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Biochemical  r eac to r s  ( fermenta t ion  units) a r e  a cha r ac t e r i s t i c  kind of equipment  for  microbio logica l  
p r o c e s s e s .  The volume of fe rmenta t ion  units in the medical  indus t ry  is 50-100 m 3, and the volume of f e r -  
mentat ion units for  the product ion of feed yeas t s  ranges  up to 1300 m 3. In industr ia l  f e rmenta t ion  units of 
var ious  des igns ,  s t r e a m s  of liquid and gas phases  c i rcu la te ,  fo rming  complex  s y s t e m s  of c i rcu la t ion  c i r -  
cui ts .  F igure  1 shows a d i a g r a m  of the m a t e r i a l  s t r e a m s  which is typical  of many fe rmenta t ion  units.  Three  
zones d i f fer ing in functional purpose  and de te rmin ing  the overa l l  reac t ion  volume of the unit can be isolated 
in the d i ag ram.  

In zone I ,  the fed a i r  Qg is d i spe r sed  and mixed with the liquid c i rcu la t ion  s t r e a m  Q [ ;  which contains 
the rec i rcu la t ion  s t r e a m  of spent a i r  Qr" This zone is cha r ac t e r i z ed  by the ene rgy  Nmi expended by the 
mechanica l  d i spe r s ing  device  or  je t  m i x e r s  fo r  d i spe r s ion  of the phases  using the energy  of the liquid or  gas 
s t r e a m .  During s imul taneous  throt t l ing of the liquid and gas s t r e a m s  through jet  m i x e r s ,  the determining" 
p a r a m e t e r  of the mixing zone is its p r e s s u r e  drop  APmi .  

In zone II,  m a s s  t r a n s f e r  occurs  between the d i spe r sed  gas phase  and the suspension of m i c r o o r g a n i s m s .  
This zone const i tutes  a l a rge  pa r t  of the reac t ion  volume of the fe rmenta t ion  unit. To prevent  coa lescence  of 
the gas bubbles in this zone, ene rgy  N t is expended for  s t r e a m  turbul izat ion,  which is introduced by mixing 
devices  d is t r ibuted with r e spec t  to volume or  by a r r a n g e m e n t  of va r ious  t u rbu l i ze r s  on the path of the gas - 
liquid s t r e a m .  In the l a t t e r  c a se ,  the de te rmin ing  p a r a m e t e r  of the reac t ion  zone is its p r e s s u r e  d rop  APt. 

In zone HI, the spent  a i r  is s epa ra ted .  The g a s - l i q u i d  emuls ion  can be sepa ra ted  w i t h v a r i o u s m e e h a n -  
ical  foam s u p p r e s s o r s  o r  devices  with natural  foam s u p p r e s s o r s  o r  devices  with natural  foam breaking  not 
requi r ing  additional ene rgy  expendi tures .  

A s t ruc tu ra l  d i ag r am  of the fe rmenta t ion  unit ensur ing  c i rcu la t ion  of the s t r e a m s  of the liquid and gas 
phases  is shown in Fig. 2. F igure  3a, shows a d i a g r a m  of a fe rmenta t ion  unit which provides  for  the use  of 
mechanical  mixing with energ ies  in the mixing zone Nmi , r eac t ion  zone Nr,  and sepa ra t ion  zone N s. F igure  
3b shows a fe rmenta t ion  unit which provides  fo r  the use  of only the energ ies  of the s t r e a m s  of the liquid N n 
and gas N k phases  in all  the zones of the unit. 

In the d i a g r a m s  of the units shown in Fig. 3, pumps and c o m p r e s s o r s  a r e  used for  t r a n s p o r t  of liquid 
and gas ,  a mechanica l  o r  jet  m i x e r  is used for  mixing of liquid and gas ,  mixing devices  o r  grid flow tu rbu l i ze r s  
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Fig. 1 Fig. 2 
Fig. 1. D i ag ram  of the s t r e a m s  in the fe rmenta t ion  unit: Qg) 
gas s t r e a m ;  Ql) liquid c i rcu la t ion  s t r e a m ;  Qr) gas c i r c u l a -  
tion s t r e a m  ca r r i ed  away by the liquid. 

