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variations from affecting the utrafiltration control system and dialyzer
performance. BACKGROUND OF THE INVENTION                              These
and other objects and advantages of the invention will become apparent from
the following 1. Field of the Invention                         detailed
description when read in conjunction with the drawings. The present
invention relates to hemodialysis apparatus, and more particularly to a
system for     BRIEF DESCRIPTION OF THE DRAWINGS minimizing the effects of
water pressure transients on the accuracy and consistency of patient dia-
10  Figure 1 is a simplified block diagram of a water lysis.
system for a hemodialysis machine in the prior art; 2. Description of the
Prior Art                         Figure 2 is a cross-sectional view of a
deaera- tion pressure regulator and a back pressure Hemodialysis machines
used to extract waste 15      regulator used in the present invention; from
human blood of patients having kidney fail-        Figure 3 is a simplified
schematic diagram of ures or disorders utilize a dialyzer in which the
the deaeration loop of the invention utilizing the blood flows through one
chamber and a dialysate         devices shown in Figure 2; solution flows
through another chamber separated      Figure 4 is a cross-sectional view
of a modified from  the first chamber by a membrane. The dia-   20
deaeration pressure regulator and a back pres- lysate picks up metabolic
waste products and ultra-     sure regulator in accordance with an
alternative filtrate from the blood passing through the dialyzer.
embodiment of the invention; In many such machines, incoming water is first
Figure 5 is a simplified schematic diagram of treated externally to the
machine to remove impuri-      the alternative embodiment of the invention
uti- ties, and thereafter pressure controlled, filtered,  25    lizing the
elements shown in Figure 4; and heated, and applied to a proportioning pump
which    Figure 6 is a schematic diagram of a portion of        - - is also
connected to a supply of concentrated dia-    the deaeration loop showing a
means for obtain- lysis solution. The proportioning pump produces a    ing
water flow for rinsing of fluid circuits in a carefully controlled
dialysate solution from the wa-    hemodialysis apparatus. ter and
concentrate. For example, a 34 parts water   30 and 1 part dialysate
concentrate is typical. The     DETAILED DESCRIPTION OF  THE PREFERRED
dialysate may be applied to a flow controller or   EMBODIMENT other means
which controls the rate of flow of the dialysate through the dialyzer.  ,
Figure 1 shows a simplfied block diagram of To maintain the exact flow,
pressure, and con-  35  the water and dialysate portion of a typical
centration of the dialysate through the system for   hemodialysis machine.
For example, the model consistent dialysis performance, it is necessary
that  SPS-450 hemodialysis apparatus manufactured by the water flow and
transients be minimized. Other-   Baxter, Inc. utilizes this system. Water
is treated in wise, such transients in the incoming water pres-  a water
treatment system  and thereafter enters sure will occur and will degrade
the accuracy of the   40   pressure regulator 1, nominally at 2.758 x [err]
ultrafiltration control system. Although systems uti-  (40 psig pressure).
Typically, pressure regulator 1 lize pressure regulators to maintain the
pressure,  controls the output pressure to 8.274 x [err] these regulators
suffer from normal hysteresis and   (12 psig). The water is passed through
a filter-heat inertial effects which permit a drop or rise in pres-
exchanger unit 2 which heats the water to a pre- sure before correction can
occur.                       determined temperature. The heated water is
then sent via line 8 to a deaerator pressure regulator 3 SUMMARY OF THE
INVENTION                             shown in schematic form in Figure 1.
