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Ceiling fans can provide energy savings in high ceilinged buildings where
warm air accunulates and causes excess heat loss through the upper parts
of the building envelope. It is not possible to pred ict with certa inty
when and to what extent this phenomena will occur. In general though ,
thermal stratification of the air in buildings can occur in high
ceilinged structures (over 15’) where the heating system is not combined
with an air distribution system to promote vertical mixing of the air.
It is prevalent in ~~rehouses and maintenance shops where unit heaters
are located at the ceiling level aad discha rge to the side rather than
down . It also appears where radiators are used to heat high ceilinged
structures.

In order to predict the savings from the destratification of a particular
structure, it is necessary to measure the floor to ceiling temperature
distribution during a heating period. %*~en this is known, an assimiption
can be made to describe the thermal profile after installation of fans
and a savings estimate can be made f rom standard heat transfer
calculatiorm . The following example will serve as a guide to maki ng
these calculations:

Assune a maintenance shop 250 ’ by 150’ with a 25’ ceiling . The
temperature distribution is measured as fo1lo~~:

Floor level — 69°F

5’ — 7 2 °F

10’ — 79°F

l5’ — 8 6 °F

- 87°! ___________

25’ — 87°! Tf~ W~A&~I
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It can be ieen that th. area above the worker level is being
unnecessarily heated . Assune that through the use of ceiling fans, this
heat can be redistributed down~~rd and that the temperature distribution
could be altered to be:

Floor level — 69°!

5’ — 7 2 ~F

l0’ — 7 3 °F

15’ — 7 5 ~F

z~
I — 7 S°1

25’ -7 6°F

These are typical examples of before and after fan temperature
distributions. Now, the difference in heat transfer through the upper
parts of the structure can be calculated .

The roof on the stop is 1’ of wood with 2’ of insulation with bitisnen
roofing on top. We calculate the heat transmission coefficient of the
roof as follo~~: ( see ASHRAE handbooks)

LAY~~~ R VALUE rr2 ~ Opi

Inside Air 0.61

Wood 0.93

Insulation 5~56

Bitisnen 0.33

~~tside Air 0.17

Ibtal 7.60

Roof U valu .— I/R.0.13 Bill

rr2 + °r

2
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f Th. walls of the structur, are 8’ concrete block

LAYIi~ *1 VALUE Op
SW

-

, 

. Insids Air Lay.r 0.68
- 8’ Block 1.72p Outside Air Layer 0.17

2.57

Wall U Value — 
1 

• 0.39 —
2.57

T h r e  is a row of windows around the shop. mey ar• 6’ tall and reachfrom the 14’ level to the 20’ level (no storms).
The effective U val ue of single pane windows (metal sath , 80% glass) is

1.00 
_ _ _ _ _ _

1I~ PT~~ 
O~

Air infiltration through the windows is calculated as follows:I Assune an outside wind~~sed (winter) of 10 mph. Theoretica l pressuredrop across the windows Is given by:

I — 0.000482 V
~

2

where
I ~~ 

— velocity head, inches of *120I -, wind velocity, mph
I so
I ~%l .O48 inch.s of y
I Effective pressure diffsr.nc.s r.quir.s a factor of 0.64 to accoimt for

L 

build ..ç of pressure inside a building, so:

P — 0.64 (.048) — 0.031 inches of 020
- 3
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In f i l t ration can be determined f ran the following function~
1 for these

giv~n types of windows:

( 1) Loose f i t  w/o weather strip

(25 ) Averaqe fit w/o weather strip

(2b ) Loose f i t  with weather strip

( 3 )  Averaqe f i t  wi th weather st r ip

In f i l t r at ion  Functions :

( 1) 1 — 4 0+ 370 P

(2) I— 14+1 32 .S P

(3) I— 7 + 7 0 p

where I — Cubic Feet per Hour ( CFH ) per foot of crack

The val ue is then reduced by half to account for exiting air.

So in this example (assuning average f i t )  . -

P — .031

I 14 + 132.5 (.031) CFH per foot of crack

1 — 1 8 Ft of crack

The windows are I eq ft  panes so we have 10,400 ft of crack or

I — 1 8 7 ,200 CFH

The amount is dIvided in half to account for exiting air so:

I —  93,600 CFH

1Ret rofi tting ~cia t ing Housing for Energy ~~naervatton :
An Economic Analy sis - I.E Department of Coemerce aid Federal
Energy Pdninistratio n, Dec 1974
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We are now in a position to calculate the difference in heat mn ~;s for
the two different temperature distributions.

