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INSTRUCTIONS BUILDING A, HOMEMADE LARGE-VOLUME 

SHELTER-VENTILATING PUNKAH-PUMP 

Cresson H. Kearny 

I. THE NEED FOR INSTRUCTIONS 

One s o l u t i o n  t o  s h e l t e r  v e n t i l a t i o n  problems would be t o  place f a c t o r y -  

b u i l t  v e n t i l a t i n g  fans i n  a l l  s h e l t e r s  capable of  p r o t e c t i n g  t h e  U. S .  popu- 

l a t i o n .  If one p r o j e c t s  t h e  present  l i m i t e d  U. S .  c i v i l  defense budget, 

t h e  bui ldup of such a c a p a b i l i t y  would n e c e s s a r i l y  be slow. Y e t  i t  would 

be poss ib l e  during a per iod of an e s c a l a t i n g  c r i s i s  f o r  mi l l i ons  of c i t i z e n s  

t o  provide more usable  s h e l t e r  spaces f o r  themselves i f  they were given 

e x p l i c i t  i n s t r u c t i o n s  f o r  bu i ld ing  an e f f e c t i v e  v e n t i l a t i n g  pump. More- 

over, one new type of v e n t i l a t i n g  pump, the  punkah-pump, can be b u i l t  us ing 

only m a t e r i a l s  and t o o l s  found i n  many American homes. 

The a b i l i t y  of punkah-pumps t o  supply l a r g e  volumes of a i r  t o  a l a r g e  

s h e l t e r  has been demonstrated.* Large volumes of ou t s ide  a i r  (up t o  30 
cfm per  occupant during heat  waves i n  t h e  h o t t e s t  p a r t s  of t h e  country) 

may be r equ i r ed  i n  many crowded s h e l t e r s  t o  maintain t o l e r a b l e  temperatures.  

However, s i n c e  t h e  average c i t i z e n  has n e i t h e r  seen nor heard of a punkah- 

pump, he would need most e x p l i c i t  i n s t r u c t i o n s  t o  b u i l d  one, r ega rd le s s  

of  how simple it is  t o  do. Such pump-building i n s t r u c t i o n s  might be 

d i s t r i b u t e d  i n  a c i v i l  defense booklet  or p r i n t e d  i n  newspapers during 

a worsening c r i s i s  as p a r t  of gene ra l  i n s t r u c t i o n s  f o r  preparing expedient 

and hasty s h e l t e r s ,  and f o r  providing adequate v e n t i l a t i o n  f o r  many 

e x i s t i n g  s h e l t e r s .  For t h i s  purpose, t h e  fol lowing t e x t  and i l l u s t r a t i o n s  

may prove use fu l  ( f o r  example, f o r  h u r r i e d  reproduct ion by o f f s e t  p r i n t i n g  

during a c r i s i s ) .  

...a. 
1 

3 

~ * 
Engineering t e s t s  of punkah-pumps conducted i n  1965 a t  P ro tec t ive  S t ruc -  
t u r e s  Development Center, Fo r t  Belvoir,  V i rg in i a ,  have shown t h a t  a 
simple s ix - foo t  punkah-pump, when operated by a man working a t  a r a t e  of 
less than 0.5 hp, can pump 4600 cfm through a s h e l t e r ,  a g a i n s t  a pressure 
d i f f e rence  of 0.02 i n .  water gauge. To fo rce  5000 cfm through a passage- 
way 100-ft  long and only 6 - f t  high by 2 . 5 - f t  wide r equ i r e s  a pressure 
d i f f e rence  of  l e s s  than 0.01 i n .  water gauge; most f a l l o u t  s h e l t e r s  
have a v a i l a b l e  a i r  passageways (doorways, s t a i r w e l l s ,  e l e v a t o r  shafts, 
windows) o f f e r i n g  lower r e s i s t a n c e s  than 0.01 i n .  water gauge t o  the 
flow of 5000 cfln. 
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11. PUMP-BUILDING EXPERIMENTS FOR THE DEVELOPMENT 

OF WORKABLE INSTRUCTIONS 

It was found t h a t  t h e  average nontechnical  i nd iv idua l  could not b u i l d  

a s a t i s f a c t o r y  punkah-pump i f  given only b r i e f  desc r ip t ions  and engineer ing 

drawings f o r  i n s t r u c t i o n s .  Therefore, thoroughly e x p l i c i t  s tep-by-step 

i n s t r u c t  ion booklets  were prepared, complete with numerous d e t a i l e d  l i n e  

drawings. Then three successive sepa ra t e  groups of young Boy Scouts 

served as t es t  groups, bu i ld ing  3-f t  models. Boys were s e l e c t e d  who had 

not heard of a punkah-pump. To s imulate  American a d u l t s  of l e s s  than  aver-  

age a b i l i t y ,  boys wi th  an average age of 12 years  were chosen. Each of 

t h e  t h r e e  successive groups was divided i n t o  two three-boy teams. Each 

team b u i l t  one pump. 

o ther  than  t h e  w r i t t e n  ones contained i n  one booklet .  A team was pro-  

vided wi th  only common bui ld ing  ma te r i a l s  (uncut boards, n a i l s  - - including 

inappropr ia te ly  l a r g e  and small ones--tacks, polyethylene f i l m ,  p ressure-  

s e n s i t i v e  tape,  wire coathangers, s t r i n g ,  wire, and c l o s e t  door hinges 

with screws) and wi th  simple household t o o l s  (hammer, saw, p l i e r s ,  screw- 

dr iver ,  s c i s s o r s  and/or knife ,  yards t ick ,  and p e n c i l ) .  

The teams were given no pump-building i n s t r u c t i o n s  

Af te r  t h e  two pumps had been completed by t h e  two teams of each suc- 

cess ive  t e s t  group, t h e  causes of mistakes and confusion were determined, 

and, with t h e  he lp  of t h e  boys, t h e  i n s t r u c t i o n s  and drawings were c l a r i -  

f i e d  and improved. 

I n  the last  group tes t ,  one team of two 11-year-old and one 12-year- 

o l d  boys b u i l t  a well-constructed pump i n  3-l/2 hours of working t i m e - -  

inc luding  a h a l f  hour we l l  spent  i n  c a r e f u l l y  s tudying t h e  i n s t r u c t i o n s .  

Therefore, it i s  concluded t h a t  most adu l t  male Americans, using only 

common materials found i n  many households, could b u i l d  a se rv iceab le  punkah- 

pump with these  same i n s t r u c t i o n s .  