As will be noted, deaerator pressure regulator 3 . A hemodialysis apparatus
is known in accor-    includes an input/output chamber 13 into which dance
with the precharacterization clause of Claim   so   heated water flows from
line 8. Deaerator pressure 1, for example, the model SPS-450 hemodialysis
regulator 3 is a part of a deaeration loop which machine manufactured by
Baxter International Inc.      includes deaerator 6 and positive
displacement . Elements of the invention as disclosed in the     gear
deaerator pump 7. Water flowing Into the characterization clause of claim
1 alleviate the.   deaeration loop from line 8 will normally contain air
problems and disadvantages of the prior art.        which must be removed
to optimize dialyzer perfor- It is therefore a principal object of the
invention  mance and measurement of ultrafiltration through to provide a
hemodialysis apparatus which will pre-   the dialyzer in the hemodialysis
apparatus. The ventsource water pressure and flow transients and
deaeration 6 performs the air removal function. The    
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deaeration pressure regulator is to  pressure regulator 3, which are
mechanical in na- subject the incoming water to a negative pressure  ture,
cannot respond instantaneously to maintain of about -120.735 [err] (-23
inches of mercury) by  the predetermined pressure;  for example in this
means of deaeration pump 7.                         instance, 8.274 x [err]
(12. psig). Part of this When the system is not in operation, it may be  5
problem results from the water treatment systems noted that spring 33 will
force diaphragm 34 to the  employed for dialysis which include softeners
and right, closing valve seat 31 with valve body 30.   reverse osmosis type
treatment, and have limited When deaeration pump 7 is operating, a -120.735
capacity resulting in pressure transientson occa- [err] (-23 inches of
mercury) pressure occurs in  sions. The many swings in inlet pressure will
there- chamber 13 moving diaphragm 34 to the left and   10  fore be
translated through the system to the flow opening regulator valve seat 31.
Bleed orifice 32   controller 5 input. Th e Baxter hemodialysis ma- permits
an initial flow of water from chamber 13::   chines utilize automatic flow
control systems since into chamber 14 prior to the opening of valve 30,
the accurate operation of a dialyzer is dependent 31 to prevent excess
pressure in chamber 13 from     upon the relative flow rates in the
apparatus. When pump 7. When valve 30, 31 opens, the water from    15
transients occur at flow controller 5, in flow and out chamber 14 is drawn
into the deaerator 6. Although  flow sensors will shift to a new operating
point, not shown, deaerator 6 includes a float and float  introducing an
error in their signals and thereby chamber at the upper end thereof and an
air outlet  affect the accuracy of the ultrafiltration control sys- valve
controlled by the float. The negative pressure  tem. in the deaerator will
cause the air in solution to  20   Another problem in such prior art
systems re- expand, producing large bubbles of air which will  suits from
operation of deaerator 6. As air comes float to the top and be expelled
through thefloat air  out of solution in the deaeration loop, it collects
at outlet valve to a low  pressure part of the       the top of deaerator
6. Normally, the air will exit hemodialysis apparatus. The deaerated water
is       continuously but, at times, it suddenly Is purged drawn from the
lower end of deaerator 6 over line   25  from the deaerator 6. When this
occurs, the void 10 to pump via pump 7 and flow via line 11 back
occupied by the air fills with water requiring a to chamber 13.
sudden inflow of water at the water inlet. Inlet An output line 12 from
chamber 13 is provided;   pressure regulator 1 (Figure 1) adjusts to
maintain however, pump 7 produces a flow rate in the  pressure and the
usual proportional operating band deaeration loop which is considerably
higher than   30  of the regulator produces a shift in pressure that the
flow rate required by the dialyzer. For this   canbeasgreatas1.379 x [err]
(2psig). reason, most of the water will circulate through the       Figures
2 and 3 illustrate the improvement of deaeration loop two or more times
before leaving  the present inventionwhich essentially eliminates chamber
13 on line 12. Water which enters charn-    the effects of input pressure
transients on the accu- ber 13 on line 8 at about 8.274 x [err]   (12   35
racy of the dialysis operation in the hemodialysis psig) will then, due to
continuity of flow, exit charn-  apparatus. A back pressure regulator 20
shown in ber 13 on line 12 at about 8.274 x [err]  (12      simplified
cross-sectional view in Figure 2, Is ad- psig), neglecting slight pressure
drops through the   ded into the deaeration' loop. Back pressure regula-
other elements of the system. The internal porting   tor 20 has a diaphragm
24, spring 26, and adjust- in chamber 13 is arranged to ensure that flow
inline   40  ing screw 28 which control the regulator needle 22 8 will
always enter valve 30, 31. Water flows out on  in conjunction with valve
seat 21. Deaeration pump line 12 and is routed to dialysate proportioning
7 is connected to an Input to back pressure regula- pump 4 or other
proportioning system.                tor 20 with the pressure controlled
output line 15 As is common, the dialysate is stored in con-   connected to
chamber 13 of aeration pressure reg- centrated form and must be diluted in
an exact  45  ulator 3. Line 12, from back pressure regulator 20,
proportion with water prior to use as the dialysate       which formerly
connected to deaeration pressure for a dialyzer. For example, in the system
shown in  regulator 3, now connects to back pressure regula- Figure 1, a
ratio of 34 parts of water to 1 part of    tor 20 as best seen from the
simplified schematic, dialysate concentrate is commonly used. The out-
diagram of Figure 3. put from dialysate proportioning pump provides the
50  Water from the filter heat exchanger 2 now proper dialysate solution
for use by the dialyzer   enters chamber 13 via line 8 flowing through
valve and its flow rate is controlled by flow'controller 5 to   30, 31 into
chamber 14 and Is drawn into the a predetermined flow rate for the
hemodialysis  deaeration loop by the negative pressure on line 9.
