = 15.82  sq.ft.
Conventional blade cost per square foot = $88

Airfoil blade cost per square foo’r = _$104

L
Cost difference for this damper : 14 $257 -

—1. _-_

Simple payback # f 07-3 yea?'g N

The payback decays rapidly if the change is not
made until after the damper is purchased or
installed!

LOUVERS AND DAMPERS




Thinking Outside the Box to Capture
Savings

S~ Tl I\
NFPA required AHU
smoke isolation
damper (typical all
systems orlglnally)

A3-08

Combination Fire and
Smoke Damper at
Shaft Wall (typical of all
systems)
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Operating Cost Savings

Horse power = (Flow in cfm) x (Fan static pressure in in.w.c.)/(Coversion
constant x Fan efficiency x Motor efficiency)

Flow rate = 46,687 cfm
Static pressure eliminated = 0.18in.w.c. (Ruskin data for an FD60 at 3,000 fpm)
Assumed fan efficiency = 80%
Assumed motor efficiency = 85%
Fan horse power = 1.89 hp.
Kw = 1.41
Operating hours per year = 2,600
Annual kWh savings potential = 3,666 kWh per year
Assumed electrical cost = $0. 0750 $/} kWh
Annual savings potential for AHUQ $275 per‘ y;ear
For 16 air handling unm{- $4 40()_er-=year

LOUVERS AND DAMPERS




First Cost Savings

Supply damper area =

Damper first cost =

Supply damper savings
Return damper savings

Total savings

1582  sq.ft.

$104 $/sq.ft.

One Unit All Units
$1,642 $26,266
$3.283 - $52,532
$4,925 C_$78798 )

« This does not include the installation costs and wiring, so the actual
savings could easily be twice this much!

LOUVERS AND DAMPERS




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

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

LOUVERS AND DAMPERS




Early Discovery = Better

Discover a problem during installation
« May take money to correct
— Reconfigure
— Design issue vs. contractor issue
« Capture operational savings
» Loose first cost savings

LOUVERS AND DAMPERS



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

LOUVERS AND DAMPERS