111. THE TEXT OF THE FINAL INSTRUCTION BOOKLET 

FOR BUILJ3ING PUNKAH-PTJMPS 

The fol lowing t e x t  contains  the  same wording and the same d i s t r i b u t i o n  

of i l l u s t r a t i o n s  wi th in  the  text as was i n  the f i n a l ,  success fu l ly  t e s t e d  

i n s t r u c t i o n  booklets .  

r-' 

! .. 

3- 
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HOW To MAKE A HOMEMADE, LARGE-VOLUME, EFFICIENT 

FALLOW SHELTER VENTILATING PUMP: 
THE PUNKAH-PUMP 

Cresson H. Kearny 

Oak Ridge National Laboratory 
Oak Ridge, Tennessee 

Caution 

Before you s tar t  making t h i s  new type of pump-- 
i f  you want t o  avoid mistakes o r  want t o  d iv ide  
t h e  work among s e v e r a l  people--ALL WORKERS SHOULD 
READ TKESE INSTRUCTIONS AT LEAST THROUGH PAGE 12 
before  anyone s t a r t s  work. 

If persons concerned with making t h i s  pump 
f i r s t  spend h a l f  an hour s tudying these  i n s t r u c -  
t i o n s  and g e t t i n g  organized, you should be ab le  
t o  b u i l d  t h e  th ree - foo t  model descr ibed h e r e i n  
i n  l e s s  than t h e  t h r e e  hours usua l ly  r equ i r ed  
f o r  t h r e e  persons.  For example, one person can 
s ta r t  making the  f lap-valves  ( s e e  pages 9 t o  11) 
while o the r s  begin work on t h e  pump frame, e t c .  

These i n s t r u c t i o n s  were e s p e c i a l l y  w r i t t e n  and 
t e s t e d  (by having successive groups of  =-year- 
olds, who previously had never heard of a punkah- 
pump, b u i l d  th ree - foo t  models) so  as t o  enable 
un t r a ined  persons t o  make good pumps. 

i 
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HOW TO MAKE A HOMEMADE, LARGE-VOLUME, EFFICIENT 
FALLOW SHELTER VENTILATING PUMP: 

THE PUNKAH-PUMP 

THE - NEED - 
Espec ia l ly  i n  w a r m  weather, l a r g e  q u a n t i t i e s  of ou t s ide  a i r  usua l ly  

must be pumped through a crowded s h e l t e r  i n  o rde r  t h a t  t h e  body h e a t  pro-  

duced by t h e  occupants w i l l  not r a i s e  s h e l t e r  temperatures t o  dangerously 

high l e v e l s .  These i n s t r u c t i o n s  w i l l  enable you t o  b u i l d  a s h e l t e r  v e n t i -  

l a t i n g  pump--using only common m a t e r i a l s  found i n  most American homes-- 

w i t h  which you can pump t h e  l a r g e  volumes of a i r  r equ i r ed  i n  h o t  weather 

t o  maintain t o l e r a b l e  temperatures i n  a s h e l t e r .  If you a r e  loca t ed  i n  

an a r e a  sub jec t  t o  heat-wave condi t ions and i f  you a r e  p repa r ing  your 

s h e l t e r  t o  be t o l e r a b l e  even during a h e a t  wave, t hen  f o r  long occupancy 

of a we l l - in su la t ed  s h e l t e r  you should be ab le  t o  pump through it up t o  

30 cubic f e e t  per  minute pe r  person. Also, f o r  extreme heat-wave conditions,  

each person must be provided with f o u r  t o  f i v e  q u a r t s  of d r ink ing  water 

and one-third (l/3) ounce of sa l t  pe r  24 hours.  

For small s h e l t e r s ,  which even when overcrowded have no more than  20 

occupants, a t h ree - foo t  punkah-pump w i l l  pump enough a i r  t o  maintain t o l e r -  
ab le  s h e l t e r  temperatures even under t h e  worst summer condi t ions.  If you P- 

follow t h e s e  i n s t r u c t i o n s  ca re fu l ly ,  then, by your se l f ,  i n  about nine man- 

hours of working time, you can b u i l d  a t h ree - foo t  pump which can f o r c e  

over 1800 cubic f e e t  p e r  minute through a basement s h e l t e r  with two doorways-- 

more a i r  than  can be pumped with a manually operated commercial blower 

c o s t i n g  over $200. 

s h e l t e r  room from a closed house and t o  f o r c e  i t  ou t s ide  through a t h r e e -  

square-foot window, then aga ins t  t h i s  r e s i s t a n c e  it w i l l  pump only about 

500 cubic f e e t  pe r  minute. 

! 
\* 

However, i f  t h e  same pump i s  used t o  draw a i r  i n t o  a 

For s h e l t e r s  which'you a n t i c i p a t e  t o  have more than 20 occupants i n  

ho t  weather or more than 50 occupants i n  coo l  weather, t h e  s i x - f o o t  punkah- 

pump descr ibed i n  t h e  last  two pages of t h i s  booklet  i s  recommended. r- 
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HOW -- A PUNKAH-PUMP WORKS 

A s  can be seen i n  Figs .  1 and 2 below, a punkah pump operates  l i k e  

a pendulum. That is ,  it i s  hinged at 
ORNL-DWG 66-12319 

COVERING SEALING 
REMAINDER OF 
OPEN DOORWAY \ w  

SHELTER 
AREA 

SUPPORT 

/////////////////////////////// 

Fig.  1. Sect ion Through Doorway 
Showing Operation of Punkah-Pump. 

t h e  t o p  of i t s  swinging frame. It 

fo rces  a i r  through i t s  doorway 

opening when it i s  p u l l e d  as i l l u s -  

t r a t e d  (or pushed by a pole--see 

Fig.  14) .  This i s  c a l l e d  i t s  

power s t roke,  when i t s  numerous 

f lap-valves a r e  c losed aga ins t  

valve-s top wires  or s t r i n g s  i n  

t h e  plane of i t s  frame. Then when 

t h e  pump swings f r e e l y  back as a 

pendulum on i t s  r e t u r n  s t roke,  all 

t he  f l ap -va lves  a r e  opened by a i r  

pressure,  and t h e  a i r  stream con- 

t i n u e s  to flow i n  t h e  pumped d i r e c t i o n  while t he  pump swings i n  t h e  oppo- 

s i t e  d i r e c t i o n .  
ORNL-DWG 66- 12320 

For supplying a i r  t o  a s h e l -  

t e r  a punkah-pump may e i t h e r  be 

p u l l e d  by a cord as an a i r - i n t a k e  

pump ( s e e  Fig.  1) or pushed by a 

po le  as an exhaust pump. 

