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MECHANIZED DURABILITY TESTS OF A SIX-FOOT PUNKAH-PUMP --- 
Cresson H. Kearny 

ABSTRACT 

I n  order  to t e s t  and t o  improve t h e  d u r a b i l i t y  of a s ix- foot  manu- 

a l l y  operated punkah-pump f o r  s h e l t e r  v e n t i l a t i o n  (descr ibed i n  a pre-  

vious report1),  motor-powered d u r a b i l i t y  t e s t s  were conducted at Oak 

Ridge National Laboratory. This model pump, i n  a previous volumetric 

t e s t  i n  December 1964, t r a n s f e r r e d  more than 5000 cfm i n t o  t h e  500- 

person belowground s h e l t e r  roon at t h e  P ro tec t ive  S t ruc tu res  Development 

Center, Fo r t  Belvoir,  Vi rg in ia ,  when operated by a s i n g l e  man. I ts  de- 

s ign  i s  shown i n  Fig.  l. 

This model v e n t i l a t i n g  pump w a s  t e s t e d  a t  ORNL for more than  1000 

hours.  

l e a s t  s i x  weeks of continuous use, provide? t h e  below-mentioned modi- 

f i c a t i o n s  of t h e  f lap-va lves  and pul leys  a r e  incorporated.  These modi- 

f i e d  parts were suppl ied  t o  t h e  P ro tec t ive  S t ruc tu res  Development Center 

f o r  poss ib l e  f u t u r e  t e s t s  w i t h  t h e i r  s ix - foo t  punkah-pump. 

m e  t e s t i n g  ind ica t ed  t h a t  t h i s  pump i s  dependable f o r  a t  

The modif Ted punkah-pump, l i k e  o ther  manual s h e l t e r - v e n t i l a t i n g  

pumps, needs f u r t h e r  r e a l i s t i c  manual t e s t i n g  operated by average 

people during a s h e l t e r  t e s t  of  more than  two weeks dura t ion .  

C .  H. Kearny, Manual She l t e r -Ven t i l a t ing  Devices f o r  Crowded S h e l t e r s  
Cooled & Outside Air--A - -  Prel iminary Report, O R N L X - m u n e  8, 1965). 
1 

.... -. . . - . 
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I. TEST OaJECTIVES 

.-. 

i .a 

%ne t e s t s  were planned t o  determine t h e  d u r a b i l i t y  of a punkah-pump 

which included design f e a t c r e s  des i r ab le  f o r  mass-produced models. 

Some f e a t u r e s  of t h e  pump were m3re complicated than a r e  necessary 

i n  t h e  home workshop models, but which might prove des i r ab le  i n  mass- 

produced models. These s p e c i a l  f ea tu re s  include f lap-valves  which can be 

mounted and replaced e a s i l y  and f lap-valve hinges and f l ap - s top  wires 

which a r e  i n  a recessed plane back of t h e  p l m e  of t he  f ace  of t h e  punkah- 

pump frame. This l a t t e r  f ea tu re  allows panps t o  be shipped without 

damaging f lap-valves ,  if only t h e  two ends of each f lap-valve a r e  turned  

back before  boxing. Other design f ea tu res  (more l i k e l y  t o  be incorporated 

i n  mass-produced models) which were t e s t e d  were f lap-valves  (descr ibed 

as numbers 12, 15, and 19 i n  t h e  sec t ion  on t e s t  r e s u l t s )  of nylon- 

re inforced p l a s t i c  (not ava i l ab le  i n  most a reas  f o r  home workshop con- 

s t r u c t i o n )  and s p e c i a l  pu l leys .  

To i l l u s t r a t e  t.he ease of construct ion af  l e s s  complicated models, 

s e v e r a l  s impl i f i ed  punkah-pumps were construeteed but not given d u r a b i l i t y  

t e s t s .  The c h a r a c t e r i s t i c s  of one s impl i f ied  model w i l l  be described 

l a t e r  i n  t h i s  r epor t .  

