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Gear pumps are one of the most widely applied ro ta ry  pumps and are used in many branches of in- 
dustry to pump gasoline, diesel fuel, various oils, petroleum, and other liquids. Gear pumps have a number 
of advantages over  other types of ro tary  pumps: they are  simple in construction,  reliable and have a long 
serv ice  life, are  easy to operate,  can operate at relat ively high speeds,  and are  small  and light in weight. 

Gear pumps are  available with outside and inside meshing gears .  Single stage two ro tor  gear  pumps 
with outside meshing have received the widest acceptance since they have the s implest  construct ion and 
are cheapest to fabricate.  However inside meshing gear  pumps are  more  compact.  

Development of gear  pump design is proceeding along the following lines: increased reliabili ty and 
se rv ice  life of the pumps as a whole and the individual assemblies ;  use of new mater ia ls  of construction; 
development of high head, high speed pumps, controlled throughput, and revers ib le  direction of pumping; 
improving fabrication technology and reducing the costs  of production and operation; and increasing the 
cavitation margin, the  volumetr ic  and mechanical  efficiency. 

A gear  pump with a special  lubricating sys tem for the gear  journals [1] has been developed. The ends 
of three short  journals enter  three corresponding dead-endchambers .  A fourth chamber  is provided around 
the neck of the drive shaft. All four chambers  are  interconnected by passages  in the shafts and chamber  
and with the suction line through a common passage.  A valve is built into the common passage which main-  
tains a cer ta in  p r e s su re  in the chambers .  During p ressu r i zed  operation of the pump the journals are lubr i -  
cated by liquid flowing through the c learances .  A valve is provided connecting the lubricating chambers  
with the discharge line for lubricating the journals when the pump operates  under no load and leakage is 
small .  When pump discharge p re s su re  is low this valve is kept open by a spring and liquid flows through 
it into the lubricating chambers .  The valve closes on increasing p res su re  and lubrication occurs  only due 
to leakage. 

The construct ion of a revers ib le  gear  pump with inside meshing is shown in Fig. 1 [2]. A cylindrical  
floating ring 2 is located in the casing 1. This ring has an eccentr ic  internal bore and a radial slot. Lever  
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Fig. 1. Reversible gear  
pump with inside mesh-  
ing. 

3 is located in this slot. Outer ro to r  4 is mounted in the eccentr ic  ring with 
inner ro tor  5 connected to the drive shaft, located inside 4. Suction and dis-  
charge openings, connected with the corresponding suction and discharge lines, 
are provided in the pump housing which also has two pins 6, located 180 ~ f rom 
each other,  which limit the rotation of the floating ring. Liquid in the spaces 
between the teeth of the ro tors  is moved f rom the suction to the discharge line 
when the rotors  turn. When the direction of shaft rotation is reversed  the 
floating ring rotates in the same direction since it tightly encloses the outer 
ro tor .  The ring turns until the lever  p res ses  on the pin and opens up the split 
floating ring. The rotation of the floating ring changes the location of the ec-  
centr ic  ring relat ive to the suction and discharge openings. This p rese rves  
the direction of liquid flow. 

An original revers ib le  gear  pump [3] is shown in Fig. 2. The two halves 
of the casing 3 and 8 and gears  4 and 10 are fabricated of Derlin plastic by 

Translated f rom Khimicheskoe i Neftyanoe Mashinostroenie,  No. 5, pp. 44-48, May, 1971. 

�9 1971 Consultants Bureau, a division of Plenum Publishing Corporation, 227 West 17th Street, New York, 
N. Y. 10011. All rights reserved. This article cannot be reproduced for any purpose whatsoever without 
permission of the publisher. A copy of this article is available from the publisher for $15.00. 