For d i s t r i b u t i n g  a i r  within 

a s h e l t e r  and/or fanning the  occu- 

pants,  a punkah-pump may be hung 

overhead, or i n  an i n t e r i o r  door- 

way leading t o  an inner  room, and 

operated as descr ibed a t  t h e  end 

of  t h e s e  i n s t r u c t i o n s .  
Fig.  2 .  Punkah-Pump i n  Doorway 

(With Flaps Open During Return Stroke) .  
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INSTRUCTIONS BUILDING A, PUNKAH-PUMP 

2 -  

A .  Mater ia ls  Needed 

The p re fe r r ed  m a t e r i a l  i s  l i s t e d  f i r s t .  

of ma te r i a l s  f o r  each use a re  l i s t e d  i n  order .  It i s  bes t  t o  spread out 

and check all mate r i a l s  before  you s ta r t  bui ld ing .  

Second and t h i r d  choices 

1. For the  wooden pump frame (Fig .  3) and i t s  f i x e d  support  : 

a. A t o t a l  of 22 f e e t  of 1-x-2-inch lumber, p re fe rab ly  s o f t  

wood. (If you have lumber of approximately 1-x-2-inch dimensions, use 

i t;  no s i n g l e  p iece  need be longer  than  3 f e e t . )  

b .  For the  f i x e d  support ,  3-1/2 f e e t  of 1-x-4-inch (or l-x-3- 

inch or 1-x-2-inch) lumber 

C.  A p a i r  of ordinary door or cabine t  hinges (or s t r a p  hinges, ' 

or pieces  of l e a t h e r  t o  improvise hinges,  o r  four eyescrews which can 

be jo ined  t o  make two hinges)  

d. Small n a i l s  ( a t  l e a s t  18; number 6 box n a i l s  a r e  b e s t ) ,  p lus  

screws or n a i l s  f o r  t h e  hinges 

2. For the  f l a p  valves  ( s e e  F igs .  1, 2, 7, and 8) 

a. Thir ty  f e e t  of smooth, s t r a i g h t  wire a t  l e a s t  as heavy as 
coat-hanger wire, t o  make t h e  f lap-va lve  p ivot  wires  ( o r  10 wire coa t -  

hangers, or 35 f e e t  of t h inne r  smooth wire,  or about 35 f e e t  of s t r i n g )  

Thi r ty  s m a l l  s t a p l e s  (or 30 very small n a i l s ,  or 60 t acks ) ,  b. 

t o  a t t a c h  t h e  f l ap -va lve  p ivot  wires 

e .  Twelve square f e e t  of polyethylene film about t h r e e  or f o u r  

m i l s  (3 or 4 one-thousandths of an inch) th ick ,  i n  p ieces  a t  l e a s t  30 
inches wide (or p l a s t i c  drop c lo th ,  or ra incoa t - type  l i g h t  coated f a b r i c ,  

or any combination of pieces  capable of being cut  i n t o  t e n  s t r i p s  each 

30 -x -5 -1/2 inches) 

d. P re s su re - sens i t i ve  t ape  (such as a waterproof tape,  or ad- 

hesive,  Scotch, or masking tape) ,  t o  be used i n  s t r i p s  one inch or l e s s  

i n  width t o  make t h e  hem-tunnel on each f lap-va lve .  Or ob ta in  needle 

and thread  t o  sew t h e  hem-tunnels 

7- 

if 
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3. For t h e  f l ap -va lve  s tops  

a. 150 f e e t  of l i g h t  s t r i n g  (or 150 f e e t  of l i g h t  smooth wire,  

or very s t rong  thread)  

b .  90 tacks,  or 90 very small n a i l s  (des i r ab le ,  bu t  not e s s e n t i a l )  

4. For t h e  p u l l  cord 

A t  l e a s t  10 f e e t  of cord (or l i g h t  rope, o r  wire) 

B. Desirable  Tools 

Hammer, saw, w i r e c u t t e r  p l i e r s ,  screwdriver,  s c i s s o r s ,  knife ,  yard- 

s t i c k ,  p e n c i l  

C .  Steps t o  Build a Three-Foot Punkah-Pump --- 
For use i n  an a i r - i n t a k e  o r  exhaust opening a t  least 30 inches wide 

and at l e a s t  40 inches h igh  

1. The frame 

ORNL-DWG 66-1232f 
a. Cut two (2 )  p i eces  of 

1-x-2-inch lumber each 36 inches CENTER BRACE 

long, and two (2 )  p i eces  of 1-x-2- 

inch each 29 inches long; and n a i l  

them t o g e t h e r  ( s e e  Fig.  3) .  
n a i l s  t h a t  do not  s p l i t  t h e  wood. 

P re fe rab ly  use n a i l s  which are 

long enough t o  go through t h e  

Use 

36 in 

boards and s t i c k  out about 1/2 

inch on t h e  o t h e r  s i d e .  

thus, f i r s t  block up the  frame 

s o  t h a t  t h e  n a i l  p o i n t  w i l l  not 

s t r i k e  the  f l o o r . )  Then bend 

over n a i l  p o i n t s  which go through. 

(To n a i l  

Next cut and n a i l  on a p iece  

\ 1 x 1 in. 

Fig.  3. Punkah-Pump Frame (Look- 
of approximately 1-x-1-inch lwn-  

b e r  36 inches long as a c e n t e r  

v e r t i c a l  brace.  ( I f  you l a c k  

i n g  a t  the 'Back of t h e  Frame). 
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time t o  make or f i n d  a 1-x-1-inch piece,  use a 1-x-2-inch.) 

shows t h e  back -- s i d e  of t h e  frame; t h e  f l ap -va lves  w i l l  be a t t a c h e d  on t h e  

f r o n t  ( t h e  opposi te)  s i d e .  

Figure 3 

b. I n  o rde r  t o  make the f r o n t  s i d e  smooth and f l a t  so t h a t  t h e  

f lap-valves  w i l l  c lo se  t i g h t l y ,  f i l l  i n  t h e  spaces as fo l lows :  cu t  two 

p ieces  of 1-x-2-inch board long enough t o  f i l l  i n  t h e  spaces on t o p  of t h e  

36-inch s i d e s  of t h e  frame between t h e  t o p  and bottom h o r i z o n t a l  boards;  

n a i l  them i n  p l ace .  

s i z e  board you used f o r  t h e  cen te r  brace) as a f i l l e r  board f o r  t he  c e n t e r  

brace ( s e e  Fig. 4 ) .  

