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ABSTRACT 

Airspeed t e s t s  o f  a commerci a1 1 y popular  52 
i n .  c e i l i n g  fan  opera t ing  a t  a low speed o f  155 fpm 
prov ided s u f f i c i e n t  a i rspeed f o r  $omfort t o  82F i n  
an average f l o o r  area o f  97.2 ft. beneath t h e  fan.  
When opera t ing  a t  maximum s eed, t h e  average f l o o r  B area increased t o  151.0 ft. . At  85F, t h e  average 
f l o o r  areas f o r  t h e  low speed and maximum speed 
t e s t s  were 31.8 ft.2 and 55.6 ft.2 r e s p e c t i v e l y .  
The maximum on-center  spacing recommended f o r  t h e  
t e s t e d  c e i l i n g  f a n  mounted a t  8.5 ft. above t h e  
f l o o r ,  opera t ing  a t  maximum speed, and p r o v i d i n g  
comfort a t  a room temperature o f  82F i s  14 ft.; and 
a t  a temperature o f  85F, i t  i s  9 ft. Future c e i l -  
i n g  fans should be designed t o  c rea te  a bo th  a 
1 arger  main a i r  plume and a 1 arger  comfor t  zone. 

The c e i l i n g  f a n  prov ided r e l a t i v e l y  h i g h  a i r -  
speeds throughout t h e  l a r g e s t  f l o o r  area i n  t h e  
zone from the  f l o o r  t o  t h e  24 i n .  he igh t .  Since 
c e i l i n g  fans c rea te  h igher  airspeeds near t h e  
f l o o r ,  they should be used c a u t i o u s l y  when rooms 
are comfor tab ly  cond i t i oned  d u r i n g  a1 1 seasons and 
have c h i l d r e n  p l a y i n g  i n  t h e  room o r  a d u l t s  s i t t i n g  
on the  f l o o r  o f  t h e  room. 

INTRODUCTION 

This  study measured the  airspeeds o f  a c e i l -  
i n g  fan  and analyzed human comfor t  cond i t i ons  
w i t h i n  a small  room. The purpose was t o  determine 
the  f l o o r  area o f  the  room which was d i r e c t l y  be- 
neath t h e  fan  where people would be comfor tab le a t  
two warm room temperatures. I n  add i t i on ,  c e i l i n g  
fan  spacing was recommended. 

DEFINITION 

E f f e c t i v e  Temperature (ET* CT*) . E f f e c t i v e  
temperature i s  t h e  un i fo rm temperature o f  a r a d i -  
a n t l y  b lack  enclosure a t  50% r e l a t i v e  humid i ty ,  i n  
which an occupant would experience the  same com- 
f o r t ,  p h y s i o l o g i c a l  s t r a i n  and heat  exchange as 
t h e  ac tua l  environment w i t h  t h e  same a i r  motion. in 

DESCRIPTION OF CLASSROOM & EQUIPMENT 

The classroom used f o r  t h e  a i rspeed t e s t s  was 
t h e  east  room o f  the  Eng l i sh  Annex on t h e  main cam 
pus o f  Texas A&M U n i v e r s i t y .  The classroom (Fig.1) 
was 15 ft. by 18 ft., and t h e  c e i l i n g  was 11.75 ft. 
i n  he igh t .  

The c e i l i n g  fan  airspeeds were measured w i t h  
a l i n e a r  a i r  f l o w  meter and w i t h  a n o n d i r e c t i o n a l  
a i rspeed probe. The n o n d i r e c t i o n a l  a i rspeed probe 
was c a l i b r a t e d  by the  probe manufacturer s i x t y  days 
p r i o r  t o  t h e  a i rspeed t e s t s .  The c e i l i n g  f a n  was a 
commerci a1 1 y popul a r  t h r e e  speed 52 i n .  b lade d i  am 
e t e r  c e i l i n g  fan, and i t  was c o n t r o l l e d  by a v a r i  
ab le  speed f a n  c o n t r o l l e r .  The f a n  mounting h e i g h t  
was 8.5 ft. from t h e  f l o o r  t o  t h e  c e n t e r  l i n e  o f  
t h e  f a n  blades. 

