4. S. PALADINO and F. UGOLINL. — A “compensated” stuffing box and
bearing unit for fermenters of semiindustrial and industrial
capacities.

Summary. — The construction of a stuffing box and bearing unit
for fermenters which operates in the culture fluid and is fitted with a
pressure compensating chamber has been described. It makes possible
the use of high rotational propeller speeds without vibration of the shatft,
simplifies the arrangements for power transmission, and conveys greater
stability to the fermenter. It ensures freedom from contamination of
the fermenter contents by the outside atmosphere through the stuffing
material.

Riassunto. — Viene descritto un nuovo complesso di guida ¢ di te-
nuta per assi ruotanti ad alto e basso numero di giri, applicabile anche
ad autoclavi per fermentazioni microbiologiche. Esso & caratterizzato dal
fatto di poter essere applicato anche sotto battente liquido, eliminando
in tal modo le vibrazioni dell’asse ruotante, semplificando tutto il dispo-
sitivo di trasmissione del moto e conferendo maggiore stabilitd al fermen--
tatore. Nel caso di applicazioni su cicli speciali di lavorazione la presenza
della camera di compensazione garantisce la impossibilita del contatto
del liquido contenuto nel fermentatore con 'ambiente esterno.

Résumé. — Les A. déscrivent un systdme de presse-étoupe, muni des:
pidces de soutien, destiné aux cuves de fermentations; équipé d une cham-.
bre de compensation & pression, il agit & 1'intérieur méme du liquide. Ce-
mécanisme permet de soumettre 1’hélice & de hautes vitesses de rotation
en éliminant les vibrations de 1’arbre; il simplifie les couplages de trans-
mission énergétique tout en augmentant la stabilité de la cuve; il garantit’
contre toute éventualité de contamination de la part de 1’atmosphére:
ambiante du presse-étoupe.

_ Zusammenfassung. — Beschrieben wird die Konstruktion einer:
Stopfbiichse und Lagerung fiir Giargefisse, die in der Kulturfliissigkeit
arbeitet und mit einer Druckausgleichskammer versehen ist. Hierdurch
werden hohe Propellergeschwindigkeiten ohne Vibration der Achse. ver-
einfachte Kraftiibertragung und grossere Stabilitit des Giirgefiisses.
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ermoglicht. Ausserdem wird jedes Eindringen von ungewiinschten Mikro-
organismen in das Giirgefiss durch die iiber die Stopfhiichse erfolgende
Beriihrung mit der Aussenluft unmdoglich gemacht.

INTRODUCTION.

The vortex system of aeration requires higher rotational speeds of
the propellers for air dispersion than aeration systems in which an air
sparger is employed.

In previous communications (CuaiN, Pavapino, UsorLini, CALLow
and Van der Sruis, 1954; PavapiNo, UcoLint and CraiN, 1984) stuffing box
and bearing units for fermenters of 10, 90 and 300 | capacity were
described suitable for both the vortex and sparger system of aeration with
propellers rotating at 1500 r.p.m. :

The most important performance requirements of fermenter stuf-
fing box and bearing units suitable for vortex and sparger aeration,
already briefly indicated in a previous paper (CraiN et al. 19584) are listed
below :

Bearings :

1) The bearings must be capable of guiding propeller shafts
rotating at a number of r.p.m. corresponding to a peripheral speed of
ca. 0.1 m/sec. to 1.8 m/sec.

2) Lubrication during the fermentation must be possible without
contamination of the culture fluid.

3) The normal working temperature during the fermentation is
24-37° C, but the bearing must also function at a maximum of ca. 130° C
during the sterilization of the fermenter and culture medium and a
minimum of +2° C at the end of the fermentation.

Stuffing box.

1) The stuffing box must ensure tightness of the fermenter
against air, steam and aqueous solutions at 2 atm. overpressure for
prolonged periods.
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2) It must be constructed in such a way that the pressure of the
stuffing material against the shaft can be adjusted during the fermen-
tation which may have a duration of several weeks.

3) The stuffing material must resist the sterilisation temperature
of about 130° G plus the heat of friction generated by the rotating pro-
peller shaft.

The stuffing box and bearing units previously described for fer-
menters up to 300 1 capacity fulfil all the above requirements, but at-
tempts to scale them up for use on fermenters of semiindustrial and
industrial dimensions were unsuccessful.