Do the  same t h i n g  with a 1-x-1-inch board (or whatever 

2. The hinges 

Ordinary door hinges a r e  b e s t ,  but,  i n  o rde r  t h a t  t h e  pump can 

swing even p a s t  t h e  h o r i z o n t s l  pos i t i on ,  t h e  hinges should be screwed on to  

NOTE HINGES ARE ON 
THE FAR ( = T H E  FRONT) 
SIDE OF FRAME 

ORNL-DWG 66-12322 

/ 
4 
/ 

/ 

I- BRACE 

3. 

NOTE PARTOF 
HINGE THAT 
STICKS OUT 
FARTHEST IS 

To THE 

t 
/IFRAME : 

FRONT 

F I L L E R  

BACK 

SIDE VIEW 

Fig. 4 
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t h e  t o p  of the frame (p i ck  one of t h e  29-inch boards and c a l l  i t  the  top) 

i n  the p o s i t i o n s  shown i n  Fig. 4. (If you l a c k  a d r i l l  to d r i l l  screw 

holes,  d r i v e  a n a i l  i n  each p o s i t i o n  where you p l an  to put a screw, then  

p u l l  out t h e  n a i l ,  and screw t h e  screw i n t o  t h e  n a i l  hole . )  

3. The f lap-valves  

a. Make t e n  (10) f lap-valve pivot-wires .  If you have smooth s t r a i g h t  

wire  as l a r g e  as o r  l a r g e r  than t h e  wire of wire  coat  hangers, make t e n  - 
28-1/2-inch-long s t r a i g h t  lengths  of wire .  

hangers.  

If not,  use w i r e  from wi re  coat 

F i r s t ,  cut  o f f  all of t h e  t w i s t e d  and hooked v e r t i c a l  "handle" 

p a r t  of each coat hanger. If you have only ordinary p l i e r s ,  use i t s  c u t t e r  

t o  " b i t e "  the  wire  all around; then it w i l l  break at t h i s  p o i n t  i f  you bend 

i t  t h e r e .  Next, s t r a t a t e n  each wire c a r e f u l l y .  S t r a i g h t e n  all t h e  minor 

bends so  t h a t  each wire  i s  s t r a i g h t  as an arrow. Proper s t r a i g h t e n i n g  takes  

one to f i v e  minutes p e r  wire.  To s t r a i g h t e n ,  repeatedly g ra sp  the  bent 

p a r t  of t h e  wire with p l i e r s  i n  s l i g h t l y  d i f f e r e n t  spots ,  each t i m e  bending 

t h e  wire a l i t t l e  w i th  the  o the r  hand. 

inch length.  

F ina l ly ,  cu t  each wire to 28-1/2- 

b. Make t e n  (10) polyethylene f l a p s .  (This i s  a job bes t  done by 

two people working toge the r . )  

Make each s t r i p  30 inches long by 5-1/2 inches wide. 

a long one of t he  30-inch s ides ,  f o l d  i n  a 1-inch hem while t h e  s t r i p  i s  

l y i n g  on a t a b l e .  

t ape  each about 10 or 11 inches long ( o r  make t h e  hem by sewing it shut  very 

close t o  the c u t  edge), s o  as t o  f o r m  a tunnel-hem. See Fig.  5 below. 

F i r s t  cut  t e n  s t r i p s  ( s c i s s o r s  a r e  b e s t ) .  

Then, lengthwise 

Make each hem with t h r e e  p i eces  of p re s su re - sens i t i ve  

ORNL-DWG 66-12323 

Fig. 5 
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A f t e r  t h e  hem has  been made, t ake  a p a i r  of s c i s s o r s  and cu t  a notch 

i n  each hemmed corner  of t h e  f l a p  ( t h e  p i ece  of  polyethylene) .  

should extend downward about 1/2 inch and should extend h o r i z o n t a l l y  from 

t h e  o u t e r  edge of t h e  f l a p  t o  1/4 inch i n s i d e  t h e  inner  s i d e  of t he  frame, 

when t h e  flap i s  pos i t i oned  on the frame as shown i n  Fig.  6 .  
a notch i n  t h e  c e n t e r  of t he  f l a p  (along t h e  hem l i n e )  s o  t h a t  t h i s  notch 

extends 1/2 inch downward and extends h o r i z o n t a l l y  1/4 inch beyond the  edges 

of t h e  v e r t i c a l  brace ( s e e  Fig.  6 ) .  

This notch 

Also, cu t  

ORNL-DWG 66-12324 

, BRACE 

FRAME IA '/*in. 

Fig. 6 

c.  Take t h e  t e n  pieces  of 

s t r a i g h t e n e d  wire  and i n s e r t  one of 

them i n t o  and through t h e  hem-tunnel 

of each f lap-valve,  l i k e  a c u r t a i n  

rod runs through t h e  hem of a cur-  

t a i n .  Check t o  see t h a t  each f l a p -  

valve swings f r e e l y  on i t s  p ivo t -  

wire, as i l l u s t r a t e d  by t h e  End 

View, Fig. 7. (See also Fig.  8.) 

i- 

I-?- 

/.- 

I -  -*' 

ORNL-OWG 66-12325 

END OF PIVOT-WIRE (THAT 
WILL BE FIXED TO PUMP FRAME) 

.-- 

'r- 

Fig. 7 .  End V i e w  
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F 

ORNL-DWG 66-12326 

HEM' 

I( 

30 in. 4 

Fig. 8 

d. Using a r u l e r  and a ORNL-DWG 6 6 - + 2 3 2 7  

penci l ,  mark the p o s i t i o n  of each HINGES IN FRONT 

f l ap -va lve  pivot-wire on t h e  v e r -  

t i c a l  s i d e s  of t h e  36-in.-long 
O m e  boards of t h e  frame, and on the  

v e r t i c a l  brace.  Measure o f f  3-1/4- 
i n .  segments, s t a r t i n g  1/4 i n .  be- 

low t h e  t o p  board t o  which t h e  

hinges have been a t t ached  (see 

Fig. 9). 
hinge board downward. 

S t a r t  marking from the 

e .  Put t h e  f l ap -va lves  and 

t h e i r  pivot-wires t o  one s i d e  f o r  

use a f t e r  you have a t t ached  t h e  

f l ap -va lve  "stops" and the  hinges 

t o  t he  frame. 