DETERMINATION OF TEST AIRSPEEDS AND TEMPERATURES 

Airspeeds were grouped i n t o  t h r e e  ranges t i -  
t l e d  s t i l l  a i r ,  moderate a i rspeed and h i g h  a i  speed F (Table 1). Slnce the ASHRAE Standard 55-1981 i n -  
d i c a t e s  that s ! I 1  a i r  i s  l e s s  than 50 fpm and 
Rohles' e t  a1.I s tudy showed t h a t  t h e  lowest  a i r -  
speed which mainta ined comfor t  t o  82 FET* was 50 
fpm, then t h e  50 fpm ai rspeed was considered t h e  
lowest  a i rspeed which w i l l  preserve comfor t  t o  82 
FET*. 

T h e i r  rese  rch2  a l s o  showed t h a t  t h e  ASHRAE T Standard 55-1981 summer comfor t  zone cou ld  be ex- 
tended t o  85 FET* w i t h  a mean a i rspeed o f  200 fpm. 
Th is  a i rspeed was se lec ted  as t h e  lower  1 i m i t  f o r  
t h e  moderate range. 

The upper 1 i m i t  o f  300 fpm f o r  t h e  moderate 
a i rspeed zone was se lec ted  a f t e r  rev iew ing  prev ious 
research s tud fes  (Table 2) which analyzed t h e  com- 
f o r t  c o n d i t i o n s  t h a t  people sense when overhead 
fans p rov ide  a i r  movement. The s tud ies  showed t h a t  
maximum ai rspeeds o f  200 fpm t o  300 fpm seemed 
comfor tab le t o  a t  l e a s t  77 percent  o f  t h e  persons 
t e s t e d  when d r y  b u l b  temperature d i d  n o t  exceed 84F 
t o  85F and t h e  r e l a t i v e  humid i t y  was approx imate ly  
50 t o  60 percent .  

This  Research was conducted a t  Texas A&M U n i v e r s i t y  
i n  1983 w h i l e  t h e  author  was complet ing d i s s e r t a -  
t i o n  research i n  t h e  Department o f  A r c h i t e c t u r e .  
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Airspeeds above 300 fpm were se lec ted  as t h e  
h igh  airspeed reg ion .  At these airspeeds, papers 
from books and magazines begin t o  be blown about 
and t h e  moving paperf y e a t e  annoyance f o r  sub jec ts  
w i t h i n  t h e  a i rs t ream . 

The c e i l i n g  fan airspeeds were subdivided 
i n t o  zones t o  i l l u s t r a t e  reg ions  o f  t h e  classroom 
where comfort was prov ided t o  a maximum temperature 
cond i t i on .  These zones inc luded  t h e  t h r e e  a i rspeed 
regions.  The maximum temperatures se lec ted  were 82 
FET* and 85 FET* t o  conform t o  the  temperatures 
used i n  oh les '  e t  a l .  c e i l i n g  f a n  t e s t s  w i t h  human 9 subjects  . 
AIRSPEED MEASUREMENTS 

Airspeed measurements were made a t  150 l o c a -  
t i o n s  w i t h i n  t h e  classroom. The p o i n t s  were se- 
l e c t e d  i n  order  t o  i n c l u d e  ASHRAE's occupied zone 
i n  t h e  h o r i z o n t a l  p lane o r  p lan  view o f  t h e  room, 
and t h e  dashed 1 i n e  shown i n  F ig .  1 represents t h e  
occupied zone. The occupied zone i s  the  r e g i o n  o f  
space normal ly  occupied by people and i s  g e n e r a l l y  
considered t o  be between t h e  f l o o r  and 6 ft. above 
t h e  f l o o r  and more than 2 t. from w a l l s  o r  f i x e d  f a i r  c o n d i t i o n i n g  equipment . 

The v e r t i c a l  he igh ts  chosen f o r  a i rspeed mea- 
surements were 4 in,, 24 i n . ,  43 i n . ,  67 In . ,  and 
88 i n .  The f i r s t  f o u r  h e i g h t  increments were 
he igh ts  recommended by ASHRAE Standard 55-19811 f o r  
the  eva lua t ion  o f  thermal parameters f o r  sedentary 
occupants who were s i t t i n g  and standing.  The 88 
i n .  he igh t  was added t o  p rov ide  data on a i rspeed 
cond i t i ons  f o r  persons t a l l e r  than normal. I n  t h e  
h o r i z o n t a l  plane, t h e  airspeed measurement l o c a -  
t i o n s  were 3 ft. on cen te r  throughout t h e  room. 