445 



A-A 
A 

# 3-._._ 

2 f 

--d 
A 

Fig. 2. Plast ic  gear  pump. Fig. 3. Multigear pump. 

press ing  on a casting machine. The diameter  of journals 1, 2, and 9 is 0.3-0.4 of the diameter  of the aver -  
age c i rcumference  of the gears .  The large bearing surface allows the casing to have equal wall thickness 
throughout which results  in uniform s t ress  distribution and effective heat removal  f rom the rubbing s u r -  
faces. Lead gear  4 is rotated by the d r iver  through shaft 7 which rotates in sliding bearing 5 and is sealed 
in the casing by sleeve 6. Liquid is supplied and discharged f rom the casing of the pump along channels 12 
and 14. Openings 11 and 13 are provided between the gear  teeth which supply pumped liquid to the support 
surfaces  under p ressure .  The construct ion of the pump is simple and compact.  

A gear  pump with double walled casing construct ion [4], designed for pumping cor ros ive  liquids, is 
noteworthy. The internals of the casing in contact with the liquid are fabricated of cor ros ion  res is tant  
metals (stainless steel,  titanium, tantalum) or  porcelain and are  simple in shape. The inner parts  are 
p ressed  tightly together by the outer casing parts  which are bolted. The suction and discharge nozzles are ce-  
mented to the outer casing. This cement solution is poured into the annular spaces between the nozzles and the 
outer casing parts  through special openings. Pump construct ion is simple and well engineered. 

The relat ive simplici ty of construct ion and operating reliability of two ro tor  single stage gear  pumps 
is used as a basis for development of various designs of multistage, mul t i rotor  pumps which are compact,  
s imple,  and develop higher heads and have g rea te r  capacity.  

A patented gear  pump for liquid oxygen [5] consists  of two sections separated by a plate. Straight 
tooth drive and driven gears  are  located in the upper section while the lower section has herringbone gears .  
The upper  section supplies liquid f rom its discharge nozzle along a passage to the inlet chamber  of the 
lower section which delivers the liquid to the discharge nozzle.  The upper section does relat ively little 
work, functioning as a prepump, so that the liquid is not heated up significantly reducing the possibili ty of 
evaporation and cavitation in the bottom section. The high capacity of the bottom section and the small  hold- 
up volume of the connecting passage also help reduce liquid evaporation and cavitation. The capacity of 
this pump, t rans fe r r ing  liquid oxygen at -182~ f rom a tank at 0.35 atm gage p res su re  to a chamber  at 35 
atm gage p ressu re ,  is 14 l i t e r s /min  at a drive shaft speed of 600 rpm. 

A gear  pump with a large solar  gear  and six small  satelli te gears  located in the casing deserves  
mention [6]. The point of contact of each satelli te with the solar  gear  is in effect a separate  pump. A spe-  
cial feature of this design is floating teeth in the so lar  gear  alternating with fixed teeth, all of which are 
fabricated as part  of the gear .  The floating teeth of the so lar  gear  improve the contact between the gear  
and the casing and reduce leakage improving efficiency and the operating p res su re  developed by the pump. 

Figure 3 shows the construct ion of an oil-fil led gear  pump with severa l  intermeshing gears  [7]. Each 
pair  of meshing gears  represents  a small  pump. This design considerably reduces the number  of gears  
required to create  an equal number  of pumping units compared to individual pumps with two gears  each. 

A mult igear pump for del ivery and mixing of viscous liquid [8] is worth mentioning. The casing of 
this pump is formed by three plates. The middle plate is bored for  gear  installation. A central  gear  is 
mounted on the pump shaft. This gear  meshes with four driven gears  located on the axes of the pump. Each 
driven gear  meshes with an auxiliary gear  whose outer c i rcumference  is in contact with the per iphery  of the 
adjacent driven gear .  Liquid is fed to one of the driven gears  and is discharged f rom the adjacent driven 
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Fig.  4. P l ane t a ry  g e a r  pump with l iquid d i s t r ibu t ion  by s l ide  
va lves .  