As the propeller shaft increases in length — as it must do with in-
creasing fermenter size, if the stuffing box and bearing unit is located
at the fermenter head — it becomes increasingly difficult to abolish
whip and vibration of the shaft at high rotational speeds and to avoid
overheating of the stuffing material owing to excessive friction.

As no easy method could be found to adapt any of the stuffing box
and bearing unit systems for use on fermenters of semiindustrial and
industrial size to meet with the criteria listed above, the authors have
developed a novel stuffing box and bearing system which has proved
satisfactory with regard to all these requirements. Its description forms
the subject of the present paper.

Principle.

The principle which has served as the basis for the design for the
new stuffing box and bearing unit is diagrammatically illustrated in
fige. 4.

Two sets of stuffing boxes, one (1) immersed in the culture fluid
inside the fermenter and the other (u) outside are separated by a com-
pensation chamber (ur) through which sterile air or steam may circulate
at a pressure equal to or slightly higher than that prevalent inside
the fermenter. |

In this way the internal stuffing box 1 the purpose of which is to
safeguard the sterility of the fermenter and its contents is isolated from
the atmosphere by a zone which can be kept sterile by the circulation
of sterile air or steam; furthermore as the pressure of this zone can be
adjusted to that inside the fermenter, stuffing box 1 does not have to
work against a large pressure difference which facilitates its function-
ing in maintaining a tight seal. In cases where a large pressure diffe-
rence exists between the inside of the reactor and the atmosphere it
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may be desirable to reduce this pressure difference in steps by fitting
two or more compensation chambers, with the corresponding number
of seals.

Should a defect of the stuffing material in stuffing box 1 develop
during the course of a fermentation the sterility of the fermenter contents
would still not be endangered. If the pressure inside the compensation
chamber is kept slightly below that inside the fermenter small amounts
of culture fluid would trickle through the stuffing box into the com-
pensation chamber and be washed away by the steam flow; if, on the
other hand, the pressure inside the compensation chamber is slightly
above that inside the fermenter, a small quantity of steam will leak
through the stuffing box into the culture fluid. In neither case can con-
tamination of the culture fluid occur and the normal course of the fer-
mentation is not interfered with unless the leakage is considerable.

As a part of the new stuffing box and bearing unit operates actually
inside the culture fluid it is possible to use much shorter propeller
shafts for agitation and air dispersion than in those cases where the
stuffing box and bearing unit is located outside the fermenter at the
fermenter head and where the propeller shaft has to traverse the air
space over the culture fluid.

The principle of using a series of stuffing hoxes separated by com-
pensation chambers is not new; it has been applied for instance for
the cooling of bearings of naval and aeronautical turbines (Baurino,
1950; Goosey Jr. and Youne, 1949). However, as far as the authors
are aware no application of this principle to the field of fermentation
has so far been described.

Some agitation systems for fermenters have been employed in-
dustrially for which the stuffing box and bearing unit was located at the
bottom of the fermenter. These systems, however, are not adaptable
for high rotational propeller speeds, and, even at low propeller speeds,
do not provide an absolute guarantee against the risk of contamination.

DESCRIPTION OF STUFFING BOX AND BEARING UNIT FOR 300 | FERMENTER

Location.

The unit is screwed by means of the upper external thread on
housing 1 fig. 2 (for details see 1 fig. 2-a) to the internally threaded
flange 11 fig. 2 (for details see 11 fig. 2-c) welded centrally to the fer-
menter bottom. A gasket of asbestos or other heat resistant material
is placed between this flange and the appropriate flange on housing 1.
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Componenls.

The unit consists of two components, one fixed to the fermenter, the
other adjustable within the fixed component.

a) Fixed component.

This part comprises the shell 1 fig. 2 (for defails see 1 fig. 2-a), to
which is tack-welded cylinder 16 (for details see 16 fig. 2-e), the cy-
lindrical cap 10 fig. 2 (for details see 10 fig. 2-¢) compressing the first
series of packing rings, and the lock ring 17 fig. 2 (for details see 17
fig. 2-e).

Cylinder 16, made of brass, is internally threaded for carrying the
adjustable component; it is made of a different metal from that used
for part 1 (which is made from stainless steel) in order to avoid seizing
of the adjustable component (which is also made from stainless steel)
against the fixed component.