The a i rspeed f o r  each o f  these p o i n t s  was an aver-  
age o f  100 measurements taken a t  two second i n t e r -  
va ls  by a nond i rec t iona l  a i rspeed robe i n  accor-  P dance w i t h  ASHRAE Standard 55-1981 . 

RESULTS OF THE AIRSPEED TESTS 

Airspeed contour  drawings a t  10 fpm i n t e r v a l s  
were drawn f o r  f i v e  h o r i z o n t a l  planes, s i x  v e r t i c a l  
t ransverse planes, and f i v e  v e r t i c a l  l o n g i t u d i n a l  
planes o f  t h e  room. A complete s e t  o f  t h e  drawings 
which encompass a i rspeed contour  drawings and a i r -  
speed zones w i t h  temperature l i m i t s  can be obta ined 
f rom t h e  Col lege o f  A r c h i t e c t u  e and Environmental 
Design a t  Texas ALM Un ivers i t ye .  Drawings were p r e -  
pared f o r  bo th  low speed and maximum speed condi 
t i o n s  o f  t h e  c e i l i n g  fan.  

Since t h e  f a n  des ign and normal a i rspeed 
f l u c t u a t i o n s  w i t h i n  a room w i l l  r e l o c a t e  these max- 
imum temperature zones t o  an unknown degree, t h e  
drawings should be viewed as a p o i n t - i n - t i m e  cond i -  
t i o n  f o r  t h e  t e s t  room and may n o t  be representa-  
t i v e  o f  t h e  zones i n  a s i m i l a r  room w i t h  a d i f f e r -  
e n t  f a n  and fu rn ish ings .  

The low speed t e s t s  were 
fan  p rov ided  155 fpm measured 
f l o o r  and on t h e  cen te r  l i n e  a 
l ow speed t e s t  was es tab l i shed  
fan  operated f o r  a minimum o f  
t e s t s  began, b u t  t h e  ac tua l  t e  
showed lower  airspeeds. The h 
a t  t h e  maximum c e l l  i n g  f a n  spe 
measurements f o r  t h e  200 fpm w 
43 i n .  h e i g h t  p r i o r  t o  t h e  roo 
These a i r  speeds a r e  shown i n  
c a t i o n s  on t h e  b lade  o f  t h e  f a  

For  t h e  Tow speed cell f n  
c rea ted  a h i g h  a i r  speed j e t  o 
fpm t h a t  was approximately 2.5 
cone shaped, and extended 2 ft 
blade. For  t h e  maximum speed 
j e t  was approximately 3.5 ft. 
tended 4 f t .  beneath t h e  f a n  b 
j e t  extended 1.3 ft. i n t o  the I 

The main a i r  plume from 1 
speed was e l l i p t i c a l  i n  shape r 
i l a r  t o  the  room's p r o p o r t i o n s ,  
e x i s t e d  a t  t h e  88 i n .  a i rspeed 
and cont inued toward t h e  f l o o r ,  
widened and encompassed t h e  occ 
room between t h e  24 i n .  and the 
he igh t .  

The main a i r  plume generi 
edges o f  t h e  occupied zone t h a l  
fan,  b u t  t h e  maximum speed f a n  
main a i r  plume coverage f o r  a l '  
cupied zone edges t h a t  were clc 
d i d  t h e  low speed fan  t e s t .  Be 
t o  p rov ide  moderate a i rspeeds i 
edge of.  the  occupied zone, l o c i  
f a n ' s  cen te r  l i n e .  The lowest  
speed u s u a l l y  occurred i n  t h e  t 
p i e d  zone which was most d i s t a l  

Dur ing the  low speed f a n  
was measured i n  t h e  43 i n .  t o  ( 
o f  the  room. The s t i l l  a i r  hac 
an a i r  j e t ,  and i t  extended frc 
occupied zone which was most d 

I n  most cases, t h e  highe: 
c a l l y  occurred a t  e i t h e r  the  Cd 
b u t  t h e  h tghes t  measured airspc 
h e i g h t  occurred a t  data p o i n t  I 
have been caused by a i r  moving 
and a long t h e  f l o o r  which reloc 
speed reg ion .  The maximum and 
a i rspeeds a r e  shown i n  Table 4 
h ighes t  a t  t h e  24 i n .  and t h e  I 
measured below t h e  edge o f  t h e  
h ighes t  between t h e  43 i n .  and 
measured e i t h e r  below t h e  centc 
t h e  c e n t e r  o f  t h e  fan .  