Fig.  5. Gear  pump with au tomat ica l ly  con t ro l led  capaci ty .  

gea r .  The cav i t ies  formed by the dr ive ,  two dr iven,  and aux i l i a ry  gea r s  a r e  connected by s ide  pas sages  
in the cover  with pockets  between the d r ive  and dr ive  g e a r s .  The liquid thus p a s s e s  in s e r i e s  through all  
the cav i t ies  and pockets  of the pump insur ing  good mixing.  

A patented des ign  of p l ane t a ry  gea r  pump is shown F ig .4  [9]. Four  o r  s ix  s a t e l l i t e  gea r s  and a sun 
g e a r  a re  mounted in the cas ing  of this  pump. The pole is s t a t i ona ry  and the re  is no crown wheel.  The sun 
g e a r  is d r iven  by a shaft  connected to the d r i ve r .  The cy l i nd r i ca l  co l l ec to r  cavi ty  ins ide  the sun gea r  is 
connected to the t roughs  of this  gea r  by rad ia l  p a s s a g e s  s ea l ed  f rom within by bal l  check va lves ,  which a r e  
kept c losed  by a common r ing shaped spr ing ,  or  s l ide  va lves .  During ro ta t ion  of the sun gea r  the volume 
of l iquid in the t rough is c o m p r e s s e d  when both su r f aces  of a tooth of the s a t e l l i t e  touch the c i r c u m f e r e n c e  
of the sun gea r .  Due to the d e c r e a s e  in geome t r i c  volume the excess  liquid is fo rced  out along the rad ia l  
pa s sage  through the check valve  or  gate valve  into the co l l ec to r  cavi ty  of the sun gea r  and into the d i scha rge  
chambe r  of the pump. 

F igure  5 shows the cons t ruc t ion  of a g e a r  pump with outside gea r  meshing.  The capaci ty  of this  pump 
is continuously va r i ab l e  [10]. Drive  2 and dr iven  6 g e a r s  a r e  ins ta l led  in cas ing  1. P is tons  5 and 7 are  
t ightly p r e s s e d  to the dr ive  gea r .  P i s ton  5 is p r e s s e d  to the dr ive  gea r  by sp r ing  4 while the pumped liquid 
p r e s s u r e  p r e s s e s  on pis ton 7. The bloek,  cons is t ing  of the d r ive  g e a r  and p is tons ,  can be d i sp laced  p a r a l -  
lel  to the axis of the d r ive  shaft .  This movement  v a r i e s  the length of g e a r  meshing.  Inc reased  s y s t e m  
p r e s s u r e  reduces  pump capac i ty  by means of p is ton 7. P is ton  5 is d i sp laced  when p r e s s u r e  d e c r e a s e s  in-  
c r e a s i n g  the length of meshing and, the reby ,  pump capac i ty .  Dr ive r  power  r emains  constant .  Stem 3 is 
used  for  manual cont ro l  of the pump. 

Another  v a r i a b l e  capac i ty  pump design has a cas ing cons is t ing  of two ident ica l ly  shaped halves  with 
th ree  gea r s  mounted one above the o ther  [11]. The cas ing  su r rounds  the c i r c u m f e r e n c e  of the upper  and 
lower  g e a r s .  A chamber  for  le t t ing  down in terna l  leakage  is provided  c lose  to the middle  gea r  whose axis 
is  e ccen t r i c a l l y  loca ted  r e l a t i ve  to the o ther  two g e a r s .  Capaci ty is va r i ed  by changing the degree  of e c -  
cen t r i c i t y  of the middle  g e a r  r e i a t i ve  to the o ther  two. A bolt  connecting the two halves  of the casing pa s se s  
through the axis of the middle  gea r .  The force  exe r t ed  in t ightening this bolt  de t e rmines  the s ide c l ea rance  
between the g e a r s  and the housing. This bolt  is also used  to at tach the leve l  which is used to va ry  the p o s i -  
t ion of the middle g e a r .  