4. The f l ap -va lve  s tops  

L 
i t J n ,  

1 I 

Fig. 9. Front View 

I n  order. t h a t  t he  f lap-valves  may t u r n  (open) on only one s i d e  

( t h e  f r o n t ,  or f ace )  of  t h e  frame, you must a t t a c h  h o r i z o n t a l  "stops" 

( s t r i n g s  or wires)  across  t h e  f a c e  of t h e  frame. Tie or n a i l  four  of 

t hese  ' 'stops' '  between each p a i r  of t h e  marked pos i t i ons  of the h o r i z o n t a l  

pivot-wires of t h e  f lap-valves ,  being c a r e f u l  not t o  cross t h e  h o r i z o n t a l  

open spaces i n t o  which you l a t e r  w i l l  f i x  t h e  f lap-valve pivot-wires .  
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I .  "- 
a. Between t h e  p o s i t i o n s  

FUTURE POSITION OF PIVOT- 
WIRE OF FLAP-VALVE 

marked f o r  each two adjacent  p ivo t -  

wires, mark o f f  on both s i d e s  and 

ORNL-DWG 66-42328 

FUTURE POSITION OF 
TOP FLAP-VALVE 

on t h e  c e n t e r  brace f o u r  marks 

equa l ly  spaced. S t a r t  by  measur- 

i ng  down 2/3 i n .  from t h e  t o p  

wire;  t h i s  w i l l  be mark number one. FUTURE POSITION OF PIVOT-WIRE 
MARKS FOR 4 FUTURE"ST0PS" 

Mark number two w i l l  be 2/3 i n .  

below number one; mark number th ree ,  Fig.  10 

2/3 i n .  below number two; and num- 

b e r  four ,  2/3 i n .  below number t h r e e  ( see  Fig.  10). 

b.  If you have t acks  or very s m a l l  n a i l s ,  d r i v e  t h r e e  i n  a h o r i -  

z o n t a l  l i n e  t o  secure each "stop"--two i n t o  t h e  v e r t i c a l  36-in.  s i d e s  

of the frame and one i n t o  t h e  v e r t i c a l  cen te r  brace.  F i r s t ,  d r i v e  all 

of these  h o r i z o n t a l  l i n e s  of t acks  about 3/4 of t h e  way i n t o  t h e  boards. 

Then t o  secure t h e  s t r i n g  quickly t o  a tack, wind t h e  s t r i n g  around the  

t a c k  and immediately d r ive  t h e  t a c k  tight t o  g r i p  the s t r i n g  ( s e e  F ig .  11). 
( I f  you l ack  tacks or n a i l s ,  merely 

cut notches where the  s tops  are ORN L-DWG 66- 'I 2329 

t o  be places ,  c u t t i n g  t h e s e  notches 

i n  t h e  edges of t h e  v e r t i c a l  s i d e s  

of t h e  frame and i n  an edge of t h e  

cen te r  brace.  Next, secure t h e  

s t o p s - - s t r i n g  or wires - - in  t h e i r  

proper p o s i t i o n s  by t y i n g  each 

s t o p  i n  i t s  notched pos i t i on ,  wrap- 

p ing  each h o r i z o n t a l  s t o p  once 

around t h e  c e n t e r  b race . )  The 

s t o p s  should be i n  l i n e  wlth--in 

t h e  same plane as--the f r o n t  of 

t h e  frame. Do not s t r e t c h  s tops  

t o o  t i g h t  or you may bend t h e  frame. Fig.  11 

4 "STOPS" 
*i3 in. APART 

' FUTURE POSITIONS 
OF 2 ADJACENT 
PIVOT - W I RES 



5. F i n a l  assembly and operat ion ORNL-DWG 66-12330 

BACK 

'7 
, 
v 

FIXED HORIZONTAL Screw o r  n a i l  the  upper 

halves  of the  hinges onto t h e  h o r i -  

zon ta l  f i x e d  support  (a 1-x-?-in.  

board 3-1/2 f e e t  long i s  bes t )  on 

which t h e  punkah-pump w i l l  swing. 

Be c a r e f u l  t o  a t t a c h  t h e  hinges i n  

t h e  UNusual - OUT-OF-LINE POSITION 

shown i n  Fig.  12. 

SUPPORT (NOT DIRECTLY 

FRONT (WHERE F L A P -  
VALVES ARE TO BE 
ATTACH ED ) 

b. S tap le ,  n a i l ,  tack, o r  

t i e  t he  t e n  f lap-va lve  pivot-wires 

(each with i t s  f lap-va lve  on it) 
i n  t h e i r  marked pos i t i ons ,  at t he  

marked 3-1/4-in.  spacings,  s t a r t i n g  

with t h e  lowest and working upward 

( see  Fig.  11). 
wire at both of i t s  ends t o  the  Fig.  12 

36-in.  v e r t i c a l  s i d e s  of t h e  frame, 

and also connect it t o  the  v e r t i c a l  cen te r  brace--being CAREFUL TO NAIL 

Connect each p ivo t -  

THE PIVOT-WIRES ONLY TO THE FRAME AND THE BMCE AND NOT TO NAIL ANY PLAS- 

T I C  DIFBCTLY TO THE WOOD- 

-") 

?: 

e .  N a i l  o r  screw the  h o r i z o n t a l  support  (with t h e  complete punkah- 

pump a t tached  t o  it) across  an open doorway or window opening which you 

have decided t o  use f o r  an a i r  supply ( in t ake )  opening ( see  Figs .  2 and 13). 
If you lack a pul ley  ( f o r  e f f i c i e n t  p u l l i n g  by p u l l i n g  downward l i k e  t o l l i n g  

a b e l l ) ,  p lace  t h e  pump i n  p a r t  of t h e  doorway with i t s  bottom about 1/2 

i n .  above t h e  floor, and p u l l  i t  with a cord o r  s t r i n g .  Place t h e  pump 

s o  t h a t  i t s  f lap-va lves  f ace  t h e  in s ide  of t h e  s h e l t e r ;  thus,  t h e  pump 

w i l l  f o rce  outs ide  a i r  i n t o  t h e  s h e l t e r .  Hang the  pump so  t h a t  one s i d e  

swings only about 1/2 in .  from one s i d e  of  t he  doorway casing. 
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ORNL-DWG 66-12334 

PREFERABLY PUMP IN 
THE SAME DIRECTION AS 
THE NATURAL AIR FLOW 

SHELTER SPACE 

RESISTANCE AIR PASSAGEWAY 

PLYWOOD OR PLASTIC COVERING 

HORIZONTAL FIXED SUPPORT 

OUTDOOR AIR 
FLOWING THROUGH 
LOW-RESISTANCE 

d. Al t e rna t ive  loca t ion .  I f  the  punkah-pump i s  hung i n  t h e  upper 

p a r t  of t he  doorway, it w i l l  pump l e s s  a i r .  However, f o r  use i n  exposed 

doorways o r  i n  dry, windy regions ( s i t u a t i o n s  which may change t h e  hazard 

due t o  f a l l o u t  en te r ing  t h e  s h e l t e r  along with the  v e n t i l a t i n g  a i r  from 

an unimportant t o  a consequent ia l  problem), it may be advantageous t o  

hang t h e  pump as high as poss ib l e  above t h e  f l o o r  and t o  cover t h e  lower 

p a r t  of t h e  doorway. The opera tor  should s t and  on a t a b l e  o r  use a long 

pul l -cord .  