The cylindrical cap 10 fig. 2 is externally threaded and screwed by
means of a pin spanner into the upper internal thread of shell 1 fig. 2
with the interposition of a gasket of asbestos or other heat resisting
material.

Two holes A and B fig. 2 (for details see A and B fig. 2-a) diametrically
opposite to each other are bored into shell 1 fig. 2 into which two short
tubes for connection with the air or steam line are welded.

Adjustable component.

This part consists of the internal housing 3 fig. 2 (for details see
3 fig. 2-b) accomodating the second and third series of stuffing rings as
well as spring 6 fig. 2 which serves to compress them, the two cups
2 fig. 2 (for details see 2 fig. 2-a) in which spring 6 is held, the cylinder
8, 9 and 12 (fig. 2) containing the first, second and fourth series of
stuffing rings, the lock rings 13 and 14 (fig. 2) and the short cylinder
15 fig. 2.

Internal housing 5, carrying cylinders 8 (screwed to its upper
internal thread), 9 (held by two pins fixed on 1ts upper shoulder)
and 12 (screwed to its lower internal thread) as well as the upper and
lower ball bearings is screwed by means of its internal thread to shell |
of the fixed part. In this way the first series of stuffing rings are com-
pressed to the desired degree. Their function is to seal oll the fermenter



contents against the outside atmosphere. The position of housing 5
at the desired level inside shell 1 is blocked by lock ring 17.

The outer race of the upper ball bearing is blocked between the
internal lower shoulder of cylinder 8 and the upper end of cylinder 9
while the inner race is a tight fit on the shaft. The space between the
lower face of the upper internal shoulder of cylinder 8 and the upper face
of the upper shoulder of cylinder 9 serves as a grease chamber, the grease
being introduced through a central hole 20 fig. 2 on the propeller shaft.

The compensation chamber is formed by the space between the
second and third series of stuffing rings the purpose of which is to
protect the bearings against steam. They are automatically compressed
by spring 6 contained in the two cups 2 fig. 2, against the lower face
of the internal shoulder of cylinder 9 and the upper face of the middle
shoulder of internal housing 8. The two cups 2 fig. 2 are each held by
three pins (3 fig. 2, for details see 3 fig. 2-a) projecting from their
external walls and sliding in appropriate slots cut into housing 5.

The outer race of the lower ball bearing is blocked between the
lower internal shoulder of housing % and the upper end of cylinder 12.
Cylinder 12 is blocked against housing 5 by rotating lock ring 14 fig. 2
on the middle thread of cylinder 12 against an asbestos gasket. The
mner race of the lower ball bearing is blocked between a shoulder on
the propeller shaft and ring and lock ring 4 fig. 2 (for details see 4
fig. 2-a). The space formed by the lower face of the middle shoulder
of housing 5 and the upper face of the shoulder of cylinder 12 provides
a grease chamber to which grease is supplied through hole 21 fig. 2
and the channel connected to it drilled in the lower end of housing 5.
After introduction of the grease hole 21 is closed by means of a screw
and washer.

The fourth series of stuffing rings the purpose of which is to
avoid the leakage of grease from the lower ball bearing, is held between
the lower face of the shoulder of cylinder 12 and the end of the internal
ring of cylinder 15. Compression of the stuffing rings to the desired
degree is effected by rotating cylinder 18 fig. 2 (provided with an in-
ternal thread on its external ring) (for details see 15 fig. 2-d) on the
external lower thread of cylinder 12, after which cylinder 18 is blocked
In position by means of lock ring 13 fig. 2 (for details see 13 fig. 2-d).
Lock rings 13 and 17, cylinder 18 and housing B are provided with
handles 19 fig. 2 (for details see 19 fig. 2-e).

The propeller shaft is constructed in two parts 7 fig. 2 and 18 fig. 2
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(for details see 7 fig. 2-b and 18 fig. 2-e) to enable the drilling of a
central channel for the grease supply to the upper bearing. After drill-
ing a channel in each part they are screwed into each other and welded
at the joint. After the introduction of the grease, hole 20 fig. 2 is closed
by means of a screw and a washer.