apparatus.                         '           As  will now be recognized,
deaeration pump 7 can The prior art system of Figure 1 operates effi-  55
now be operated at a pressure higher than and ciently in steady state
conditions. However, in in-  independent of the 8.274 x [err] (12 psig)
stances where the inlet water is subject to pressure  input pressure from
line 8. Consequently, back transients, pressure regulator 1, and deaeration
pressure regulator 20 is adjusted to produce such 3   
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for example, 1.034 x [err] (15   water to ports 44 and 46. A flow
restrictor 42 is psig) pressure, in the deaeration loop and on line
inserted in line 11 between pump 7 and back 12 to dialysate proportioning
pump 4. Thus, the      pressure regulator 20. Rinse ports 44 and 46 are
water pressure to flow controller 5 is now indepen-   each required to
provide a source of warm deaerat- dent of the incoming water pressure and
therefore   5 ed water at a flow of about 15 m/min. Lines 41 and the
transients in that pressure will not reflect    43, which may be small,
tubing, are connected through to flow controller 5.
across flow restrictor 42. A pressure /l drop of The system will operate as
in the prior art      about 2.758 x [err]   (4 psig) across rinse re-
system of Figure 1 on startup. Back pressure regu-    strictor 42 will
produce the required flow through lator 20 will be closed as will control
valve 30, 31 of 10   lines 41 and 43 without interfering with the. normal
the deaeration pressure regulator 3. When opera-  deaeration loop
operation. tion of the system is initiated, pressure from line 15
Normally closed ports 44 and 46 are con- will permit water through bleed
hole 32 into cham-  nected to line 41 and may be temporarily con- ber 14
and pump 7 will cause back pressure regu-      nected to portions of the
machine for rinsing by lator to operate at the adjusted pressure point.  15
one or two rinse lines having a connector that When the negative pressure
in chamber 14 occurs,  . opens port 44 or 46 when connected thereto. Con-
valve 30, 31 will open as previously discussed,      tinuous flows at all
times through the loop formed enabling the deaeration process.
by lines 41 and 43 independently of the rinse ports assures that no
stagnation can occur and that prop- ALTERNATIVE EMBODIMENT.
20   er rinsing will take place during disinfection cycles. Turning now to
Figures 4 and 5, an alternative    Claims embodiment of the invention is
shown. A modified deaeration pressure regulator 40 is utilized having   1.
A hemodialysis apparatus for supplying heat- a single port into chamber 13
connected by line 8  25    ed, deaerated water to a dialyzer system in ,to
filter heat exchanger 2. Line 15, which in the first   which pressure and
flow transients occur com- embodiment connected to chamber 13,' now con-
prising: nects to chamber 14. The remainder of the deaera-        a source
of heated water at a first pres- tion loop connections remain the same as
shown in       sure; Figure 5 with the output from back pressure regula-
30  pump means (7) having  an inlet, and an tor 20 being connected to
dialysate proportioning        outlet; pump 4. The advantage of this
implementation is     '      a deaerator (6) for removingair from water
that the pressure regulator 1 of Figure 1 and re-        having a water
inlet, an air outlet, and a lated control solenoids (not shown) can be
elimi           deaerated water outlet connected to said pump nated and the
source pressure applied to chamber     35  inlet; 13. On  startup, valve
30, 31 will be closed and         a first pressure regulator (3,40) having
a chamber 13 can easily handle the source pressure         first inlet
connected to said source of heated which would rarely exceed 6.895 x 10
[err] (100        water and an outlet connected to said water psig). The
deaeration pump 7 will produce the    .         inlet of said deaerator
(6);: required negative pressure in chamber 14 opening   40         an
outlet for providing heated deaerated valve 30, 31 as required.