The f a n  plume dimensions 
t h e  edge o f  t h e  plume are show1 
c e i l i n g  fan  t e s t  i n  Table 5 anc 
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speed ceiling fan test in Table 6. The fan plume 
edge is considered as the last airspeed contour 
which is closely grouped. Subsequent airspeed con- 
tours generally have increasing distances between 
the contours. The fan plumes for the low and maxi- 
mum speed conditions were approximately 5.5 ft. 
wide and 6.7 to 8.0 ft. in length. The low speed 
fan test had a f l ~ o r  area coverage which averaged 
38.2 ftm2 which was similar to the floor are? cov- 
erage of the high speed fan test of 42.9 ft. . The 
fan plume encompassed a horizontal length which was 
slightly larger than the diameter of the fan's 
blade and a vertical length which was between 1-1/2 
and 2 times the diameter of the fan's blade. The 
airspeeds at the edge of the fan plume averaged 73 
fpm for the low speed fan test and 105 fpm for the 
maximum speed fan test. The location af the cen- 
troid of the plume was directly beneath the fan. 

The fan plume at the 4 in. height spread 
throughout the floor area of the room and provided 
airspeeds above 100 fpm in all areas of the floor 
except for the region of the room most distant from 
the fan. The low speed2fan test allowed airspeeds 
below 100 fpm in 36 ft. or 20 percent of the occu- 
pied area. The maximum speedefan test allowed air- 
speeds below 100 fpm in 2 ft. or 1 percent of the 
occupied area at the 4 in. height. 

With the ceiling fan operating at low speed, 
the areas of the occupied zone where comfort was 
maintained at temperatures of t82F, 82F, and 85F 
are shown in Table 7 and for the maximum speed fan 
test in Table 8. These temperature conditions re- 
late to the three airspeed ranges of t50 fpm, 
greater than or equal to 50 fpm, and greater than 
or equal to 90 fpm respectively. 

The tests showed that the ceiling fan operat- 
ing at maximum speed had an effective area of cov- 
erage, not including the 4 in. height,of 1.50 to 
1.75 times that of the ceiling fan functioning at 
low speed. The fan provided comfort to 82F in an 
average area of 97.2 ft. for the low sp ed fan 
test and in an average area of 151.0 ft.) for the 
maximum speed fan test. At a temperatu e of 85F, 5 this average area decreased to 31.9 ft. for the 
low speed fan test and to 55.6 ft. for the maximum 
speed fan test. 

The average dimensions where comfort was 
maintained at a temperature of 82F and 85F are 
shown in Table 9 and 10. Table 11 shows the recom- 
mended dimensions for spacing a 52 in. diameter 
ceiling fan mounted at 8.5 ft. above the floor. 
For a maximum room temperature of 82F. the maximum 
on-center spacing for a ceiling fan at low speed is 
12 ft. and at high speed Is 14 ft. When the maxi- 
mum room temperature is 85F, the maximum on-center 
spacing for the fan at low speed is 6 ft. and at 
high speed is 9 ft. 

CONCLUSIONS 

The ceiling fan tests indicated that the zone 
beneath the fan was the region of highest comfort 
when room temperatures were warm. The fan's main 
air plume from the fan was elliptical in shape with 
proportions similar to the room's proportions. 

The tests showed that the 52 in. ceiling fan 
operating at low speed provided sufficient airspeed 
for comfort to 82F in an average floor area of 97.2 
ft.2 beneath the fan. When operating at maximum 
spe d, the average floor area increased to 151.0 B ft. . At 85F, the equivalent average floor areas 
for the low speed and maximum speed tests were 31.8 
ft.2 and 55.6 ft.2 respectively. 

Rule of thumb approximations for these areas 
include the zone encompassed by 2.5 to 3.0 diame- 
ters of the fan blade for low and maximum fan 
speeds at 82F. This decreased to 1.1 to 2.1 diame- 
ters of the fan blade for low and maximum fan 
speeds at 85F. 