CAUTION: When using a punkah-pump t o  v e n t i l a t e  a s h e l t e r  

i n  a bui ld ing ,  it i s  e s s e n t i a l  t o  open and/or c lose  windows 

and doors s o  as t o  provide a low-resis tance passageway a l l  

t h e  way through the  bui ld ing  and t h e  s h e l t e r  from an outdoor 

a i r  i n l e t  opening t o  a separa te ,  outdoor a i r  exhaust opening. 

For a punkah-pump, a low-resis tance a i r  passageway i s  one no 

smaller  a t  any po in t  than one-half t he  s i z e  of the  pump em- 

ployed--for example, not smal le r  than about fou r  square f e e t  

f o r  a three- foot  punkah-pump. If an exhaust window is  not 

l a rge  enough, break out t h e  g l a s s .  

r- 

3 I' 
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If, f o r  use with a three- foot  model, you provide an a i r  passageway 

having no c ross - sec t iona l  area l e s s  than  fou r  square f e e t ,  then  the  r e s u l -  

t a n t  low re s i s t ance  t o  a i r  flow w i l l  enable you t o  pump over 600 cubic f e e t  

pe r  minute of outdoor a i r  through the  s h e l t e r .  This i s  enough a i r  t o  ade- 

qua te ly  cool  up t o  20 people under extreme heat-wave condi t ions.  

have prcvided a sepa ra t e  a i r -exhaust  opening i n  t h e  s h e l t e r ,  cover t h a t  

p a r t  of t h e  doorway not  occupied by the  pump wi th  any airtight ma te r i a l  

(plywood, p l a s t i c ,  canvas, or boards) .  

on both s ides  of the pump. This doorway covering i s  t o  make su re  t h a t  

all t h e  a i r  you pump must flow through the  she l te r ,and  not for t h e  most 

p a r t  flow back out of t h e  same doorway. 

I f  you 

Leave a t  l e a s t  1/2-in.  c learance 

e.  If the re  i s  only one opening (a doorway) t o  t h e  s h e l t e r  room, 

hang t h e  punkah-pump i n  the  upper h a l f  (or i n  the  lower half)  of t he  door- 

way. Leave the  o the r  h a l f  of t h i s  doorway open t o  se rve  as an a i r  exhaust 

opening. The pump can thus  supply about 300 cubic f e e t  pe r  minute t o  the  

s h e l t e r  room (enough f o r  10 adu l t s  under heat-wave condi t ions) .  

ment can also be used t o  d i s t r i b u t e  a i r  i n t o  dead-end s i d e  rooms within a 

l a r g e r  s h e l t e r  or basement t o  which s u f f i c i e n t  outdoor a i r  is  being suppl ied ,  

by using an a d d i t i o n a l  punkah-pump f o r  each such room. 

This arrange-  

f. Tie a pull -cord (or p u l l  s t r i n g ,  wire, or l i g h t  rope) t o  the  

v e r t i c a l  cen ter  brace S5 i n .  below the  t o p  of t h e  frame and at the  top  of 

t he  f i f t h  f lap-va lve- - i f  you in tend  t o  p u l l  t h e  pump d i r e c t l y  wi th  a cord 

and without a pul ley .  

nection, t i e  the pul l -cord t o  the  c e n t r a l  brace v i a  a s m a l l  loop of wire-- 

l i k e  a chain link--which can p ivo t  on the bent-over head of a long f i n i s h i n g  

n a i l .  This n a i l  should be dr iven through the  c e n t r a l  brace and should 

have i t s  pro t ruding  sharp end bent over on the  far s i d e  of t he  brace.)  

(When you have t i m e  t o  make a l onge r - l a s t ing  con- 

If space i s  ava i lab le ,  use a pull -cord at l e a s t  t e n  f e e t  long .  A 

simple c ros s - s t i ck  handle or a knotted p iece  of c l o t h  f o r  a handle  on 

t h e  end of t he  pul l -cord  w i l l  save sore  hands. If you have a pul ley  and 

a pul l - rope t o  f i t  t h i s  pulley,  a t t a c h  t h e  pul l -cord  t o  the  v e r t i c a l  cen ter  

brace of t he  pump only about nine inches from the  t o p  of t h e  pump frame, 

and r i g  up s o  as t o  p u l l  t h e  punkah-pump with an easy downward p u l l ,  l i k e  

a b e l l  t o l l e r .  
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g. When ope ra t ing  t h e  pump wi th  a simple pul l -cord,  s t and  d i -  

r e c t l y  i n  f r o n t  of it, do not j e r k ,  and be s u r e  t o  l e t  t h e  pul l -cord go 

s l a c k  immediately a f te r  t h e  end of t h e  power s t r o k e  so  t h a t ,  l i k e  a f r e e  

pendulum, t h e  punkah-pump can swing back as far  as p o s s i b l e  on i t s  r e t u r n  

s t r o k e  . 

You now have s u f f i c i e n t  information t o  b u i l d  

a th ree - foo t  punkah-pump. The remaining sec -  

t i o n s  descr ibe a d d i t i o n a l  uses,  o t h e r  con- 

s t r u c t i o n s ,  and l a r g e r  models. 

D. Addi t ional  Uses 

1. A s  an exhaust pump operated with a push-pole ( s e e  Fig.  14) 

VALVE / 
STOPS 

NYLON CC - OLDING 
LEATHER TO CENTER 
BRACE 

,, * 
TO CENTER BRACE 

- 4 '/2 

ORNL-DWG 66-42332 

OFPUSH-POLE 

PIECE OF LEATHER (FROM 
SHOE UPPER OR WIDE BELT) 

KNOTTED PERMANENT LOOP 
SHOWN BEFO I N  END OF SAME CORD 
TIGHTENING 

OWN AFTER 

9 FOOT LONG WOODEN POLE, 3/4 x 1'14 In. 
(WITH UPPER AND LOWER EDGES OF ITS 
E N 0  ROUNDED).  IS BEST FOR A 3-FOOT 
MODEL ( O R  USE A I- In -DIA BAMBOO POLE)  

STRONG STRINGS TIED TIGHTLY 
AROUND THE LEATHER (AFTER 
EVERYTHING ELSE HAS BEEN DONE) 

CENTER BRACE OF 
PUNKAH PUMP 

vcy 

Fig. 14. Push-Pole F l e x i b l e  Connection 

._ 

.- . 