The upper part of the propeller shaft is externally threaded to fix
the propeller against a shoulder on the shaft by means of a nut while
the thread on the lower part serves for locking the pulley in position,
also by means of a nut.

The centre of the shaft is provided with a shoulder against which
the inner race of the lower ball bearing is held and a thread below
this shoulder for the ring and the lock -ing 4 blocking the inner race
in position (see above).

Stuffing material.

Stuffing rings of appropriate diameter with square section (width
6 mm) of the « Triplex Star » type which had been successfully used on
the stuffing boxes of the smaller fermenters, (Cuain et al., 1954) and,
after much experimentation, were also found to give the best results on
the compensated stuffing box and bearing unit, were exclusively fitted.

The number of stuffing rings employed for the different seals varied
according to the duties they had to perform in different positions and
can be seen from fig. 2. Compression of the stuffing material to ensure
a tight fit was effected in some cases by hand by means of threaded
caps, in others the pressure was automatically maintained by springs.
In the latter case it was ascertained by means of the static pressure
balance formula (*) py = p; e*®™ that the tension of the springs em-
ployed exceeded the theorical minimum value p, by a sufficient safety
factor.

(*) pe= absolute external pressure required for compression of the stuffing
material to balance p .

p, = absolute internal pressure exerted by the gas and/or the liquid inside the
fermenter against the stuffing material. (For the fermenters used by the authors a
value of 4 atm. was assumed).

f = dynamic friction coefflicient between stuffing material and shaft.

h = total height of stuffing material in the stufling box.
w = width of cross section. :

For the calculation p, was taken as 4 atm. f was determined experimentally by
dynamometric measurements for the « Triplex Star » stuffing rings and found to be
0.05-0.06. The value remained unchanged with use. w was 6 mm. The values for-
h for the different seals are indicated in the appropriate figures.
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CONSTRUCTION OF STUFFING BOX AND BEARING UNIT FOR 3000 | FERMENTER.

The construction of a stuffing box and bearing unit for larger fer-
menters (3000 1 capacity and above) is illustrated in fig. 3. It is similar
in design to that of the smaller unit described above.

Components,

The unit is made of two fixed and five adjustable parts, the latter re-
gulating the pressure of the stuffing material.

Upper fixed part.

The upper fixed part is bolted to the end flange of a cylinder which
is welded through the fermenter jacket to the centre of the fermenter
bottom. It contains an upper and lower ball bearing and five series
of stuffing rings.

Lower fixed part.

The lower fixed part (1, 2, 3, 4, 13, 16, 42 fig. 3) supports the lower
bearing thus providing additional stability to the whole unit. The cy-
lindrical housing 1 containing an additional ball bearing is fitted to the
fermenter bottom by 6 T section angle iron supports.

Stuffing rings and compensating chamber.

Five series of stuffing rings are provided.

The first series seals off the interior of the fermenter. The second
series protects the upper ball bearing from steam. This and the third
and fourth series form the compensation chamber. The fourth series of
stuffing rings protects the lower ball bearing from steam while the fifth
series prevents leakage, e.g. of grease from the lower ball bearing.

The compensation chamber is divided into two parts (A and B) by
the third series of stuffing rings. During the sterilisation period steam
is passed through both parts. At the end of the sterilisation the steam
supply to the upper part is cut off in order to prevent excessive heat
transfer into the culture medium while sterility of the fermenter con-
tents and the upper part of the compensation chamber is maintained
by continuing the steam flow or passing a flow of sterile air through
the lower chamber,
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A «compensated » stuffing box and bearing unit for fermenters of semiindustrial and industrial capacities.

Fig. 1 - Schematic diagram of compensated stuffing box and bearing unit.

I} Upper set of stuffing boxes (1 & 2) immersed in culture fluid.
II) Lower set of stuffing boxes (3 & 4) outside the fermenter.
IIT) Compensation chamber.



Cross section.

Component
1) External housing (Shell).

2) Cylindrical cups for transmis-
sion of spring pressure to stuf-
fing rings.

3) Guide pins.

4) Lock rings.

5) Internal housing.

6) Spring.

7) Propeller shaft (lower part).
8) Stuffing box cylinder.

9) » » »

10) Cap for compressing stuffing
rings.

11) Flange.

12) Stuffing box cylinder.