Fig. 2. S t ruc tura l  d i a g r a m  of the fe rmenta t ion  unit: 1) pump; 
2) mixer ;  3) c o m p r e s s o r ;  4) r eac to r ;  5) s e p a r a t o r .  
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Fig. 3. Diagram of a fermentat ion 
unit with mechanical  devices (a) and 
with jet devices (b). 

a re  used for flow turbulization in the react ion zone, and a centrifugal plate sepa ra to r  or  cyclone is used for 
separat ion of the gas phase. Since in these units the operating conditions of individual components can be cho-  
sen independently and technically improved equipment (pumps and compressors )  can be used, the problem of 
optimal design of the unit for  a specific process  is simplified. 

At the same t ime,  new components combining severa l  functions can be included in the fermentat ion units. 
Thus, many technical decisions are  directed toward excluding pumps or  compre s so r s .  Instead of pumps, in- 
jec tors  and a i r - l i f t  devices a re  used as the devices for  creat ing the liquid flow rate ,  and instead of a c o m p r e s -  
sor ,  rotating orf ixed e jectors  are  used. In addition, s t r eams  are  mixed in injectors and e jec tors .  Various 

mixing devices or  jet mixing is used for turbulization of the medium in the reaction volume. Combining severa l  
functions in one component leads to simplification of the designs of the units, eas ie r  servicing,  and reduced 
capital expenditures,  but s imultaneously complicates  the problem of design optimization. Many new compo- 
nents per forming various functions s imultaneously have low hydromechanical  indexes. 

Since existing designs of industrial  fermentat ion units a re ,  to some degree,  variants of the units whose 
d iagrams a re  shown in Figs.  2 and 3, it seems appropriate  to find the optimal variant  of such a d iagram for 
a specific microbiological  p rocess .  

We can take as one of the par t icu lar  c r i t e r i a  for optimality of fermentation units the overal l  energy ex- 
penditures f o r  oxygen absorption with an identical preassigned specific ra te  of oxygen absorption M. 

For  the unit shown in Fig. 3b, the overal l  specific rate of oxygen absorption M is determined by two com-  
ponents: the rates of oxygen consumption in the react ion zone and the separat ion zone. The problem of optimal 
design in the considered case  amounts to determining the design and technological parameters  of the unit. The 
design pa ramete r s  are  the height of the react ion zone H r ,  the geometr ic  volume of the separat ion zone vg,  and 
the geometr ic  volume of the react ion zone vg.  These pa ramete r s  and also the p res su re  drops in the mixing and 

r 
react ion zones must be determined f rom the conditions of the minimum value of the specific power N for  a given 
rate of oxygen absorption in a unit of geometr ic  volume of the fermentation unit: 

N = f  ( f i r ,  Vrg, Vsg, APs' Apt. Hs Q~, qg {~, ~, Mr), (1) 

where M r is the rate of microbiological  oxygen consumption,  kg O2/(m3"h); H s is the height of the separat ion 
zone, m; o is the coefficient of surface tension of the medium, dyn /cm;  v is the coefficient of kinematic v i s -  
cosi ty  of the medium, cm2/sec .  

The indicated pa ramete r s  should be determined by taking into account the relations descr ibing hydro-  
dynamic and m a s s - t r a n s f e r  p rocesses  which occur  in individual interrelated components of the unit. These 

relations a re  general ly  known [1-3]. 

One of the important  problems is the choice of the corre la t ion  of the rates  of diffusion and biochemical 
reactions in fermentat ion units. In the react ive  zone of industrial fermentat ion units, it is economical ly ap- 
propriate  to c a r r y  out the p rocesses  in the near - t rans i t ion  region. In this case ,  the process  will occur  in the 
diffusion region in the separat ion zone. 

Beginning with a specific low value of the concentrat ion of dissolved oxygen Cod, the rate of microbio log-  
ical oxygen consumption M r depends on the z e r o - o r d e r  react ion rate and on the concentrat ion S of the oxidized 

substrate;  

M r = b X  ~ (C, S), (2) 

where b is the oxygen consumption for  formation of a unit of biomass;  X is the biomass  concentrat ion,  kg/m3; 
p is the coeffic lent of the specific growth rate of mic roo rgan i sms ,  h -1 . 
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The value of M r is found f rom the condition of the minimum of the specific power N~ and cor re la t ion  (2) 
is used to determine the pa ramete r s  X and 8 of the corresponding technological conditions. 