&' 
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I n  some s h e l t e r  s i t u a t i o n s ,  it i s  d e s i r a b l e  t o  exhaust a i r  up an e l e -  

v a t o r  s h a f t  or up a s t a i r w e l l  or out of a doorway. Or, one may need t o  

increase the  n a t u r a l ,  but inadequate, flow of  a i r  through t h e  s h e l t e r  or 
t o  draw a i r  i n t o  a basement s h e l t e r  through such a i r - i n l e t  openings as 

holes  broken i n  t h e  c e i l i n g .  

pump by means of  a push-pole r a t h e r  than p u l l  it by means of a cord. 

Then i t  i s  o f t e n  b e t t e r  t o  push a punkah- 

Figure 14 shows a simple, improvised, f l e x i b l e  connection of  a push- 

po le  t o  t h e  c e n t e r  brace of a pump. "he push-pole should be connected 

t o  t h e  cen te r  brace about 28 in .  from t h e  t o p  of t h e  frame. 

f l e x i b l e  push-pole connection, one can pump (exhaust)  a i r  out of a s h e l t e r  

by merely holding t h e  f r e e  end of t h e  pole i n  one hand and swinging t h e  

pole  back and f o r t h  with a pendulum-like, wide-swinging arm movement. 

With such a 

2 .  Punkah-pumps used i n  place of ducts 

Even i f  s u f f i c i e n t  a i r  i s  pumped through a t y p i c a l  l a r g e  basement 

s h e l t e r ,  most of t h i s  a i r  i s  l i k e l y  t o  flow d i r e c t l y  t o  t h e  exhaust open- 

ing. Thus during warm weather t h e  occupants who a r e  i n  those p a r t s  of 

t h e  s h e l t e r  where t h e  a i r  supply i s  inadequate t o  remove t h e i r  body hea t  

( f o r  example, i n  dead-end s i d e  rooms) w i l l  be sub jec t  t o  excessive e f f e c -  

t i v e  temperatures.  

Three-foot punkah-pumps can be hung from t h e  s h e l t e r  c e i l i n g ,  posi-  

t i o n e d  t o  pump a i r  so as t o  d i s t r i b u t e  it f a i r i y  t o  a l l  occupants. For 

example, 13 three-foot  punkah-pumps were hung from t h e  c e i l i n g  and near  

t h e  s i d e s  o f  a 4600-square-foot basement s h e l t e r .  With them, an i n t e r n a l  

c i r c u l a r  a i r  flow of about 10,000 cfm within t h e  s h e l t e r  w a s  e a s i l y  main- 

t a ined .  Less than  0.01 horsepower i s  r equ i r ed  t o  ope ra t e  a th ree - foo t  

punkah-pump hung from the  c e i l i n g  and p u l l e d  v i a  a good pul ley.  

3 .  Punkah-pumps used a s  fans  

A punkah-pump hung overhead i s  a more e f f i c i e n t  f a n  than  i s  an 

ordinary punkah--the hinged frame covered w i t h  canvas, used as an overhead 

f a n  i n  I n d i a .  E s p e c i a l l y  i f  s h e l t e r  occupants are i n  t i e r e d  bunks, t h r e e -  

f o o t  punkah-pumps are e f f i c i e n t  means of  mixing t h e  coo le r  a i r  near  t h e  

f l o o r  with t h e  h o t t e r  a i r  near t he  c e i l i n g .  I n  t h i s  way the  occupants of  

upper bunks can be provided with a i r  only about a degree, r a t h e r  than many 

degrees,  warmer than t h e  a i r  near t h e  floor. 
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E .  Other Constructions 

1. Side baffles 

To inc rease  t h e  volume of  a i r  that a punkah-pump can f o r c e  through 

a s h e l t e r ,  s i d e  b a f f l e s  can be r i g i d l y  f i x e d  t o  form two s t a t i o n a r y  v e r t i -  

c a l  b a f f l e s  ("walls") on each s i d e  of t h e  swinging pump frame ( s e e  Fig.  15) .  
Side b a f f l e s  can be made of ply- 
wood, boards, doors, t a b l e  tops,  ORNL-DWG 66-12334 

L UNUSED OPENINGS IN or even p l a s t i c .  (A space, i .e . ,  ORWAY SHOULD BE COVERED 

a clearance,  of 1/2 i n .  t o  one i n .  

should be maintained between t h e  

inner  s i d e  of each baff le  and t h e  

ou te r  s i d e  of t he  swinging frame.) 

Baffles can be e f f e c t i v e  even if 

placed only on one side of t h e  

opening (usua l ly  a doorway) i n  

which a pump i s  hung. When used 

with s i d e  baffles, a punkah-pump 

funct ions more l i k e  a p i s t o n  i n  a 

cy l inde r  

LENGTH OF PUNKAH PUMP 

For example, a six-foot-high Fig.  15. Side Baffles 

by 29 - in .  -wide punkah-pump was 

t e s t e d  i n  a s h e l t e r  while swinging 4 5 O  from v e r t i c a l  both backwards and 

forward. Against pressure d i f f e r e n t i a l s  up t o  0.015 i n .  water gauge-- 

which i s  more t han  t h e  r e s i s t a n c e  o f f e r e d  t o  an a i r  flow of 5000 cubic  

f e e t  p e r  minute by most s h e l t e r s  having two doorways--this punkah-pump 

without baffles pumped through t h e  s h e l t e r  3700 cubic f e e t  per minute. 

With b a f f l e s  placed on both -- s i d e s  and aga ins t  p re s su re  d i f f e r e n t i a l s  up 

t o  0.019 i n .  water gauge, it pumped 4450 cubic f e e t  p e r  minute. 