11. DESCRIPTION OF TEE TESTING PRQ@ED*IRXS 

1. Model Tested 

The pump t e s t e d  was a72-x-29-in.  model with 20 f lap-va lves .  The 

frame was made of white oak. The mater ia l s  and hardware were a l l  s t an -  

dard  items obtainable  i n  hardware s to re s ,  except f o r  t h e  s p e c i a l  nylon- 

re inforced  f lap-va lve  mater ia l  and pul leys  prev ious ly  mentioned and f o r  

a s p e c i a l  c l e v i s  used t o  connect t h e  pul l -cord t o  t h e  swinging punkah- 

p'mp frame. (If  a person, i n  cont ras t  t o  a motor d r ive  used i n  a dura- 

b i l i t y  t e s t ,  i s  p u l l i n g  t h e  pump, then, i f  t h e  pul l -cord wears through 

every day or so, it i s  easy t o  r e t i e  t h e  cord t o  t h e  pump.) 

One-half ( lengthwise) of t h e  1- in .  -mesh chicken wire used f o r  t h e  

s top- f laps  was enameled t o  see  i f  smoothing t h e  wires would r e s u l t  i n  

l e s s  wear t o  the  f l a p s .  No d i f f e rence  i n  wear of t h e  f lap-valves  was noted. 
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2.  Duration and Location of t h e  Tests 

<'- 

\--. 

The pump was t e s t e d  f o r  a t o t a l  of over 1033 hours and 52 minutes 

between February 2, 1965, and May 6, 1965. Numerous in t e r rup t ions  i n  

t h e  t e s t i n g  occurred dur ing  t h e  f i r s t  two months of  t h e  t e s t  period, due 

t o  breakdowns of  t h e  mechanical t e s t  d r i v e  mechanism and by delays while 

improved pump p a r t s  were being obtained. The t e s t s  were monitored da i ly ,  

except on weekends. On those  occasions when a broken pul l -cord  o r  pu l ley  

stopped t h e  pump at an unknown hour, no t e s t  t ime was recorded f o r  t h i s  

unobserved i n t e r v a l .  

3. Mechanical Drive (Fig.  2 )  and Flowrate 

A 3/4-hp heavy duty e l e c t r i c  motor was coupled t o  a Radicon worm 

gear speed reducer (Foote Brothers, Chicago), t u r n i n g  a 13-in.  crank 

a t  25 rpm (Fig.  2 ) .  A r o t a t i n g  s t u d  near  t h e  end of t h e  crank was con- 

nected t o  a 1/4-in.  nylon-dacron braided rope which passed over a 2- in .  

pu l l ey  suspended i n  l i n e  with t h e  swinging pump frame. The r e s u l t a n t  

26-in.  p u l l  ( v i a  a 3/16-in. b ra ided  nylon pul l -cord  t i e d  a t  one end t o  

t h e  1/4-in.  pu l l ey  rope and at t h e  o ther  end connected t o  t h e  pump frame 

16 i n .  below i t s  ho r i zon ta l  h inge- l ine)  r e s u l t e d  i n  t h e  swinging pump 

frame being je rked  t o  a s t o p  before  it reached what normally would have 

been t h e  end of i t s  pendulum-like r e tu rn  s t roke .  This r e s t r i c t i o n  of 

t h e  swing put  more s t r e s s  on t h e  f lap-valves  than  would occur i f  t h e  

pump were operated manually. It a l s o  reduced t h e  f lowra te .  

Because of t h e  l imi t ed  backswing, t h e  inward he ight  of swing ( t h e  

m a x i m u m  he ight  above t h e  f l o o r  of t h e  bottom of t h e  swinging pump frame) 

averaged 4 f t  1 in . ,  but t h e  maximum height  of t h e  r e s t r i c t e d  r e t u r n  

s t roke  was only about 2 f t .  

t h e  open exhaust doorway of t h e  t e s t  room) was 3950 cfm. 

i n  t h e  t e s t  room accounted f o r  a d d i t i o n a l  minor a i r  flows. The a r c  of 

swing during t h e s e  mechanical t e s t s  was about 1-15 degrees versus  about 

135 degrees when manually operated and pumping 5000 cfm. 

