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NEW CONCEPT IN LOUVER BLADE DESIGN REDUCES ENERGY LOSSES
Peggy Kitchen and R. David Moore
The Moore Company
Marceline, Missouri

Abstract
A new louver blade design, developed through extensive wind tunnel
tests, employs an airfoil shape with excellent aerodynamic charac
teristics. Stressed-skin construction adds strength and rigidity
permitting the use of longer blades and the elimination of unneces
sary frame sections. Lever arms and linkage rods are placed out
of the airstream, further reducing resistance to airflow. Louvers
and dampers employing this design will have a pressure drop of
from 1/4 to 1/10 that of units of traditional design.

1.0
1.1

DEFINITIONS

Louver

Usually the term "louver" refers to an array
of blades, assembled within a frame, whose
primary purpose is to permit the passage of
air while inhibiting the entrance of other
elements such as rain, sun, snow, etc. They
are typically installed in an exterior build
ing wall. Blades may be stationary or mov
able. Blade angle may be manually adjusted
°r adjusted automatically by actuators con
trolled by a variety of sensing devices,
i•2 Damper
The term "damper” usually refers to a simi
lar device with movable blades whose primary
Purpose is to control the volume of airflow.
DamPers are usually installed in ducts, ple
nums or interior openings, handling air at
higher velocities than customary for lou
vers. Blade angle is typically adjusted
automatically in response to a temperature
sensing device.

There is no clear-out division between che
two terms. Dampers used in heat exchangers,
for example, are invariably referred to as
"louvers" even though their primary purpose
is to control airflow. We will use the term
"louver" here to refer to either a louver or
a damper.
2.0

INTRODUCTION

A louver or damper, like any other resistance
in an airstream, produces a drop in static
pressure between the upstream and downstream
sides of the device. This "pressure drop",
usually measured in Inches of Water Gauge,
(In. w.g.), is determined by the shape of
the louver/damper blades and the amount of
free area through the unit. The energy re
quired to force air through a louver or dam
per increases in direct proportion to this
pressure drop across the unit.
An unnecessarily high amount of energy is
wasted by conventional louvers and dampers
in industrial and commercial air movement
systems. This waste has been tolerated
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because it has not been possible to produce
an aerodynamically designed blade using tra
ditional methods at a competitive price, the
energy savings not being great enough to jus
tify the cost.
As a manufacturer of large fans (up to 32 ft.
in diameter) The Moore Company has had near
ly 40 years of experience in air movement
engineering. Acutely aware of the importance
of minimizing energy requirements in air
movement systems, the Company believed that
the unnecessarily high amount of energy
wasted by conventional louvers and dampers
could be significantly reduced by a new
louver design having excellent aerodynamic
properties.

At 1000 feet per minute, the annual energy
costs using conventional units on the market
today typically range from $1.50 per square
foot for relatively smooth-blade units in
stalled in ducts to as much as $92.44 per
square foot for a rain louver installed in a
wall.
(See Fig. XII.) Employment of the
new louver blade design discussed here can
reduce these costs to from $.33 per square
foot to $11.34 per square foot in these types
of service.
3.0
3.1

LOUVER DESIGN

Design Criteria

Design criteria included not only those fea
tures required for low energy usage but low
cost as well for a short pay-off time in
saved energy costs.
Criteria were as fol
lows :

3.2

(1)

Blade design for aerodynamic effi
ciency ,

(2)
(3)
(4)

High flexural and torsional rigidity,
Low material usage,
Elimination of control mechanisms in
the airstream.

Overall Design

To produce a blade of the shape required,
using conventional fabricating or extruding
methods, would have resulted in increased
labor or material requirements and prohibi
tive costs. To solve this problem the Com
pany designed and developed automated roll
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forming production equip
ment that produces a hol
low aluminum stressedskin blade with an inter
nal corrugated aluminum
stiffener that is not
only the shape required
for high aerodynamic
efficiency, but has su
perior strength and rigid
ity as well. To complete
the design for efficiency,
no protruding lever arms
or linkage rods were used.
Thick, welded-in blade
ends form the lever arms
which are attached by a
bearing system to a con
trol rod recessed into the
frame. The cross-sectional
view Figure I illustrates
an array of louver blades
installed in a frame. Un
shaded areas represent the
blades in closed position.
Figure II is an isometric
of a 4 ’ x 4' unit. Blade
rigidity enables the use of blades up to 12
feet long in most applications.
(The over
all size of a louver is unlimited, as multi
ple sections may be combined to produce any
size desired.)