In solving the problem of optimal design of units for  cultivation of mic roorgan i sms ,  it is necessa ry  to 
usenot  on1-the hydrodynamic charac te r i s t i cs  of the process  taking into account the s t ruc ture  of the s t r eams  of 
the gas and liquid phases,  but also the kinetic charac te r i s t i cs  taking into account the nonsteady-sta te  nature of 
the cultivation conditions [4]. The effect of the nonsteady-s ta te  nature of the cultivation conditions on the 
growth of microorgan isms  was investigated previously p r imar i ly  with pulsed influences on the s teady-s ta te  
process .  Under such conditions, mic roorgan isms  cannot adapt to periodical ly changing environmental  condi- 
tions during prolonged cultivation. Therefore ,  methods for  investigating processes  for  the cultivation of mi -  
c roorgan i sms  under prolonged nonsteady-s ta te  conditions and a mathematical  descr ipt ion of these processes  
were developed. ~Fne cultivation of Saecharomyces  eerevis iae  yeast  under discont inuous-aerat ion conditions 
was investigated as an example. As a result ,  the effect of continuation of intensive growth of yeast  af ter  rapid 
transi t ion f rom aerobic cultivation conditions to anaerobic ones was revealed. To explain this effect, the most  
probable hypothesis seems to be that of the formation in the cells of a significant amount of intermediate oxida- 
tion products at period r 1 of the aerobic-grm~r phase and their  consumption in the anaerobic phase at period %. 

The change in the growth rate of the microorganisms  in going f rom s teady-s ta te  conditions to nonsteady- 
state ones can be taken into account with the nonsteady-sta te  coefficient 

Tt __~ [ 1--exp (--a, %)] [ 1--exp (--a~ r2)], {3) 
~1 - -  vl + % ~- r, ~2 1--exp (--a, rl--a2 re) 

where c h , ol2, and c~ a a re  coefficients determined experimentally.  

In solving the problem of optimization of the unit for  cultivation of mic roorgan i sms ,  it is neces sa ry  to 
consider  s imultaneously the nonsteady-sta te  nature of hydrodynamic and m a s s - t r a n s f e r  p rocesses  in 1argo- 
capaci ty fermentat ion units and the cell growlh kinetics. 

For  a fermentat ion unit with a large separat ion zone, it is possible to determine the residence t ime of 
the biomass circulat ing in the circui t  under aerobic and anaerobic conditions. 

Vr (4) 
r 1 ~ - -  . 

Q 1  ' 

Vs 
. ~  _ _  (5) 

Oz 

The consumption of oxygen dissolved in the liquid occurs primarily in the reaction zone; the rate of its 

consumption in this zone is higher than the average rate for the entire unit, and it can be determined from the 

correlation 

Mr=bXp,  (S, C, rl, " c . 2 ) -  
r 1 -~  r 2 

r i  

which, by taking into account dependence (3), assumes  the form 

(6) 

Mr=bXq~t (S, C) rl+*---~A-~ (7) 
1:1 

It should be noted that the s h o r t - t e r m  increase  in the rate of absorption of oxygen by the microorganism 
suspension may be significant in compar ison with the average rate. 

In experiments  for  cultivation of S a c c h ~  eerevis iae  at r l  = 0.15 rain and r~ = 3 rain, the 
average rate of oxygen absorption was 2 ~ g ~  O2/(ma.h), under  aerobic conditions, 20 kg O2/(na.h). 

Thus, the problem of optimal design of the fermentation unit can be reduced to finding the equipment and 
technological pa ramete r s  f rom the condition of the minimum value of the specific power N according to c o r r e -  
lation (1) taking into account dependences (3)-..(5) and (7). 

According to dependence (7) for nonsteady-s ta te  conditions of cultivation of mic roorgan i sms ,  it is pos-  
sible to increase  significantly the volume of the nonaerated separat ion zone without a significant dec rease  in 
the average growth rate of the ceils,  with the rate of oxygen consumption in the react ion zone increas ing just 
as many t imes.  

The considered characteristic of microorganisms to adapt to nonsteady-state aeration conditions makes it 

pos sible to obtain satisfactory productivity of fermentation units with insufficiently uniform 8 eration and mixing. 
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C o n t e m p o r a r y  methods of dr i l l ing oil and gas wells p r e sen t  increased  demands  on pumping equipment ,  
the main ones of which a r e  for  inc reased  p r e s s u r e  and power.  To achieve h igher  p r e s s u r e s  in exist ing well 
pumps would requ i re  increas ing  the i r  weight,  overa l l  d imens ions ,  and dr ive  motor  power.  In addition, in- 
c r ea s ing  the p r e s s u r e  drop  on such removab le  par t s  and components of pumps as p is tons ,  va lves ,  s l eeves ,  
e t c . ,  s ignif icant ly reduces  the i r  s e r v i c e  life.  