The maximum on-center spacing for a 52 in. 
diameter ceiling fan mounted at 8.5 ft. above the 
floor, operating at maximum speed, and providing 
comfort at a room temperature of 82F is 14 ft. For 
a temperature of 85F, it is 9 ft. More effective 
coverage occurs when the on-center spacing is one 
to two ft. less than the maximum. 

The ceiling fan provided relatively high air- 
speeds throughout the largest floor area in the 
zone from the floor to the 24 in. height. With 
these higher airspeeds, children playing and adults 
sitting on the floor of the room should be more 
comfortable at warmer air temperatures than would 
people sitting in chairs or standing. When room 
temperatures fall, these people would also be sus- 
ceptible to draft discomfort and slightly cool per- 
ceptions more frequently and more quickly than 
would people in most other room locations. For 
these reasons, ceiling fans should be used cau- 
tiously when rooms are comfortably air conditioned 
during warm seasons and are heated to normal winter 
set point temperatures and have children playing in 
the room or adults sitting on the floor of the 
room. 

Future ceiling fans should be designed to 
create a larger main air plume. The ceiling fan 
airspeed c ntour drawings available from Texas A&M 8 University illustrate high airspeeds within the 
air plume, but rapid airspeed reductions beyond the 
edge of the air plume. The design of new blades, 
louvers, baffles, or other devices to enlarge the 
fan's matn air plume would increase the comfort 
zone and the efficiency of ceiling fans in relation 
to human comfort. 
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TABLE 1 
Airspeed Zones w i t h  Maximum Temperature L i m i t s  

Airspeed Airspeed 
D ~ s c ~ ~ € & ? o Q  

Airspeed Range Maximum Temp. 
m !!lh FET* CET* 

I S t i l l  A i r  (50 <.25 82 27.8 
2 Moderate Airspeed 50-300 .25-1.5 8 5 29.4 
3 High Airspeed >300 >1.5 85 29.4 

TABLE 2 
Measured Human Comfort Condi t ions w i t h  Warm Temperatures and High Airspeeds 

c!8auQl ~ ~ n q e r j *  .fjms4 wS * l n t v r e 6  B & k 2  
Pub1 i c a t i o n  Year o f  Study 1970 1974 1975 1978 1983 
C e i l i n g  Fan Diameter i n  Inches (m) (Ducts) (Ducts) 56 (1.42) 48 (1.22) 52 (1.32) 
Fan Height above F loor  i n  F t .  (m) 9.25 (2.80) 12 (3.66) 7.25 (2.21) 6.42 (1.96) 8.50 (2.59) 
Fan Distance from C e i l i n g  i n  FT. (m) 2.33 (0.71) 1.50 (0.46) 1.50 (0.46) 
Airsoeed Measurement Heiaht i n  F t .  f m l  4.92 (1.50) 4.33 (1.02) 3:58 (1.09) --  - -  - - - - -  , - 5  

Number o f  Subjects Tested 976 90 6 12 ?f6 
Predicted ~ e r i e n t  S a t i s f i e d  (PPS) 79 87 95 77 . . 92 . . 
Re la t i ve  Humidi ty 50 50 60 50 9u 

Fan Airspeed i n  Feet per Minute (m/s) 197 (1.00) 309 (1.57) 236 (1.20) 240 (1.22) 200 (1.02) 
Maximum Temperature i n  F ( c )  86.0 (30.0) 85.0 (29.4) 84.0 (28.9) 82.0 (27.8) 85.0 (29.4) 
Equivalent Temperature (ETt) i n  F (C)  86.0 (30.0) 85.0 (29.4) 85.3 (29.6) 82.0 (27.8) 85.0 (29.4) 

* Data taken from Tables fn Referenced Text 

TABLE 3 
Airspeeds Measured a t  F ive  Heights  and a t  Three Locat ions on t h e  Blade 
o f  t h e  Fan 

MEASUREMENT 
HEIGHT EDGE OF BLADE CENTER OF BLADE CENTER OF FAN 
i n .  m. - fpm m/s fDm m/s f~rn & 

TABLE 4 
Maximum and Minimum Measured Aispeeds f o r  C e i l i n g  Fan 

Minimum Airspeed Maxi mum Airspeed 
Airspeed Measurement Ai rspeed Measurement 

Test Cond i t ion  fDm a Locat ion f ~ m  m/s Loca t ion  

Low Speed Fan Test 23.0 0.12 C2 43 345.0 1.75 C5 88 
High Speed Fan Test 33.7 0.17 C1 88 381.1 1.94 C4 88 
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TABLE 5 
Fan Plume Dimensions f o r  Low Speed Fan Test  . 