The volume of a i r  pumped (measured through 

Small openings 

. 
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Fig. 2. E l e c t r i c  power unit producing a 25-rpm, 13- 
dr ive ,  thus giving a 26-in. reciprocat ing movement t o  t h e  
running over t h e  2-in.  pu l ley  toward the punkah-pump. 
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4. Plywood "Wings" 

I' 

j \*- 

Two "wings" of braced 3/8-in.  plywood were b u i l t  i n s i d e  t h e  doorway 

t o  increase t h e  volume of a i r  pumped. 

ments were made of flow r a t e s  with and without wings. Such wings a l s o  

probably increased t h e  s t r e s s e s  on t h e  f lap-valves ,  compared wi th  operat ing 

without wings. Clearances between t h e  s ides  of t h e  swinging pump and 

t h e  wings were 3/4 i n .  t o  1 i n .  

be seen i n  Figs .  3 and 4. 

However, f o r  t h i s  pump 'no measure- 

The wings a r e  drawn i n  Fig.  1 and may 

5. Maintenance and Repairs 

No p a r t s  of t h e  pump were o i l ed  or greased u n t i l  a f t e r  879 hours of 

t e s t ing ,  a t  which time t h e  door hinges and t h e  pul l -cord c lev is -p in  were 

o i l e d  t o  reduce squeaking. 

Pulleys and pul ley  ropes were replaced as noted below, and a t  each 

d a i l y  inspect ion any t e a r s  i n  f lap-valves  were repa i red  with ordinary 

paper masking tape.  These f lap-valve r e p a i r s  only involved t h e  f l a p -  

valves made of common p l a s t i c ,  r a the r  than t h e  spec ia l  re inforced  mater ia l .  

111. TEST RESULTS 

1. Test 1 (23 hours and 30 minutes) 

A v a r i e t y  of f l a p s  ( a l l  types described i n  Test 3 below, except f o r  

nylon-reinforced v iny l  f a b r i c )  were t e s t e d .  

cord was t i e d  d i r e c t l y  t o  t h e  oak pump frame. A t  some time during t h e  

second day of t e s t i n g ,  f r i c t i o n  between t h e  oak frame and t h e  cord caused 

t h e  l a t t e r  t o  break, ending t h e  t e s t .  

A 1/8-in.  braided nylon p u l l -  

Since on t h e  lower h a l f  of t h e  pump some of t h e  pure polyethylene 

f lap-valves  which d id  not have diagonal end reinforcements of pressure-  

s e n s i t i v e  c lo th  tape  were beginning t o  have t h e i r  ends torn ,  before t h e  

s ta r t  of Test 2 all flap-valves had t h e i r  ends thus reinforced with tape  

(Fig.  5 ) .  

. 

i' 

b' 
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Fig.  3 .  The Six-Foot Punkah-Pump After  54 Hours of Test 3 ,  Showing 
Flaps Open During Outward Return Swing. 
valves t e s t e d .  

Note d i f f e r e n t  kinds of f l a p -  



8 

PHOTO 694424. 
'- A 1 

Fig. 4 .  Afte r  over 1000 hours of t e s t i n g ,  t he  punkah-pump i s  shown 
with f lap-valves  closed during i t s  inward power s t roke .  
only f lap-valves  made of m a t e r i a l  such as probably would be used f o r  
mass-produced models ( f l a p s  12, 15, and 19) a r e  i n  good condition. 

Note t h a t  t he  

F 
i 
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PHOTO 694394. 

LI 

Fig. 5. De ta i l  of Flap-Valves, After  1000 Hours of Testing, and Flap- 
Stop Wire Mesh, of Upper Half of t h e  Six-Foot Punkah-Mp. 
s top - f l ap  wire mesh i s  3/16-in. behind t h e  plane of t h e  f ace  of t h e  oak 
frame. 

The plane of 
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2. Test 2 (23 hours and 40 minutes) 

,-- 
\ 

J 
1.. , 

A loop of nylon-coated 3/32-in. -diam s t a i n l e s s  s t e e l  s t e e r i n g  cable 

was used t o  connect t h e  end of t h e  pul l -cord t o  t h e  oak pump frame. A t  

some time during t h e  second o r  t h i r d  day of t e s t i n g ,  repeated f lexures  

caused t h i s  cable t o  break where it passed through a 1/8-in.-diam hole  i n  

t h e  oak frame. This f a i l u r e  ended t h e  t e s t .  