4.0

AERODYNAMIC BLADE DESIGN

4.1 Basic Blade Design
A thick, symmetrical airfoil shape was chosen.
The blade has a maximum width of two inches
and measures eight inches from the leading
to the trailing edges. This eight inch
depth permits fewer blades and greater unob
structed area when in full open position.
The two inch blade thickness was necessary to
provide the strength and rigidity desired
even though it was believed greater than the
optimum for best airflow, especially at low
velocities.

A cross-section of the wind tunnel was di
vided into 25 equal areas and a reading at
the center of each area recorded. From these
readings the average velocity pressure was
calculated. Readings were taken upstream
from the louver.
(Later on in our experi
ments we installed a "rake" in the tunnel
consisting of 25 pitot tubes joined by a
common tube to the manometer, thereby en
abling us to read the average velocity pres
sure directly.)
The velocity is determined by measuring the
velocity pressure and calculating the velo
city :
V = 4005

4.2 Wind Tunnel Tests
A prototype louver was produced, as illu
strated in Fig. II, and installed in a 4'x 4'
wind tunnel with the inside of the frame
flush with the inside of the tunnel. Static
pressure taps were installed on all four
sides of the tunnel one foot upstream from
the louver and connected by a common line to
the high pressure side of a Baratron mano
meter. Similar taps placed one foot down
stream from the louver were attached to the
low pressure side of the manometer. A digi
tal readout connected to the manometer indi
cated the difference between the upstream
and downstream static pressures— that is, the
pressure drop.
(A duct correction was made
for the pressure drop in the empty tunnel.)
To measure the velocity pressure, a pitotstatic tube was employed. This instrument
consists of two concentric tubes. The inner
tube has an opening that is pointed directly
into the airstream. The pressure that builds
UP in the inner tube is, therefore, the total
pre8sure--that is, the sum of the velocity
and static pressures. The outer tube has
openings at right angles to the airstream and
the pressure built up in this tube is the
static pressure— the pressure the air would
have if there were no gross motion. The
inner tube is connected to the high pressure
side of the manometer and the outer tube to
the low pressure side and the difference be
tween them represents the velocity pressure
of the airstream.
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/velocity Pressure
V
Density Ratio

Where:

Velocity is in Feet Per Minute
Velocity pressure is in Inches w.g.
Density Ratio is the ratio of the
density of air being handled to
that of "standard air", (.075
Lbs/cubic feet).
The prototype louver was tested at velocities
ranging from 1000 feet per minute to 5000
feet per minute. To compare performance at
various velocities, a graph was made of the
ratio of the static pressure drop to the ve
locity pressure vs. velocity. Above 4000
feet per minute the static pressure drop was
only 6.5% of the velocity pressure but this
ratio increased as velocities were reduced
until, at 1000 FPM, the ratio was 18%. Al
though this was a much lower pressure drop
than experienced with traditional blade de
signs, we determined to find out why effi
ciency decreased with velocity and develop
a means of improving efficiency at low ve
locities .
4.3 Development of Trips
To visualize the airflow pattern around the
blades, tufts of y a m were placed near the
blade surfaces. It was discovered that lami
nar flow was separating from the after por
tion of the blade resulting in a wide area
of turbulence. This effect was overcome by
recalling work done in the early 1900's by
L. Prandtl, a pioneer in aerodynamics.^
By "tripping" the air ahead of the point of
separation, a very thin layer of turbulence

can be produced along the blade which, by en
training higher velocity air, energizes the
boundary layer sufficiently to prevent separ
ation of the airstream from the after-portion
of the blade. ( 2 )

FIGURE
III

Figure III is a stylized illustration of air
flow over a smooth blade. The large area of
turbulence represents wasted energy. Figure
IV illustrates the effect of tripping the
boundary layer to prevent flow separation.
(The thickness of the boundary layer is ex
aggerated. )