Airspeed 
Measurement Fan Plume Dimensions & Coverage Airspeed 
Height  Width Length Are? At  Plume Edge 
i n .  m. - - f t . m . f t . m .  - ft. - .2 fJg rl& 

88 2.23 5.5 1.68 8.1 2.47 44.6 4.14 6 0 0.30 
67 1.70 5.5  1.68 7.8 2.38 42.9 3.99 60 0.30 
43 1.09 5.0 1.52 5.2 1.58 26.0 2.42 90 0.46 
24 0.61 5 . 8 1 . 7 7 6 . 8 2 . 0 7  39.43.66 - 80 - 0.4 1 
Average 5 . 5  1.66 6.7 2.13 38.2 3.55 7 3 0.37 

TABLE 6 
Fan Plume Dimensions f o r  Maximum Speed Fan Test  

Airspeed 
Measurement 
Height  
in. m. 

88 2.23 
67 1.70 
43 1.09 
24 0.61 
Average 

Fan Plume Dimensions & Coverage Ai rspeed 
Width Length Are? A t  Plume Edge 
f t ,m.f t .m. ft. p2- &m & 

TABLE 7 
C e i l i n g  Fan Tes t  a t  Low Speed 

Airspeed Area and Percent o f  O c c u ~ i e d  Area 
~easurement  Where Comfort was ~ a i n t a j n e d  a t  a Temperature o f  
Height  ;pi (:$7.8c) 82F ( 2 7 . 8 9  85F b29.4C) 
i n .  m. - - % - -- - ---  f t . 2  m % ft. m2 % -- 

TABLE 8 
C e i l i n g  Fan Test  a t  Maximum Speed 

Airspeed Area and Percent o f  Occupied Area 
Measurement Where Comfort was Mainta ined a t  a Temperature o f  
Height  <82F ( d 7 . 8 C )  82F (27.8C) 85F (29.4C) 

i n .  - 
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TABLE 9 
Average Dimens.ions Where Comfort was Maintained a t  a Temperature o f  
82F Wi th Airspeed >50 fpm 

C e i l i n g  Fan a t  Low Speed Area i n  f t .2  m. 2 

S i t t i n g :  11.0 f t .  Diameter Oval 
Standing: 11.0 f t. Diameter Oval 

C e i l  i n g  Fan a t  Maximum Speed 

S i t t i n g :  12.0 by 13.0 f t .  R e c t i l i n e a r  Oval 
Standing: 12.0 by 12.0 ft. R e c t i l i n e a r  Oval 

TABLE I0 
Average Dimensions Where Comfort was Mainta ined a t  a Temperature o f  
85F With Airspeed )90 fpm 

C e i l i n g  Fan a t  Low Speed Area i n  f t .2 m. 2 

S i t t i n g :  6.0 t o  7.0 f t .  Diameter Oval 
Standing: 5.0 by 6.0 f t .  R e c t i l i n e a r  Oval 

Average 
C e i l i n g  Fan a t  Maximum Speed 

S i t t i n g :  9.0 f t .D iamete r  Oval 67 6.22 
Standing: 5.0 by 8.0 ft. R e c t i l i n e a r  Oval - - 45 4.18 

Average 55.6 5.17 

TABLE 11 

Recommended Dimensions f o r  Spacing a 52 i n  Diameter C e i l i n g  Fan Mount- 
ed a t  8.5 ft. above t h e  f l o o r  and Prov id ing  Comfort a t  Temperatures o f  
82F and 85F 

Maximum On Center Spacing 
Comfort Temperature f o r  C e ' l i n g  Fan 

F C f t. h m. 2 

Operat ing a t  Low Speed 82.0 27.8 11.0-12.0 3.35-3.66 
Operat ing a t  High Speed 82.0 27.8 12.0-14.0 3.66-4.27 

Operat ing a t  Low Speed 85.0 29.4 5.0-6.0 1.52-1.82 
Operat ing a t  High Speed 85.0 29.4 7.0-9.0 2.13-2.74 
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