Because of increased t e a r i n g  of t h e  pure polyethylene f lap-valves  on 

t h e  lower h a l f  of t h e  pump ( these  t e a r s  s t a r t e d  on t h e  cut edges and worked 

inward), it was concluded t h a t ,  f o r  t h e  bottom ha l f  of t h e  6 - f t  pump, t h e  

cut edges of p l a s t i c  f i l m  f lap-valves  must be re inforced,  and t h i s  was 

done before  Test 3 began. 

3. Test 3 (986 hours and 42 minutes) 

The following modifications were made before  t h e  start  of Test 3. 

Flap-Valves Numbers L through - 10 (Fig .  4) 

On the  top  ha l f  of t h e  pump t h e  f lap-valves  were l e f t  untouched. A l l  

10 were of pure 4 - m i l  polyethylene f i l m  ( 4 - m i 1  c l ea r  polyethylene f i l m ;  

Warp Brothers,  Chicago, "Coverall,  I '  which meets government spec i f i ca t ion  

MIL-P-3803, as rev ised) .  A l l  had diagonal end reinforcements ( see  Figs .  

4 and 5)  of pressure-sens i t ive  c lo th  tape  or of l i b r a r i a n ' s  r e p a i r  t ape .  

Their hinge-hems were e i t h e r  sewed or  heat-sealed ( see  Fig. 5 ) .  
t h e i r  cut  edges reinforced,  except f o r  t he  edges of a s l o t  cu t  i n  f l a p  

number 4, where t h e  pul l -cord  connections rubbed against  it ( see  Fig.  4 ) .  

None had 

A s  i s  ind ica ted  by Fig.  4, a photograph taken a f t e r  over 1000 hours 

of t e s t i n g ,  none of these  upper t e n  f lap-valves  were damaged o r  repa i red  

i n  any way, except f o r  two s m a l l  t e a r s  near t h e  center  of f l a p  number 4. 

Flap-Valves Numbers 2 through 20 - 
On t h e  lower ha.lf of t h e  pump, every valve (except 12 and 15)  had 

diagonal end reinforcements of c lo th  tape ,  p l a s t i c  tape,  or  p l a s t i c ;  all 

proved s a t i s f a c t o r y .  

I- 

,*' 
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(1) Valve 11: 4 - m i 1  polyethylene (Warp Brothers),  with all cut edges . 

The hinge- re inforced with 1/4-in. s t r i p s  of pressure-sensi t ive c l o t h  tape .  

hem was s t i t c h e d  with dacron thread .  No damage a t  t h e  end of Test 3. 

( 2 )  Valves 12 and 15 :  Made of Sun Chemical Company's 6-oz c l e a r  

nylon-reinforced p l i e d  v i n y l  ( c a l l e d  "Facilon, '' 6-0z, "nylon-reinforced 

v i n y l  f ab r i c , "  S t y l e  No. 618; meets MIL Spec. C-43006 Type 111). 

o r  edge reinforcements. Hinge-hem heat-sealed.  No damage noted a t  end 

of Test 3, except f o r  a f e w  threads which were broken a t  t h e  r e -en t r an t  

corners of t h e  ends of t h e  f l a p s .  

(3) Valves 13 and 14:  

No end 

4 - m i l  polyethylene (Warp Brothers) with h e a t -  

sealed hinge-hem and p l a s t i c  diagonal end reinforcements. All cut  edges 

reinforced with 1/2-in. t ape .  Several  inches of i n t e r i o r  tears occurred 

during t e s t i n g ;  t h e s e  were r epa i r ed  with paper masking t ape .  

(4)  Valve 16: Common u t i l i t y  covering polyethylene 4 - m i l  f i l m  

(Warp Brothers) with heat-sealed hinge-hem and p l a s t i c  diagonal end r e i n -  

forcements. 

t ape .  

i n .  p i ece  of one end was t o r n  away, and o the r  smaller  tears were r epa i r ed  

before t h e  end of t h e  t e s t .  

temperature; s t i t c h i n g  i s  p re fe rab le  t o  inexpert  heat-seal ing.  