The temperature difference across the roof has been reduced by 11°F so
• the difference in heat transfer through the roof is:

Q • UA~~~ T —  0.13 x 150 x 250 x 11

— 53 ,625 B’1U/W~
For the section of wal l from 10’ to 14’ (we will ignore the area ~elow
this for conservatism) we hav, reduced the temperature by atout 8 F,
so,

Q • U A A T  — (0.39 ) (3200 ft sq) (8)

- 9,984 B1U/W4

For the windo ws (14’ to 21)’) an 110! drop, so

Q — (IA T — (1.00) (4800) (11) — 52,800 B’l’U/}f~
For the wall section above the windows:

Q — (IA A T — (0.29) (4000) (11)

— 17,160 B’iV/1~
The difference in heat loss f ran air Infiltration is calculat ed as
follows:

mu x~~~t 4 x~~~~T0 0.018

a (0.018) x (93, 600 cPH) x (11)

— 18,533 B’flh/)P

So our total change in heat loss due to th. operation of the fans will
be:

— 152 ,102 BiU/1~

5
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The annual BflJ savings cart now be found by multiplying this figure by
the nueeber of heating hours per year (assuee 2000 for this example) .

*ilJ Savings 
— 

152,102 x 2000 300 PB’IU

YR io6 YR

If the buildi ng is heated by oil at $.50/gal , aid the furnace is 75%
efficient , the cost per P~TU is:

$ 
— 

.5 $4.80____ - (.75) ( . 1387) a

So the yearly dollar savings due to reduce fuel conss.xnption is:

Ann ua l saving s a 300 x 4.80 — $1,440.00

A typical 52’ fan will destratify about 2500 ft2 of area in a build ing
with a 25’ ceiling. Thus , our example buildi ng would require 15 fans .
Typ ical ~~wer cons~snpt ion of a fan is 250 watts so 15 fans would use
3.75 kw. For a 2000 hr. heati ng season , this means a consunpt ion of
7500 I~ H. At $.04/1~iH , this yields an annual cost of $300. Thus, the
net annual savings are : - 

—

$1,440 — $300 — $1,140

The install ed cost of fans is typically $150 per fan . So for th is
example , the total cost is $2,250.

This yields a simple payback time of

$2,250 — 1.97 years
$1,130[HR

It can be seen from this example that a rapid peyback can be achieved
by the a~~lication of fare where severe thermal stratification exists .

There are severa t points that should be considered when placi ng fans .
They should not be located over an area where personnel are working
permanently as the drafts can be tro t.tlesome. If the fans will be nea r
such an area, it is adv isable to equip them with a speed control that
can be accessed from the floor level • These are usually ava ilable from
the fan manufactu rer . If heat producing equipnent is present , it is
beneficial to locate a fan directly over it to help recycle that heat.

6
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There are other devices availabl e to control the rma l st ratifi ~~on.
One of these is a small fan mounted In a 6’ to 12 duct wh ich . reets
the air  to the f loor level . Research at the Nationa l Bureau o~ Standards
has indicated that these are not as effective as ordinary ceili ng fans.
They may however , be more architecturally acceptable in off ice~churches, or other more finished buildings. Inclosad fans (appearing
similar to unit heaters) are also available. These may be useful for
safety purposes if personnel are f requently in the ceiling area . These
units are more expensive and theref ore have longer payback perio~..:.

The standard type of fare are also available in decorator designs with
choices of colors, patterns and fan—light ccr~ inations . These are al so

• more costly, however, they may be acceptable in some app lications where
uti l i ty type fans are not .
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Presidio of San Frarcisa, LEA ~~~r Diet , Baltinore
PresidLo of San Francie~~, CA 94129 ATITh thief , Engr Div

P.O. Box 1715
Facility &~gineer Baltisore, MD 21203
FOrt Sheridan
Fort Sheridan, IL 60037 LEA Engr Diet , tharleston

ATrN: thief , Engr DivFacility E~~ineer P.O. Box 919
}blstcn Army Anrurtition Plant tharleston, SC 29402
Jcingsport, TN 37662

LEA Engr Diet , DetroitFacili ty D~~ineer P.O. Box 1027
• Ba1tin~re Outpit Detroit, MI 48231

Baltinore, MD 21222
LEA ~~~r Diet, Kansas CityFacility Engineer ATI’N: thief , Engr DivBayonne Military Ocean T~erminaj 700 Federal Office BldgBayonne, NJ 07002 601 E. 12th St
Kansas City, MD 64106Facili ty Engineer

Bay Area Military Ocean Thrmirel LEA Engr Diet , Caiah aOakland, CA. 94626 ATITh thief , Engr Div
7410 USOP and ~~urt1cuseFacility Engineer 215 N. 17th StQaif (Xatpat C*eM, ~* 68102