FIGURE
IV

The first trips tried consisted of thin wires
taped to the blade surface near the leading
edge. When it was determined that such trips
improved performance, tests were done to de

4.4

The effect of various blade shapes is shown
in Figure VI, on the following page. Blades
illustrated here are typical of louvers and
dampers whose primary function is to modulate
the airflow. Blades A and B are widely used
in heat exchanger applications.
(Units A and
B were tested by the writers in a manner iden
tical to the Moore louver. Performance for
Unit C was taken from the manufacturers pub
lished pressure drop chart.)

termine the exact position and shape required
for the trips, and a means by which they could
ba produced as a integral part of the blade.
To investigate this, a pitot-static tube was
mounted on a vernier scale in such a way that
the velocity pressure could be scanned at
1/10 inch increments back and forth across
the trailing edge of the blades. Figure V
illustrates typical results of such scans
with and without trips. Velocity pressure
readings were taken 1" downstream from the
trailing edge of the blades.
(Symbol Pv .)
(Symbol PV q represents velocity pressure up
stream from the louver.)
1.4The final design for the
.
1.2
trips consists of .068"
high ridges embossed along
1.0
the length of both blade
surfaces, 1.82" from the
.8
leading edge. When in
stalled in a duct, the sta
tic pressure drop across
a? .6
a louver assembly of such
> .4
design is only 6.5% of the
velocity pressure in the
duct at all velocities
tested (from 400 to 5000
.5
feet per minute) . For com
parison, typical louvers
-.2
generally run 26% to 55%
of the velocity pressure.
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FIGURE VI

Figure IX illustrates the effect of various
blade shapes typical of rain or storm lou
vers. Data for units J, K and L were taken
from the manufacturer's published pressure
drop charts. The Moore unit was tested in
a wall in a test configuration built to du
plicate that used by AMCA, Test Fig. 5.5.^^
FIGURE IX
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Air

5.0

ADAPTATION OF BLADE DESIGN
FOR STORM LOUVERS
During the process of development, it became
apparent that the hollow blade allowed an
entirely novel approach to rain or storm
louvers, which have always had a very high
pressure drop, typically greater than 700% of
the face velocity pressure. Two rows of
closely spaced chevron-shaped slots (Fig. VII)
were punched near the leading and trailing
edges of the upper blade surface. The down
ward pointing tips of the slots draw water
into the interior of the hollow blades as
illustrated in the cutaway view, Fig. VIII.
Openings in the blade ends discharge water
into gutters, integral with the frame, to be
channelled to the exterior of the building
wall below the louver. By this means, rain
penetration is minimized while retaining good
aerodynamic efficiency. A storm louver of
this design will waste from 1/4 to 1/10 the
energy that traditional units waste.
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The units in Figure IX were mounted in a wall,
rather than a duct, when tested, and it should
be noted that the louver is charged with the
static pressure drop necessary to accelerate
the air to the face velocity.
It is stan
dard industry practice to include this pres
sure drop with that of the louver even though
it is due to no inefficiency of the louver.
6.0

BLADE RIGIDITY AND STRENGTH

The roll-forming process significantly re
duces the material usage that would be re
quired to extrude a hollow blade of the air
foil shape required. In addition, the re
sulting stressed-skin construction produces
a blade with increased bending resistance
and torsional rigidity.
An .081" thick extruded single-thickness
blade, of a design widely used by louver
manufacturers, was tested along with the
Moore blade under identical conditions.
In
the first test, the blades were tested as
fixed beams under uniform loads of from one
to 200 Lbs/ft^ and deflection at center mea
sured. From this data, the angle between the
centerline of the blade under load and the
centerline without load was calculated. (This
is also the angle at which the bearing shaft
will be cocked within the bearing, effecting

proper operation and life expectancy.)
The
results of this test are shown in Fig. X.
B E N D IN G

A NG LE
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the frame out of the airstream, further re
ducing air resistance.