There  is another  v a r i a b l e  capac i ty  th ree  gea r  pump [12] which is of i n t e r e s t .  The th ree  g e a r s  a re  
located in a row in machined cav i t i es  in the cas ing.  The middle  gea r  is ins ta l led  on an eccen t r i c  bushing 
with l a rge  gaps r e l a t ive  t o t h e  cas ing  and can be moved f rom one g e a r  to the o ther  within the l imi t s  of m e s h -  
ing. The suct ion and d i s cha rge  openings of the pump a re  loca ted  between the s ide  and middle gea r s .  The 
pump capac i ty  is  ze ro  when the regula t ing  gea r  is in its cen t ra l  posi t ion s ince  the de l ive ry  of the pumps 
formed by the middle and s ide  g e a r s  a re  equal and opposed in d i rec t ion ,  i .e . ,  l iquid flows f rom one gea r  
to another  pass ing  around the middle  g e a r .  When the middle  g e a r  is moved in any d i rec t ion  its meshing 
is i nc reased  with one of the s ide  g e a r s  and d e c r e a s e d  with the other  one. This e i the r  ~ncreases  or  d e c r e a s e s  
the pump throughput.  

A gea r  pump [13] is ava i lab le  which is des igned to mainta in  constant  composi t ion  of two component 
mix tu res  at the suct ion end and constant  d i s cha rge  flow. The pump cons i s t s  of a d r i ve r ,  s tand,  mounting plate  
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Fig. 6. Distr ibutor of a gear  pump designed for pumping two component mix- 
ture of a p rese t  composition. 

Fig. 7. Gear pump with a device to prevent compress ion  of liquid trapped in 
gear  teeth troughs.  

Fig. 8. Gear pump with automatic end c learance compensation. 

with two built-in gears  and dis t r ibutor  with inlet valves,  mixing chamber,  and regulating mechanism in one 
of the intake passages .  All these elements are  connected by bolts. 

In the distr ibutor  (Fig. 6) one of the components of the mixture entering the pump is directed to mixing 
chamber  1 along directional passage 7 while the other flows along passage 6 through opening 3 and passage 
2 of the control mechanism 4. The upperpar t  of the control mechanism is screwed into the dis t r ibutor  
housing. Valve 6 can be part ial ly or  completely closed by turning lever  5 which is rigidly mounted on the 
extension of the control mechanism. This will vary  the quantitative ratio of the components of the mixture 
in the mixing chamber.  Liquid flows to the operating gears  f rom the mixing chamber .  

The liquid is sealed in the trough of the gear  teeth by the tight (without gaps) meshing of the teeth as 
well as the simultaneous meshing of two or  severa l  pairs  of teeth. The volume of liquid confined in the 
trough between teeth decreases  during gear  rotation. Since liquid is relat ively incompressible  this causes 
a sharp increase  in p r e s su re  causing liquid to be p ressured  through the end c learances  to the suction line. 
Increased p re s su re  results  in high loads on the teeth and the support surface of the bear ings.  

When liquid volume in the trough between teeth is decreased the p re s su re  drops with evolution of 
vapors and air  f rom the liquid. Pump capacity is reduced when vapors  and air  enter  the suction chamber.  
Vapors and air  are rapidly compressed  when they enter the discharge result ing in shock waves against the 
teeth of the gears  which often resul ts  in damage to the pump. Special unloading passages  in the side covers  
of the casing, radial borings in the troughs,  axial passages  in the shaft etc.,  are provided to prevent  trapping 
of liquid in the troughs of the teeth. 

A gear  pump [14] has been developed with two nar row grooves cut in the side walls of the casing. One 
of these grooves extends to the opening under the bearing and serves  as the supply route of lubricating 
liquid. The second groove is dead ended. It provides surge volume at the moment when liquid, which is 
confined in the troughs between teeth, is isolated f rom the suction and discharge chambers .  The confined 
volume between the teeth is connected to both grooves at this moment reducing the degree of compress ion  
of the confined liquid. 