~~w Orleans, LA 70146
LEA Engr Diet , Fort brthFacility Engineer ATrN: thief, SW~~ -DFOrt Huachi.x~a P0. Box 17300

Fort I3~achtca, AZ 86513 For t ~brth, TX 76102
Facility &gineer LEA Engr Diet, Sacr~nentoletterkenny Ari~’ Depot M’l’N: thief , SP~~~-Dth~rbersburg, PA 17201 650 Capitol Mall

Saor~nento, CA 95814Facility Engineer
Michigan Army Missile Plant LEA Engr Diet, Far FastWarren, ?C 48089 AT1Th thief, Engr Div

APO San Francisco, CA 96301CU~ E.C. Lussier
Fitzalmcte Army Nud Canter
A~ Th ~~~CFEDenver , ~ ) 80240
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USA Engr Diet , Japan LEA Engr Div, Ohio River
APO San Francieco, CA 96343 M’TN: thief , Engr Div

P.O . Box 1159
LEA Engr Div, ~axope Cincinnati, Ohio 45201
Daropean Div1 O rps of ~~~ineers
APO New York , NY 09757 tEA Engr Div , North Central

ATI’N: thief , Engr Div
LEA Engr Div1 North Atlantic 536 S. Clark St.
ATITh thief , !~ Dn~-’r Chicago, IL 60605
90 Church St
New York, NY 10007 LEA Engr Div, Southwestern

ATIN: thief, S~~ D-ThUSA Engr Div, South Atlantic Main ‘fl~ er Bldg, 1200 Main St
ATIN: Chief , SAfl~-TE De1]as, TX 75202
510 Title Bldg
30 Pryor St. SW LISA ~~~r Diet, Savannah
Atlanta, GA 30303 ATI’N: thief , SASPIS-L

P.O. Box 889
USA Engr Dist, Mcbile Savannah , GA 31402
M’lTh thief , SA~~~-CP.O. Box 2288 OiT~nder
~bbi le, Al 36601 US Army Facili ties Engii~~ rir~Support Agency
LEA Engr Diet , Louisville Su~çort Detathu~~t IIATTN: thief, ~~ r Div Fort GlUes, GA 30050
P.O. Box 59

• Louisville, XI 40201 Qzanand er
US Army Facilities Engii~~ring(ISA Engr Div1 Norfolk Support Agency

M’lTh thief , !~~~~-D ATITh MM Brisbine
803 Front Street Support Detaclinent III

• Norfolk, VA 23510 P.O. Box 6550
Fort Bliss, Texas 70015

USA Engr Div, Missouri River
ATI’N: thief , E~ 3r Div ~~~ICP.O. Box 103 D~wntown Station US Mu~r Facilities Engineering
Qnaha, NE 68101 Support Agency

Support Detath nent III
LEA Engr Div, South Pacific ATI’N: FESA-III-SI
M ’ITh thief, SP~~ -’rG P.O. Box 3031
630 Sanscie St, 1~n 1216 FOrt Sill , Oklainna 73503
San Francisco, CA 94U1

LEA Engr Div, Huntsville US Army Facilities Engineering
M’lTh Chief , ~~D~~41E Support Agency
P.O. Box 1600 West Station Su~~~rt Detac)inent III
Huntsville, AL 35807 ATN: FE SA—II I—PR

P.O . Box 29704
Presidio of Sar i Fra ncisco, CA 94129
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~~)ICUS AXTI~
, Facilities Engineering (IS Army Facilities Engineer ir~

~çç~rt Agency Su~çort Agency
M’lTh flSA-III-CA Support Oatad~ent II

• Boat locator M’IN: F~~A II~JAFort ~~rion, Q lora~b 80913 Fort Jackson, South Cerolina 29207

• ~~ inazderJ~Pr Ryan - 

~ZX)IC
(IS Army Facilities Engineering (IS kuW Facilities Engineering

3.ipport Agency Support Agency
&çport Detachnent IV Support Detac}inent II
P.O. Box 300 P.O. Box 2207
POrt tbntouth, New Jersey 07703 FOrt Benning, Gsorgia 31905

~~ )IC
US Army Faciliti es Engineeri ng US At~~’ Facilities Engineering

Support Agency Support Agency
ATI’N: FESA—IV-MU Su~ x)rt Detaciment II
P.O. Box 300 M’fl4: FESA-II-KN
FOrt 1~bri~ *ith , New Jersey 07703 Fort Enox, Kentucky 40121
I~ZDIC (S Army Facilities EngineeringUS Army Facilities ~~~ineering Support AgencySupport Agency FE Support Detaclinent ISupport Detaclinent 1V APO New York 09081A1’lTh FFSA-IV-ST
Stewart Army Subçost
Newburgh, New hrk 12250
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