LOAD

7.0
7.1

ENERGY CALCULATIONS

Equations

The horsepower required to force air through
a unit (of any manufacture) can be calculated
from the following equation:
(Eq. 1)
Hp _ (ACFM) x (Pressure Drop) x 5.18
33.000 x Efficiency
BENDING ANGLE AT BLADE END

Where:

ACFM is the air volume in Actual
Cubic Feet per Minute
5.18 converts In. w.g. to lbs/sq. ft.
33,000 converts ft-lb/min to HP
Efficiency is that of the fan-motor
combination in converting elec
trical energy to the kinetic ener
gy of the airstream expressed as
a decimal (100% = 1.00).
A NG LE

OF D E F L E C T IO N

FIGURE X
To test for torsional deflection, one end of
the blade was rigidly locked into position
and a torque wrench applied at the other end.
The angle of deflection was measured at tor
ques up to 100 ft lbs for the single thick
ness blade and up to 200 ft lbs for the Moore
blade and the degrees deflection per foot of
blade length recorded. Torsional deflection
was then calculated for blades of various
lengths as shown in Figure XI.
Increased blade rigidity makes longer blade
lengths permissible, in many cases elimi
nating unnecessary side frames, thereby in
creasing the free area through the unit with
a resulting reduction in pressure drop.
Blade linkages may be attached at the ends of
blades rather than at the center so that
linkages and control rods may be recessed in
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FIGURE XI

VS

TO R Q U E

The annual energy cost can be calculated as

foot of face area. Assuming the conditions
set out for Eq. 3, this can be done as
follows:
Annual Cost

f0ll0WS:
(Eq. 2)
$/Year=HP x .746 x time operated x power rate
Where: HP is the horsepower calculated in
Eq. 1,
.746 converts horsepower to kilowatts.
Time operated is in hours per year.
Power rate is in dollars per kilowatthour .

per sq.ft.=.082(Face Velocity)(Pressure Drop)
of face area
Where: Face Velocity is in feet per minute
Pressure Drop is in Inches w.g.
This equation was that used in costs given
in Fig. XII and assumes the conditions set
out for Eq. 3.

Assuming 50% efficiency for the fan-motor com
bination in converting electrical energy to
the kinetic energy of the airstream, conti
nual operation (8,760 hours per year) and a
power rate of $.04 per kilowatt-hour, the
annual cost can be calculated as follows:
(Eq. 3)
$/Year=.082 x ACFM x(Pressure Drop in In.w.g.)

7.2

Not mentioned above is the possibility of
substantial savings in the cost of the fan
drive. When a lower horsepower requirement
permits the use of a motor of smaller frame
size, or when belt drive rather than gear
drive can be employed, the cost of the sys
tem may be reduced.

Note that operating costs are directly pro
portional to the pressure drop which, in turn,
depends upon the aerodynamic efficiency of
the unit (i.e. the blade design) and upon the
velocity through the unit. Energy savings
with Moore units are the result of lower pres
sure drop due to two factors:
(1) Higher ef
ficiency due to superior blade design, and
(2) Lower velocities due to a higher propor
tion of free area.
7-2

ADDITIONAL SAVINGS

In some industries particularly sensitive
to energy requirements, competing bids for
equipment are penalized for a horsepower
requirement above the minimum, often at a
rate of several thousands of dollars per
horsepower.

Comparing Energy Costs

For the purpose of comparing the annual ener9y cost for various brands it is most conve
nient to do so in terms of dollars per square

ANNUAL ENERGY C 0 8 T PER SQUARE FOOT OF FACE AREA
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FIGURE XII
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$ 1 1 .3 4

9. 1

FIGURE XIII
ESTIMATING ENERGY SAVINGS
The energy equations on the preceding page may
be used with the performance chart below to estimate
energy savings in a given application.

PERFORMANCE CHART
A
S t o r m L o u v e r w i t h Extended F r a m e
s t a l le d in W a l l - E n t r a n c e to R o o m
( P s / P v = ?. 23)*

In 

B

PRESSURE DROP IN INCHES W. 0.