Another interesting gear  pump design reduces the noise level during pump operation and the wear rate 
of the gears  [15]. An additional chamber  is provided in the casing cover  at the point of meshing of the 
gears  which rotates together  with the liquid volume confined between the teeth. 

This chamber  acts as a dampener of p re s su re  peaks when liquid volume decreases  and prevents p r e s -  
sure  f rom dropping too rapidly when the confined volume increases .  By eliminating p re s su re  su rges  at the 
point of gear  meshing shock generation, and, consequently, tooth wear  and noise level are  reduced. 
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Fig.  9. Mechanism for r ad ia l  c l e a r a n c e  compensa t ion  in a gea r  pump. 

Fig.  10. Gear  pump with improved  eavi ta t ional  p e r f o r m a n c e .  

Fig. 11. Gear  pump with improved  suction flooding of t roughs of the g e a r  (suction 
and d i scha rge  openings a r e  shaded).  

F igure  7 shows the cons t ruc t ion  of a gea r  pump which e l imina tes  the sharp  i n c r e a s e s  or  d e c r e a s e s  
in l i q u i d p r e s s u r e  in the confined spaces  between meshing teeth [16]. Reces se s  1 a r e  provided in the s ide  
wal ls  of the end d i s c s .  These r e c e s s e s  a r e  contoured to follow meshing l ines  of the g e a r s .  The confined 
space  between the teeth is connected,  at the moment of meshing,  through these  r e c e s s e s  with adjacent  
spaces  which a re  open and a re  connected to the suct ion o r  d i scha rge  chamber s .  

Power  l o s se s  occur  dur ing the opera t ion  of a g e a r  pump which a re  caused by l iquid leaking f rom the 
d i scharge  chamber  to the suct ion chambe r  through the rad ia l  c l ea r ance  between the pump cas ing and the 
t ips  of the gea r  teeth and through the end c l e a r a n c e  between the s ide  wal ls  of the pump cas ing and g e a r  
f aces ,  as well  as a~ong the l ine of contact  of meshing teeth which a re  i n c o r r e c t l y  shaped.  Leakage is r e -  
duced by a t tempts  to min imize  the rad ia l  c l e a r a n c e .  The min imum rad ia l  c l ea r ance  is de te rmined  p r i m a r -  
i ly by the c l e a r a n c e  in the bea r ings ,  t h e i r  axial  misa l ignment ,  and the e c c e n t r i c i t y  of the g e a r s  in the c a s -  
ing. The magnitude of leakage  is p ropor t iona l  to the cube of the c l e a r a n c e  and depends on the l iquid v i s c o s -  
ity, the ve loc i ty  of movement  of the t ips  of the gea r  teeth r e l a t i ve  to the plane of the pump cas ing  and the 
p r e s s u r e  grad ien t .  Liquid leakage  is p r a c t i c a l l y  nil  along the l ine of meshing contact  if g e a r s  a re  f a b r i -  
ca ted in accordance  with high quali ty s t anda rds .  

Liquid leakage  through end c l e a r a n c e s  is s e v e r a l  t imes  l a r g e r  than through rad ia l  c l e a r a n c e s .  This 
is due to r e s i s t a n c e  to liquid flow which is p r e s e n t  in the rad ia l  c l e a r a n c e s  between the su r face  of the teeth 
and the cas ing  during g e a r  ro ta t ion ,  while gea r  ro ta t ion  cont r ibu tes  to l iquid leakage through the end c l e a r -  
ances in the d i rec t ion  of rota t ion.  The re fo re  to achieve a high vo lumet r i c  eff ic iency for  a g e a r  pump it is 
n e c e s s a r y  to min imize  end c l e a r a n c e s  by designing for  high p r e s s u r e s  with f lexible  end walls  which a re  
p r e s s e d  toward  the face of the g e a r s  by the l iquid p r e s s u r e  (hydraulic compensa t ion  for  end c l e a r a nces  ) . 