13) Lock ring.

14) » »

150 »  »

16) External housing (lower part).
17) Lock ring.

18) Propeller shaft (upper part).
19) Handles for lock rings.

20) Grease hole for upper bearings.
21) Grease hole for lower bearing.

N. of pieces

I

HoH RN OV R
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Fig. 2 - Compensated stuffing box and bearing unit for 300 1 fermenter.

Material
Stainless steel

i) »
)] )]
» »
) )}
Pianowirediam
2.5 mm n° of
turns 9, max.
load 14 Kg.
Stainless steel
N i1

11 11}

1] 3
b)) b1
Mild steel
Brass
Mild steel
Brass
1
1
Stainless steel

Mild steel

The stainless steel used was of the type: -Cr 18 =, Ni 8 =, C 0.08 %, Mn 2 %,.
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Fig. 2-a.
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A «compensated » stuffing box and bearing wunit for fermenters of semiindustrial and industrial capaciries.

=

(o ——

[
frv 0B S5 80s31

5

e

L e /
£AATAE AN AR i s ”’”’”/’f ’/ = I

Ry

f“///m’ﬂ/ ] /

3 50 2 0 8 185 R W

122
i)

\\2



‘Burreaq 1omo]
pue 1ddn 1oy [puueyd oseasd Buwsop MIDG

‘(z1) 03 (£1) Zurunse; syjog

-Fursnoy
jo 1ed urew o1 wed romof Surualsey sijog
‘Sursnoy
Surreaq wonoq jo sajerd r1oa0d Jutunse} sijog
‘Sursnoy

jo wred urew 03 red saddn Suruaisey sijog
-o8uey 01 seqppdord Sutusisey sijog

‘1o[ppdoxd Zuikiies ssog

-1appdoig

'6¢ pue ¥¢ sued Sutudse} siog

-opurjk> xoq Surpgmg

« (¥) o

payjoq (S€) pue papearys {F€) ‘syred om) ur spew

(b
(b

¢34
(¥

(1¥
(ob
(6¢
(g¢
(e
(9¢

‘erewr Surymis jo uorssaxdwoo 103 degy (¢ pue (bE

(9¢) mpurjfo xoq Fuiygnis pue

(9z) 1opurko xoq Jurggmis usamiaq Suwr Sursoorg
Surdg

"Wedls

wureSe [eussew Surgmis pue Sunds Sunom
-oxd pue g pue y spqueyd uvonesuadwod oml
oYy waam1aq uonedtunuwwod Sunuasdid 1Bpuid)
‘reuewr Juijjmas

01 aanssaxd Surids jo worssiwsuen 10 PPUIA)

-dur Zurspolg

(€€
(zt

(1t

(ot
(6

siejjo) (ge pue (£

-opurjfo xoq Furpmg

"Uo131098 S8017) .kuﬂwﬂcum@ I 000¢%

(92

‘€ ‘817 1opun 10UI00) RS 4

‘Buneas Fuudg

‘[errarewr urgmas

0y amnssord Sunds Sumrwsuen dno [esupurd)
‘g put y siaqueyd uonesuaduwiod usomidq [eas
wdn-weays ¢ Suryew 10 Junr spoy pue Juny
‘uorsuaxa xoq Furyymg

o8euresp 1oj moeds [edLIpUILD)

{(o1) 19purk> xoq Suipgmis

01 (zz) uorsusixa xoq Juigms Suruaisey sijog
J[em d[qnop Aq I9UIWLIY IPISINO PUE SINIS
[IM I9IUSWLID] SPISUT padiojuial Julsnoy UIey
ayeys  soppdorg

“Surreaq

wonoq jo mquieyd oseard 107 oe[d 1a0)
‘Guwsnoy urew 103 $3j0q SuIxi]

Jayoe( put souswey ySnony pappm 1pur[D)
-aduel]

5« (TI) 01 p=1

-10q (€1) pue popearyy (zr) ‘sired omy ur opew

qeimprew Sunygnis Sumssoxdwos 1oy dep (€1 pue
-s1apurl> xoq Jurgmg (11 pue

“pul[kd Furyoo]

-Butreaq wonoq Jo 2de1 1dUUT Yr0[q 01 Fury
"sma10G (g-L - M IJEYs 01 PIUIISEJ IAI[S
‘Buur yoo[ pue Sury