L o u v e r with S ta n d a rd F r a m e I n s t a l l e d in
W a ll - E n tra n c e to R o o m
( P s / P v = 1 .8 6 ) *
-O R S t o r m L o u v e r w it h Extended F r a m e I n 
s t a l l e d in W a l l - E n t r a n c e to D u ct
( P s / P v = 1 .8 4 )*

c

L o u v e r w ith E x te n d e d F r a m e I n s t a l l e d in
W a l l - E n t ra n c e to R o o m
( P s / P v = 1 . 7 5 )*

D
L o u v e r w ith S ta n d a rd F r a m e I n s t a l l e d in
W a l l - E n t ra n c e to Duct
( P s / P v = 1 .3 3 )*
-O R 4 ' x 4' O p en in g in W a l l , E n tra n c e to Duct
( P s / P v = 1 .3 3 )*

E
L o u v e r / D a m p e r w i t h Both E n t r a n c e and
E x i t Duct ( P s / P v = . 0 65)*
I h e r a t i o o f the p r e s s u r e d r o p to th e v e l o c i t y p r e s s u r e ( P s / P v ) is a c o n v e n i e n t in dex
f o r c o m p a r i n g the e f f i c i e n c y o f v a r io u s
u n its.
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8.0

APPLICATION EXAMPLES
Example I
A certain 200' x 200' industrial building re
quires 2CFM per square foot intake air. At
a face velocity of 600 feet per minute, re
quirements of the system with traditional
storm louvers (Brand J, 30°) and with Moore
storm louvers is as follows:

Example III
Each of a number of two-fan heat exchanger
units in an internal recirculation system
handles 400,000 CFM. Costs shown are based
on $.04 per kilowatt-hour. Time operated
has been estimated for a climate typical of
the northern tier of states in the U.S.A.
Traditional
Moore
Intake Louvers
4Ps/Pv=l.82
A Ps/Pv=l.44
Traditional
Moore
187 sq ft
187 sq ft
Airflow
80,000 CFM
80,000
CFM Louver Area
Velocity
2,139 ft/min
2,139 ft/min
Louver Area
133.3 sq ft
133.3 sq ft
Pressure
Drop
0.517
In.w.g.
0.409
In.w.g.
Pressure Drop
0.203 In.w.g. 0.050 In.w.g.
HP@60% El/Air Eff.
54.1 HP
42.8 HP
HP@50% Elec/Air Eff.
5.12 HP
1.26 HP
Time
Opei/Full
Open
5256
Hr/Yr
5,256
Hr/Yr
Time Operated
8,760 Hr/Yr
8,760 Hr/Yr
Annual
Energy
Cost
$8,484.99
$6,712.71
$327.92
Annual Oper Cost
$1,311.35
By-Pass Louvers
Example II
dPs/Pv=,417
dPs/Pv=.065
A high-rise building carries air through a
Louver Area
150 ft2
150 ft2
4' x 4' duct at a velocity of 3,400 feet per
Velocity
1,500 ft/min 1,500 ft/min
minute. A by-pass damper in the duct oper
Pressure Drop
0.058 In.w.g. 0.009 In.w.g.
ates full open approximately 60% of the time.
HP@60% El/Air Eff.
3.41 HP
0.53 HP
The situation with a typical damper and a
Time Opei/Full Open 4,380 Hr/Yr
4,380 Hr/Yr
Moore damper are outlined below:
Annual Energy Cost
$445.68
$69.24
Traditional
Moore
Exhaust Louvers
Airflow
54,400 CFM
54,400 CFM
APs/Pv=0.417
APs/Pv=.065
Damper Area
16 sq ft
16 sq ft
Louver Area
485 sq ft
485 sq ft
Pressure Drop
0.333 In.w.g. 0.047 In.w.g.
Velocity
825 ft/min
825 ft/min
Pressure Drop
HP@60% Eff.
4.75 HP
0.67 HP
.018 In.w.g. 0.003 In.w.g.
Time Operated
5,256 Hr/Yr
5,256 Hr/Yr
HP@60% El/Air Eff
1.88 HP
0.31 HP
Annual Energy Cost
$744.99
$105.08
Time Opei/Full Open 4,380 Hr/Yr
4,380 Hr/Yr
Annual Energy Cost
$245.71
$40.52
It is believed that this new louver design
Total Energy Cost:
$9,176.38
$6,822.47
will be readily accepted since the energy
(Any combination of the above may be possible.)
savings will equal the cost of the louver
pulsion. He is the holder of five patents in
within from three months to three years,
heat pipe and electrods technology with other
depending on the type service involved.
patents pending. He is the President of The
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