Cut edges were reinforced with 3/4-in.  p l a s t i c  e l e c t r i c i a n  

The e n t i r e  hem was r epa i r ed  before t h e  end of t h e  t e s t .  An 8-sq- 

The hem was probably sealed at t o o  high a 

(5) Valves 17 and 20 : Nylon-reinforced polyethylene (an  inexpensive 

grade), about 6 - m i i .  
e l e c t r i c i a n ' s  t ape .  No damage suffered except f o r  holes  near ends. 

Hinge-hem and diagonal end reinforcements of 3/4-in. 

(6) Valve 18: Same as valve 13, except t h a t  g r e a t e r  s t r e s s e s  near 

bottom of pump r e s u l t e d  i n  more i n t e r i o r  tears, including t h e  loss  of 

4 sq i n .  of polyethylene near one end. 

(7)  Valve 19: Same as valves 12 and 15, except it had v i n y l  hea t -  

s ea l ed  diagonal end reinforcements. These came o f f ,  but t h e r e  was no 

damage t o  t h i s  exce l l en t  nylon-reinforced v i n y l  f lap-valve.  

4 
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Pulley-Ropes (F ig .  2 )  

pu l ley  g r e a t l y  f a c i l i t a t e s  manual operat ion of  a punkah-pump, 

although one i s  riot necessary f o r  emergency operat ion.  I n  order  t o  mini- 

mize cos ts  and poss ib le  d e t e r i o r a t i o n  problems, t h e  pul leys  t e s t e d  were 

a l l  of p l a s t i c  wi th  simple s t a i n l e s s  s t e e l  s h a f t s ;  i n  chronological order,  

t hey  were: 

(1) Two-in. nylon pu l l ey  ( an  o ld  model of Allen Marine, Inc .  --a 

“ T i l l e r  Block” f o r  a 1/4-in.  o r  5/16-in. rope) .  

s t a i n l e s s  s t e e l  rod, and t h e  bear ing  a rea  was 1/2- in .  long. 

dacron rope ran over t h i s  pu l ley  and was t i e d  t o  t h e  pul l -cord  of t h e  

pump. Af te r  351 hours of t e s t i n g ,  t h i s  pu l l ey  was about t o  f a i l .  The 

cause of f a i l u r e  was slow p l a s t i c  flow of t h e  s o l i d  nylon i n  contact  with 

t h e  s h a f t ,  causing enlargement of t h e  hole  and e c c e n t r i c i t y  of t h e  bear ing 

a rea .  This f i n a l l y  l e d  t o  overheating and t o  i r r e g u l a r  movement, which 

wore t h e  rope more during t h e  las t  day than  during t h e  preceding 13 days 

of  use. 

The s h a f t  was a 3/16-in. 

A braided 

( 2 )  New 2- in .  nylon pul ley  (sane model as before) .  Af t e r  190 hours 

of t e s t i n g ,  t h e  s h a f t  ho le  of  t h i s  pu l ley  sheave was worn about 1/8-in.  

oversize  and was running hot ,  although s t i l l  smoothly. It appeared un- 

l i k e l y  t h a t  it would las t  even two weeks. Therefore, it was rep laced  by 

( 3 )  - 
(3) One-in. swivel  block (Seaboard Marine Supply Co.) of machined 

phenol ic  r e s in ,  with 1/4- in .  s t a i n l e s s  s t e e l  shaft .  This pul ley  caused 

t h e  o l d  pul l - rope (which s t i l l  was s t rong  and appeared usefu l  f o r  more 

se rv ice  with t h e  previous 2- in .  pu l ley)  t o  break i n  a few hours.  

concluded t h a t  with braided dacron rope, p u l l e y  sheaves should have 

diameters of a t  l e a s t  2 i n .  and should have rounded edges i n  order  t o  

avoid overf lexing t h e  rope and c u t t i n g  it. 

It was 

(4) Two-in. nylon pul ley,  modified by an ORNL machine shop s o  as t o  

have a 1- in . - long r a t h e r  than  a 1/2-in.-long bear ing a rea  on i t s  3/16-in. 

s h a f t .  

After  23 hours ,  t h i s  pu l ley  was removed s ince  it was p a i n f u l l y  hot  t o  t h e  

touch and not t u rn ing  on t h e  r e t u r n  s t roke .  