2. F i l t e r s  

If a doorway i s  a v a i l a b l e  a s  t h e  s h e l t e r  exhaust opening, t hen  a 

s ix - foo t  model has been found capable of pumping 3400 cfm through a one- 

i n .  - thick,  26-square f o o t  f i b e r g l a s s  dust  f i l t e r  and through a t y p i c a l  

l a r g e  basement s h e l t e r .  However, even i f  a s t a i r w e l l  or o t h e r  enclosed 

space ou t s ide  t h e  s h e l t e r  i s  not a v a i l a b l e  as a " s e t t l i n g  basin"  t o  
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remove almost a l l  f a l l o u t  from the  a i r  before  it en te r s  t h e  s h e l t e r ,  sup- 

p ly ing  f i l t e r e d  a i r  t o  a s h e l t e r  i s  usua l ly  of very secondary importance 

as compared t o  supplying adequate v e n t i l a t i n g  and cool ing a i r .  (Even i n  

t h e  unl ike ly  event t h a t  high r a t e s  of forced  v e n t i l a t i o n  a r e  maintained 

while f a l l o u t  i s  descending, t h e  r a d i a t i o n  dose t o  t h e  occupants of a 

t y p i c a l  basement shel ter  from the  f a l l o u t  pumped i n t o  the  s h e l t e r  with t h e  

v e n t i l a t i n g  a i r  w i l l  usua l ly  be l e s s  than  one percent of the dose they  

would rece ive  outs ide . )  

3 .  Chicken wire used as "stops" 

Considerable 

labor  can be saved 

i f  chicken wire i s  

used as t h e  "s tops"  

f o r  t he  f lap-valves ; 

one-in.  mesh i s  b e s t .  

Figure 16 i l l u s t r a t e s  

how t h e  mesh wire 

should be s t a p l e d  t o  

the frame. Next, 

the  f r o n t  of t he  

whole frame (except 

f o r  t h e  cen te r  brace)  

should be covered 

with t h i n  boards 

approximately 1/4 - 
i n .  thick,  such as 

l a t h s .  Then the  

p ivot  -wires and 

t h e i r  f lap-valves 

should be s t a p l e d  on- 

t o  the  1/4-in.-  

t h i c k  boards.  

This construc- 

ORNL-DWG 66-42333 

Fig. 16. Chicken Wire Used as "Stops" f o r  Flap-Valves t i o n  permits 

t h e  f lap-va lves  t o  t u r n  f r e e l y  i n  f r o n t  of t he  chicken-wire valve-s tops.  
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With the  aforementioned arrangement, t h e  cen te r  of each pivot-wire 

However, t h e  pivot-wires  should - NOT be connected t o  the  cen te r  brace.  

a t tached  t h i s  way must be made and he ld  s t r a i g h t e r  than  t h e  pivot-wires  

used with "s tops"  made of s t r a i g h t  s t r i n g s  or wires .  

t h a t  each pivot-wire  i s  h e l d  firm and straight by two s t a p l e s  secur ing  

each of i t s  ends. If t h e  wire used has  as small a diameter as ord inary  

coathanger wire, then it should be a t  l e a s t  as spr ingy  as  coathanger wire.  

Note i n  F ig .  16 

F. Larger Punkah-Pumps 

1. The frame 

A six-foot-by-29-in.  model can be made with the  same cons t ruc t ion  

as a three- foot  model, except t h a t  i t  should have a h o r i z o n t a l  cen te r  

brace  (a  1-x-2-in.  board),  as w e l l  as  a v e r t i c a l  cen ter  brace .  Also, t o  

increase  t h e  s t r eng th  of t h e  frame, each of i t s  members (each i s  made of 

two boards) should be he ld  toge the r  with numerous n a i l s ,  and these  n a i l s  

should be cl inched.  

2 Flap-valves 

If a s ix - foo t  model i s  used f o r  hundreds of hours and i f  i t s  f l a p -  

va lves  a r e  made of ordinary polyethylene,  then  i t s  lower-most f lap-va lves  

may develop t e a r s  which spread inward from the  edges. 

be prevented by tap ing  t h e  edges wi th  1/2- in .  -wide p res su re - sens i t i ve  t ape .  

If thus re inforced ,  even the  lower-most four -mi l  polyethylene f lap-va lves  

w i l l  be se rv i ceab le  for over 1000 working hours .  

Such t e a r i n g  may 

3. Power requirements 

Less than  0.05 horsepower i s  r equ i r ed  t o  opera te  such a s ix - foo t  

punkah-pump when it  i s  pumping about 5000 cfm of a i r  through a t y p i c a l  

basement s h e l t e r  which has both an a i r - i n t a k e  and an a i r -exhaus t  doorway. 

This i s  an easy work r a t e  f o r  one man, e s p e c i a l l y  i f  he powers t h e  pump 

by p u l l i n g  downward l i k e  a b e l l  t o l l e r  on a pul l -cord  run over a pu l l ey .  

Make a comfortable hand hold, a t  l e a s t  one in .  i n  diameter by ty ing  a row 

of knots i n  a p iece  of c lo th .  

,*\ 

I- ' w 

*-r 

v- 
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4. Pu l l ey  ope ra t ion  

I n  t h i s  case, t h e  pu l l - co rd  should be connected t o  t h e  c e n t e r  

A high-grade, v e r t i c a l  brace about 16 i n .  from the  t o p  of t h e  frame. 

two-in.-diameter, swivel-eye p u l l e y  i s  b e s t ;  a "Delrin" model was i n  good 

condi t ion a f t e r  two weeks of continuous use. 

To operate  a s i x - f o o t  punkah-pump with maximum e f f i c i ency ,  t h e  p u l l e y  

should be hung about 6-1/2 f e e t  above t h e  f l o o r ,  d i r e c t l y  i n  f r o n t  of the 

pump and 15 t o  20 f e e t  d i s t a n t  from it. 
p o s i t i o n  a p u l l e y  i n  a s h e l t e r  is  t o  suspend it  from t h e  t o p  connection of 

a t r i p o d  made of t h r e e  boards each about 8 feet  3 inches long. The t r i p o d  

can be t i e d  at i t s  t o p  with a rope which i s  run through ho le s  near t h e  

tops  of t h e  t h r e e  boards. 

t o o  f a r  a p a r t  simply by connecting them with rope o r  wire. For s t a b i l i t y  

during operat ion on a concrete  f l o o r ,  t h e  t r i p o d  should be h e l d  down wi th  

heavy o b j e c t s .  

Often t h e  e a s i e s t  way thus  t o  

The t h r e e  t r i p o d  feet  can be kept  from spreading 

5. Push-pole ope ra t ion  

If it is  d e s i r a b l e  t o  operate  a s ix - foo t  model as an exhaust pump 

by  means of a push-pole, use a po le  8 t o  10 f e e t  long and about 1-1/2 in .  

i n  diameter.  (See Fig.  14)  

6. Operation aga ins t  h ighe r  r e s i s t a n c e s  

A s ix - foo t  model with s i d e  b a f f l e s  on both s i d e s  has been found 

capable of pumping 3000 cfm through a basement s h e l t e r  aga ins t  a pres su re  

d i f f e r e n c e  of 0.03 i n .  water gauge. This w a s  the r e s i s t a n c e  t o  a i r  flow 

when t h e  exhaust opening w a s  reduced t o  only about f i v e  square f e e t .  
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