F igure  8 shows a p roposed  pump design with automat ic  end sea l ing  of the g e a r s .  The shafts  of the 
g e a r s  in this pump a re  ins ta l led  in cas ing  1 and cover  2 on kni fe-edge  bea r ings  3 [17]. End d i scs  4 a r e  
loca ted  in  machined cav i t i es  in the cas ing  whose d i a m e t e r  is somewhat  l a r g e r  than that for  ins ta l l a t ion  of 
the g e a r s .  There  is a sma l l  c l ea r ance  between the wal ls  of the g e a r s  and the d i scs .  A deep curved groove 
is provided  in the r e a r  wall of each d isc .  During pump opera t ion  the liquid is fed f rom the d i scha rge  zone 
to the chambe r  between the cove r  and the d i scs  through four holes .  

The d i scs  a re  def lec ted  and touch the wal ls  of the g e a r s  under  liquid p r e s s u r e  acting on the bot tom of 
the curved p a s s a g e s .  This achieves  hydraul ic  compensa t ion  of wall  c l e a r a n c e s .  The d i scs  r e tu rn  to t h e i r  
in i t ia l  posi t ion when the pump is unloaded or  s topped due to the e l a s t i c i t y  of the disc  m a t e r i a l .  

A p roposed  pump des ign has the g e a r s  a t tached to shafts  ins ta l led  in thin bushings in the covers  of the 
cas ing  [18]. Hydraul ic  compensa t ion  of wall  c l e a r a n c e s  is effected by opening up a compos i te  oval disc 
which is f abr ica ted  of th ree  s t amped  p la tes .  These p la tes  a re  b r a z e d  toge ther  with hard  so lde r  along the i r  
outer  p e r i p h e r y  and a re  c lamped between the cas ing  and cover .  Eight contoured openings a re  s t amped  in 
the middle p l a t e .  This c r e a t e s  a chamber  into which the opera t ing  l iquid is fed. 
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One of the cen t ra l  t r i angu l a r  chambers  is connected to the d i scharge  zone while the second is con-  
nected to the suction zone by holes  in the pla te  which is adjacent  to the wal ls  of the g e a r s .  Pumped Hquid 
is suppl ied,  under  p r e s s u r e ,  to each of the s ix  curved chambers  f rom the gap between the teeth of the d r ive  
o r  dr iven  gear .  Dis t r ibut ion  of l iquid p r e s s u r e  which p r e s s e s  the inner  plate  to the gea r s  is effected by 
app rop r i a t e  locat ion of the chamber s  and se lec t ion  of d i a m e t e r s  of the supply holes .  This d i s t r ibu t ion  c o r -  
responds  to the p r e s s u r e  d i s t r ibu t ion  on the p la te  which is caused f rom the gea r  s ide  by p r e s s u r e  va r i a t ion  
in the t roughs of the g e a r s .  This cons t ruc t ion  au tomat ica l ly  achieves  the r equ i r ed  magnitude and d i s t r i b u -  
t ion of forces  adjust ing the p la tes  for  any va r ia t ion  in p r e s s u r e  grad ien t  in the t roughs between the teeth 
which can occur  as a r e su l t  of changes in the opera t ing  condit ions of the pump or  the p r e s e n c e  of a l a rge  
amount of a i r .  

One ve r s i on  of the compos i te  oval d isc  design has two inner  c h a m b e r s ,  one of which is connected to 
the suct ion zone by an opening while the second is connected to the d i scha rge  zone and a number  of t roughs 
between the teeth of the g e a r s .  In another  ve r s ion  the disc  has only one common inner  chamber  for  hyd rau -  
l ic  compensat ion  of wall  c l e a r a n c e s .  