One method of increas ing  the pumping equipment  p r e s s u r e  is to use  two or  m o r e  rec iproca t ing  pumps 
connected in s e r i e s  s y s t e m  designed to divide the p r e s s u r e  drop and power between them.  However ,  in p r a c -  
t ice  this pr inciple  can only be accompl ished  using control  devices  which can equalize ideally the input to the 
piston pumps.  In o r d e r  to r e so lve  the question of the usefulness  of such pumping equipment  a spec ia l  inves t i -  
gation has  been ca r r i ed  out in the All-Union Sc ien t i f i c -Resea rch  Insti tute of Pe t ro l eum Engineer ing.  

The invest igat ions were  conducted on a r ig  [1] including two type l l G r  piston pumps connected in s e r i e s  
and fitted with a fas t -ac t ing  pneumatic  s y s t e m  for  control l ing the feed ove r  the ent i re  working range.  The 
p resen t  work  p resen t s  ce r t a in  resu l t s  f r o m  an invest igat ion of the exper imenta l  bas is  for  the poss ib le  use of 
a two-s tage  pneumat ica l ly  control led pumping se t  to d is t r ibute  uni formly  the p r e s s u r e  drop and power  between 
piston pumps ,  de te rmin ing  the pump and overa l l  unit eff ic iencies  and the p r e s s u r e  fluctuations in var ious 
chambe r s  of the equipment  in s e r i e s  pump operat ion.  

During tes t ing,  the f i r s t  pump s tage of the exper imenta l  equipment  was fitted with s tandard  9 0 - m m -  
d i a m e t e r  cy l inder  s l eeves  and pis tons ,  while the second s tage  was fitted with 8 0 - m m - d i a m e t e r  components .  
The use  in the f i r s t  s tage of l a r g e r - d i a m e t e r  s leeves  and working pistons was due to the need to provide the 
bes t  fi l l ing of the second-s t age  pump cyl inders  under  any working condition. The s leeve  and piston s e p a r a t o r s  
of the pneumatic  con t ro l l e r s  for  the f i r s t  and second pumps we re ,  r e spec t ive ly ,  120 m m  and 100 m m  in d i a m -  
e t e r .  The double-ac t ing  f requency was 100 p e r  rain fo r  both pumps.  P r o c e s s  wa te r  was used as the pumped 
fluid. A typeVK-5 pneumatic  compensa to r  having a useful  gas volume of 5 dm 3 was fitted immedia te ly  before  
the inlet co l lec tor  of the second pump at  the end of the in te rmedia te  piping. F r o m  the conditions of conducting 
the expe r imen t s  designed to achieve un i form power  and p r e s s u r e  d rop  between the pumping s tages ,  the gas 
p r e s s u r e s  in the pneumatic  s y s t e m s  of the f i r s t  and second s tages  we re  in the ra t io  1:2 and were  ass igned as 
follows: 2 and 4; 2.5 and 5; 3 and 6 MPa.  

The following p a r a m e t e r s  were  de te rmined  during the exper iments :  pump inlet and outlet  p r e s s u r e s ;  
p r e s s u r e s  in the working cham be r s  of the pumps;  gas p r e s s u r e s  in the pump pneumatic  s y s t e m s ;  gas p r e s -  
su re  in the pneumatic  compensa to r  at the inlet to the second pump; pump feed ra te ;  indications of the dead 
points of the piston pumps;  power  and cu r r en t  fo r  the e lec t r i c  mo to r s  of both pumps.  The mean  p r e s s u r e s  
we re  measu red  by a c lass  0.2 m a n o m e t e r .  In addition to th is ,  during the exper iments  osc i l lograph r e c o r d -  
ings were  made of the p r e s s u r e s  s ta ted as well as the power  and cu r ren t  to the pump e lec t r i c  moto r s .  

The p r e s s u r e s  were  de te rmined  by means  of type TDD-2-NATI  s t r a in  gauge t r a n s m i t t e r s .  The equip-  
ment  used fo r  p r e s s u r e  r ecord ing  cons is ted  of two type 8ANCh-7M 8-channel  ampl i f i e r s  and two type K-115 
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