A new braided @-in.  nylon rope with a dacron core was used. 

, 



(5) Two-in. Delr in  (DuPont) swivel-eye pul ley (Allen-Jervis  Marine, 

Inc., Hicksvi l le ,  New York), with 3/16-in. s t a i n l e s s  s t e e l  sha f t  having a 

1/2-in.-long bear ing area. 

because t h e r e  was not q u i t e  enough clearance around i t s  s h a f t )  but l a t e r  

ran  cool and gave exce l len t  se rv ice  f o r  a t o t a l  of 324 hours. It showed 

a f i n a l  clearance of about 0.03 i n .  around i t s  s h a f t  and appeared good f o r  

hundreds of hours more use.  

This pu l ley  r an  hot  at f i r s t  (apparent ly  

( 6 )  Specia l  3 - in .  pu l ley  made by an ORNL machine shop with a sheave 

of machined Nylatron GS-M (nylon with MoS2 lub r i can t ,  by Polymer Corp.). 

The s t e e l  sha f t  was 0.500 i n . ,  with t h e  bear ing sur face  0.75-in. long. 

Surpris ingly,  t h i s  pu l ley  ran pa in fu l ly  hot  from t h e  s ta r t  and was removed 

a f t e r  only 103 hours, because it was binding aga ins t  i t s  s ides .  

rope continued t o  be i n  good condition. 

The 1/4- in .  

( 7 )  Two-in. nylon pul ley,  with same rope as before .  It was i n  good 

condi t ion a f t e r  4 1  hours, ai  t h e  end of all t e s t i n g .  

Connection of t h e  Pull-Cord t o  t h e  Pump Frame -- -- 
Simply ty ing  e i t h e r  a 1/8-in.  o r  a 3/16-in. braided nylon pul l -cord t o  

t h e  c e n t r a l  oak s t i c k  of t h e  frame r e s u l t s  i n  a connection (as ind ica ted  

by two t e s t s )  which lasts about 24 hours before wearing through. 

would c o n s t i t u t e  no p a r t i c u l a r  problem fo r  manual operat ions.  

This 

A connection which l a s t e d  f o r  near ly  1000 hours, and appeared l i k e l y  

t o  las t  s eve ra l  thousand, was made with a s p e c i a l  c l ev i s .  This c l ev i s  had 

a 3/16-in.  s t e e l  p in  which f i t t e d  t i g h t l y  i n  the  hole  through t h e  oak center  

s t i c k ,  3 / 8  i n .  from i t s  inner face .  

t h i s  c l ev i s  p in  was wired t o  prevent any r o t a t i o n  of t h e  p in  i n  t h e  hole  i n  

t h e  oak s t i c k . )  

t h e  c l ev i s  was 1-3/4 in . ,  and t h e  c l ev i s  was 1/8 i n .  wider than t h e  oak 

center  s t i c k .  This c l ev i s  was conveniently connected t o  t h e  end of t h e  

pul l -cord with a snap hook. 

(The c o t t e r  p in  through t h e  end of 

The d is tance  from t h e  c l ev i s  p in  t o  t h e  U-shaped end of 



IV- HOME-WORKSHOP MODEL PUMPS 

,*- 

These mechanized d u r a b i l i t y  t e s t s  i nd ica t e  t h a t  mechanically simila-r, 

but simpler, models--which could be made more e a s i l y  i n  a home workshop-- 

would a l s o  be serv iceable ,  FFgure 6 i l l u s t r a t e s  some d e t a i l s  of one such 

des ign. 

Frame 

The frame can r e a d i l y  be made l i k e  a narrow windowscreen frame of 

3/4-in. l m b e r ,  except t h a t  a v e r t i c a l  c e n t r a l  s t i c k  (3/4-x-l-in.  ) should 

be added. So t h a t  t h e  frame w i l l  swing back f a r t h e r  d u r i n g , i t s  r e t u r n  

s t roke,  an equal weight of metal  o r  wood should be connected t o  t h e  frame 

a f t e r  t h e  pump i s  otherwise completed. 

wood frame. 