AEf[e0)

‘Guisnoy Juueaq jo juounsnlpe 1oy siaoedg
*IYSE A\

‘y10ddns

01 Suureaq wonoq jo Jursnoy Jurusnse) jog
‘Jurreaq woneq oy Fursnof]

(Gz
(bz

(€z
(zz

105 yun Suwresq pue xoq Jurggmis paresuadwod paygrdung - %

<

.QHU«



o

L

|
§ _
i
@
| i
ny !
|
i |
i
e 23]

-5

IF

“sauendvs pLasmpus pur [pusepuwes Jo sinuauas] tof sun Suunsg pun xoq Susfnss « passusdwos» g



— 129 —

Compression of stuffing rings.

Compression of the stuffing rings is effected by five adjustable
parts.

The pressure of the first and fifth series of stuffing rings is adjusted
manually by two cylindrical caps (upper cap 30, 31, 34; lower cap 11,
12, 44). The pressure of the second, third and fourth series of stuffing
rings is maintained automatically by means of two springs the pressure
of which is conveyed to the stuffing rings by the ends of three cylin-
drical elements (33, 21 and 20) which slide on appropriate guides
(28, 23, 22).

Blocking of bearings.

The way adopted to block the inner and the outer races of the
three ball bearings is selfexplanatory from the figure.

Propeller shaft.

The propeller shaft (17) is threaded at the upper end to take the
propeller, and at the height of the second ball bearing to take a ring
and lock ring in order to block the inner race of the lower ball bearing
against the collar (8). To its lower end a pulley is fixed appropriately.

Lubrication.

The upper ball bearing is lubricated through a channel closed by
serew (48). An outlet for the grease is provided closed by screw (46).

The lower ball bearing is lubricated in a similar way.

The external ball bearing is lubricated after removing cover plate
16. A suitable high-melting mineral grease was used.

VARIANT OF STUFFING BOX AND BEARING UNIT FOR 3000 1 FERMENTER.

Fig. 4 represents a simplified variant of the compensated stuffing
box and bearing unit described above. In this model the number of
series of stuffing rings is reduced to four, and only one spring is used
for automatic pressure regulation.
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The compensation chamber is formed by two independent com-
partments A and B separated from each other by the cylinder 31.

Steam is passed through the upper compartmznt A only during the
sterilisation while the lower compartment B is kept under steam conti-
nuously throughout the fermentation.

Lubrication of the upper ball bearing is effected through a channel
bored into the centre of the propeller shaft. The other two bearings
are lubricated as described above.

Wear of the stuffing rings can be detected by the escape of steam
through a channel drilled into cylinder 10 just below the third series.

A minor modification of the blocking arrangement of the inner
race of the bottom ball bearing in the lower fixed part has been made.

DISCUSSION

The above described stuffing box and bearing units for fermenters
of 300 and 3000 1 capacity have been in continuous use in this laboratory
for a period of over two years in the case of the smaller unit and for a
period of one year in the case of the larger unit.

Their performance has been entirely satisfactory with regard to
mechanical reliability and their capability to maintain sterility.

The advantage of the new compensated unit over the conventional
models are briefly summarized as follows.

1) More even distribution of the friction of stuffing material
against the rotating shaft; consequently less development of heat with-
out local overheating and less wear.

2) Simplification of design of the power transmitted directly by
V-belts and appropriate pulleys without a need for reduction gears.

3) With the stuffing box and bearing unit operating within the
culture fluid a much shorter propeller shaft may be used and the motor
may be mounted on the floor. Thus the danger of vibration and whip
of the shaft, even with high rotational speeds, is much reduced, the
need for a special scaffolding at the top of the fermenter for motor and
gears is abolished, and a greater mechanical stability is conferred to
the whole fermenter.

4) The presence of a pressure compensating chamber facilitates
the maintenance of tightness by the internal seal which does not have
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to work against a large pressure difference inside and outside the
fermenter.

8) The compensation chamber acting as a continuously operating
sleam or sterile air seal excludes the possibility of contamination of

the culture medium by the outside atmosphere through a leakage in the
stuffing box.

Roma — Istituto Superiore di Sanitd - International Research Centre for Che-
mical Microbiology.
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