Hydraul ic  compensa t ion  of wall  c l e a r a n c e s  can a lso  be achieved by the use  of two floating bushings 
which a r e  p r e s s e d  to the faces  of the g e a r s  by liquid p r e s s u r e  suppl ied f rom the d i s cha rge  s ide  of the pump. 
When the  pump opera tes  with ze ro  p r e s s u r e  the bushings a r e  p r e s s e d  to the g e a r s  by sp r ings .  Since the 
p r e s s u r e s  in the zones of the wall c l e a r ance s  f rom the s ide  of the gea r s  adjacent  to the d i scha rge  and s u c -  
tion chamber s  a r e  different ,  misa l ignment  and uneven wear ,  and, s o m e t i m e s ,  se iz ing  of the bushings and 
g e a r s  can occur  with s y m m e t r i c a l  p r e s s i n g  of the f loating bushings to the g e a r s .  The re fo re  the a r e a  of 
ad jus tment  of the bushing must  be d i sp laced  f rom the cen t e r  of the bushing in the d i rec t ion  of the d i scharge  
chamber  of the pump. 

Float ing bushings with c i r c u l a r  p ro jec t ions  located eccen t r i c a l l y  with r e s pe c t  to the axes of the gea r s  
have been proposed  [19]. The ends of these  p ro jec t ions  a r e  under  suct ion p r e s s u r e  while the r ema in ing  wall  
su r face  of the bushings a r e  under  d i scha rge  p r e s s u r e .  The eccen t r i c i ty  and d imens ions  of the p ro jec t ions  
a r e  se lec ted  so that liquid p r e s s u r e  on the bushings f rom the gea r  s ide  is  ba lanced.  

A g e a r  pump has been patented which has a device  bui l t  into the cas ing  which l imi t s  the i n c r e a s e  in 
rad ia l  c l e a r a n c e s  under  opera t ing  p r e s s u r e .  The middle  sec t ion  of the cas ing ,  in which the g e a r s  ro ta te ,  
cons i s t s  of two (inner and outer) pa r t s  which a r e  c lose  fi t ted. A na r row annular  gap is p rovided  in the outer  
pa r t .  P r e s s u r e  f rom the d i scha rge  l ine is appl ied to this  gap c o m p r e s s i n g  the inner  pa r t  during opera t ion .  
Another  ve r s i on  has a s ingle  p iece  casing;  n a r r o w  c r e s c e n t - s h a p e d  g rooves  a r e  provided  under  the g e a r s  
in the machined cavi ty  along the p e r i p h e r y  to the suct ion por t .  These grooves  a r e  connected to the d i s -  
cha rge  l ine.  The p r e s s u r e  appl ied to the g rooves  c o m p r e s s e s  the middle  pa r t  of the cas ing  prevent ing  its 
expansion and reducing r ad ia l  c l e a r a n c e s  [20]. 

A device has been developed to regula te  the rad ia l  c l ea r ance  in g e a r  pumps [21]. The pump cas ing  
(Fig. 9) has two cy l indr i ca l  openings in which pis tons  4 a r e  inse r ted .  The d i a m e t e r s  of these  p is tons  a r e  
l a r g e r  than the width of the g e a r s .  The concave sur face  of the pis ton is under  pump d i scha rge  p r e s s u r e .  
Liquid en te rs  chambe r  1 through an opening in the p is ton and then en te rs  an overf low line through a t h r o t -  
t l ing opening. The s ize  of the opening is cont ro l led  by s c r e w  2. Discharge  p r e s s u r e  act ing on the concave 
su r face  t r i e s  to move the pis ton to the left .  This force  is counterac ted  by sp r ing  3 and the effect  of lower  
p r e s s u r e  in chamber  1 on the left  end of the pis ton.  The c l ea r ance  is cont ro l led  au tomat ica l ly :  if the piston 
moves to the left  of the e s t ab l i shed  posi t ion the a r e a  of the throt t l ing  opening is reduced  inc rea s ing  p r e s -  
su re  in chamber  3 and the p is ton moves to the r ight;  when the pis ton is d i sp laced  to the r ight  the a r e a  of 
the thro t t l ing  opening is i n c r e a s e d  reducing p r e s s u r e  acting on the left  face of the p is ton and the pis ton 
moves to the left .  