I n  Fig.  6, metal  i s  taped t o  t h e  

Pivot Wires -- 
For t h e  wires which serve as p ivots  f o r  t he  f lap-valves ,  s t ra ightened  

coat-hanger wires can be s tap led  t o  the  inner face  of t he  swinging frame 

and t h e  c e n t r a l  v e r t i c a l  s t i c k .  , 

Stop ,Wires 

To s top  t h e  f lap-valves  when they  reach t h e i r  closed pos i t ions ,  t h i n  

wires or s t r i n g s  can be f ixed  t o  t h e  inner  face  of t h e  frame about 3/4 t o  

1 in .  apar t  and p a r a l l e l  t o  the pivot  wires.  

Flap-Valves 

Ordinary polyethylene film, preferab ly  4- t o  6-mils th i ck ,  can be 

used as previously described, with care being given t o  t h e  reinforcements 

(not shown i n  Fig. 6) of ends and cut  edges. Many other  common household 

mater ia ls  can be used successful ly ,  such as coated f a b r i c  t ab lec lo ths ,  

ra incoats ,  or even t i g h t l y  woven c lo th .  Sewing t h e  hinge-hem i s  usual ly  

bes t ,  but  tap ing  (preferab ly  with a waterproof tape)  of ten serves  wel l  i f  

long s torage i s  not involved. 

-- 

I’ 
. -  



r 
? - 

Fig. 6. Deta i l s  of a Funkah-Pump Which Could be Eas i ly  Constructed i n  Home Workshops. Flap- 
valves  a r e  of ordinary 4 - m i l  polyethylene with taped hinge-wire hems. 
of t h e  pendulum-like r e t u r n  swing, a s t e e l  bar  i s  taped onto t h e  back of  t h e  frame. 

To increase  t h e  amplitude 
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Hinges 

If door hinges a r e  not ava i lab le ,  l e a t h e r  or f a b r i c  s t r a p  hinges w i l l  

serve i f  more than  3/$-in. clearance i s  provided between t h e  swinging frame 

and t h e  doorway o r  "wings" within which it swings. 

Pu l l  -Cord 

If a pul ley  cannot be obtained, t h e  pul l -cord which i s  connected t o  

t h e  center  v e r t i c a l  s t i c k  of t h e  frame can be run over a smooth greased 

groove cu t  i n  a piece of wood. However, a s t r a i g h t  p u l l  i s  more e f f i c i e n t ,  

p referab ly  through a l a r g e  guide-hole, which helps t h e  operator always t o  
p u l l  t h e  pul l -cord i n  t h e  proper l i n e .  

V. CONCLUSIONS AND mCOMMENDATIONS 

1. Punkah-pumps of t h e  type  t e s t e d  i n  t h i s  program probably w i l l  

l a s t  f o r  1000 hours or  more of manual operation. However, l i k e  any manual 

s h e l t e r  v e n t i l a t i n g  pump upon which the  l i v e s  of many people may depend, 

punkah-pumps should be subjec ted  t o  r e a l i s t i c  t e s t i n g ,  powered by average 

people during a s h e l t e r  t e s t  of more than two weeks durat ion.  Even though 

an i n i t i a l  s h e l t e r i n g  per iod might end a f t e r  two weeks, s h e l t e r  occupants 

would o f t en  f ind  it advantageous t o  reduce t h e i r  r a d i a t i o n  exposure by using 

wel l -vent i la ted  s h e l t e r s  f o r  barracks f o r  considerably longer per iods.  

2.  I n  order f o r  average c i t i z e n s  during an e sca l a t ing  c r i s i s  t o  be 

b e t t e r  ab le  t o  bu i ld  punkah-pumps, improved bui ld ing  in s t ruc t ions  should 

be prepared. This can bes t  be done by giving wr i t t en  in s t ruc t ions  t o  , 

average home workshop owners who have never heard of such pumps and by 

having them use l o c a l l y  obtainable  mater ia l s  t o  bui ld  punkah-pumps . 
pump-building in s t ruc t ions  can be checked and improved u n t i l  they  a r e  

proven p r a c t i c a l  means f o r  enabling average people t o  bu i ld  serv iceable  

Pumps * 

Thus, 
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