It is n e c e s s a r y  to reduce suct ion l o s se s  and to ensure  that the t roughs of the g e a r s  a r e  flooded with 
liquid for a gea r  pump to opera te  without cavi tat ion.  Centr ifugal  fo rces ,  act ing on the l iquid 'in the t roughs 
of the g e a r s ,  impede the flooding of the t roughs s ince  l iquid en te r s  the ro ta t ing gea r  at a reduced p r e s s u r e  
moving f rom the p e r i p h e r y  to the cen te r ,  i .e . ,  in the opposi te  d i rec t ion  to the effect of cent r i fugal  force .  
This  l im i t s  the al lowable ro ta t iona l  ve loc i ty  of the g e a r s  of the pump which is undes i r ab l e  s ince  h igher  speeds  
i n c r e a s e  the capaci ty  reducing the s i ze  and weight of the pump. A min imum g e a r  ro ta t ional  speed of 300 
r p m  is r ecommended  s ince  vo lume t r i c  eff iciency drops  off ve ry  rap id ly  below this  speed.  

Flooding of the t roughs between the teeth is improved  if a converging inlet  nozzle  and a d i f fuser  type 
d i scharge  nozzle  a r e  used.  The contact  angle between the g e a r s  and the cas ing  cavi ty  su r face  i n c r e a s e s  
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if liquid is supplied to the gears  and withdrawn f rom them along passages  in the form of nar row grooves.  
By using a converging inlet nozzle the shape of the s t r eam at the gear  inIet is improved, the flooding of the 
gear  troughs is increased,  air  contained in the pumped liquid is uniformly distributed between the two gears ,  
and the power loss due to shock on entry into the r ecesses  of the gears  is reduced. These features ,  de- 
scr ibed in a US patent [22], increased the absolute p r e s su re  at the pump inlet f rom 100 to 700 mm Hg. 

It has been proposed to improve cavitational per formance  of gear  pumps by building special  shaped 
suction chambers  1 and 2 (Fig. 10) in the side covers  of the casing (shown shaded in Fig. 10). The c r o s s -  
sectional a rea  of the chamber  decreased in the direction of gear  rotation. Flooding of the troughs between 
the teeth is improved by the action of centrifugal force on the liquid [23]. 

Gear pumps which can utilize centrifugal force are of great  interest .  Liquid is supplied in these 
pumps in a direct ion f rom the axis to the per iphery,  i.e., in the direction of centrifugal forces .  Special 
nozzles are  cut i:a the teeth on the side of the liquid inlet to the gears .  The meshing edges of the teeth are  
not cut and are  shaped like vanes.  The vanes increase  the head and improve suction capabilit ies of the 
pump during gear  rotation. Therefore  centrifugal forces  help, ra ther  than impede, the flooding of the 
troughs between the teeth [24]. 

The cavitational pe r formance  of a high speed gear  pump can be improved by making the suction cham- 
bers  in the side covers  of the casing in the shape of a bent wedge. The wide section of the wedge ensures  
free passage of liquid to the zone where the teeth are  just beginning to separate  while the vertex,  located 
on the radius of the troughs of the teeth, se rves  for replenishing liquid which leaves the spaces between the 
teeth under centrigugal force [25]. 

Figure 11 shows the construct ion of a gear  pump with casing constructed so that the suction opening 
is located close to the point of meshing of the gears  while the outlet opening is located on the opposite side. 
Passages  4 are  provided in the teeth of one or  both gears  2 and 3. These channels are  inclined in the di-  
rect ion of the suction opening 1 located in the end cover  of the casing. One end of passage 4 is located in 
the middle at the base of the tooth while the other  is at the side surface of the tooth. These passages  are 
connected to the liquid inlet opening before the space between the teeth of the gear  which contributes to 
complete flooding of this volume removing the possibili ty of cavitation [26]. 
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