water to said dialyzer system, said pressure As in the first embodiment,
water is supplied to   regulator (3), said deaerator (6) and said pump
dialysate proportioning pump via lines 12 directly        (7) forming a
deaeration loop having heated from the deaeration loop with the pressure
con-           water circulating therearound, said pump (7) trolled by pump
7, ensuring isolation from pressure   46  producing a negative pressure in
said regulator transients in the water supply system.
(3) outlet and in said deaerator (6), charac- The deaeration pump 7, as
mentioned above,            terised in that the apparatus further
comprises; produces a greater flow than required by the dia-           a
second pressure regulator (20) having an lyzer in the hemodialysis
apparatus described. For       inlet connected to said pump outlet, a first
example, the dialyzer may utilize a flow in the  50     outlet connected to
a second inlet of said first range of 300-500 ml/min while the pump 7 may
pressure regulator, and a second outlet for produce flows in the range of
1.5 - 21/min.               providing heated deaerated water to said dia-
Referring now to Figure 6, a source of warm,      lyzer system; deaerated
water is periodically needed at rinse.              the deaeration loop
further includes said . ports 44 and 46 for rinsing the proportioning pump
55   second pressure regulator (20), the negative concentrate lines and
during system disinfection.        pressure in said first regulator (3)
outlet and in The arrangement of Figure 6 shows schemati-           said
deaerator (6) is controlled by said first cally the use of deaeration pump
7 to provde rinse      pressure, regulator (3), andsaid second pres- 4   
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example, 1.034 x [err] (15  water to ports 44 and 46. A flow restrictor 42
is psig) pressure, in the deaeration loop and on line   inserted in line 11
between pump 7 and back 12 to dialysate proportioning pump 4. Thus, the
pressure regulator 20. Rinse ports 44 and 46 are water pressure to flow
controller 5 is now indepen-  each required to provide a source of warm
deaerat- dent of the incoming water pressure and therefore    5   ed water
at a flow of about 15 ml/min. Lines 41 and the transients in that pressure
will not reflect     43, which may be small tubing, are connected through
to flow controller 5.                        across flow restrictor 42. A
pressure /l drop of The system  will operate as in the prior art     about
2.758 x [err]   (4 psig) across rinse re- system of Figure 1 on startup.
Back pressure regu-   strictor 42 will produce the required flow through
lator 20 will be closed as will control valve 30, 31 of  10  lines 41 and
43 without interfering with the normal the deaeration pressure regulator 3.
When opera-     deaeration loop operation. tion of the system is initiated,
pressure from line 15   Normally closed ports 44 and 46 are con- will
permit water through bleed hole 32 into cham-  nected to line 41 and may be
temporarily con- ber 14 and pump 7 will cause back pressure regu-
nected to portions of the machine for rinsing by lator to operate at the
adjusted pressure point.  15  one or two rinse lines having a connector
that When the negative pressure in chamber 14 occurs,     opens port 44 or
46 when connected thereto. Con- valve 30, 31 will open as previously
discussed,     tinuous flows at all times through the loop formed enabling
the deaeration process.                     by lines 41 and 43
independently of the rinse ports assures that no stagnation can occur and
that prop- ALTERNATIVE EMBODIMENT                          20  er rinsing
will take place during disinfection cycles. Turning now to Figures 4 and 5,
an alternative   Claims embodiment of the invention is shown. A modified
deaeration pressure regulator 40 is utilized having  1. A hemodialysis
apparatus for supplying heat- a single port into chamber 13 connected by
line 8   25   ed, deaerated water to a dialyzer system  in to filter heat
exchanger 2. Line 15, which in the first  which pressure and flow
transients occur corn- embodiment connected to chamber 13, now con-
prising: nects to chamber 14. The remainder of the deaera-           a
source of heated water at a first pres- tion loop connections remain the
same as shown in        sure; Figure 5 with the output from back pressure
regula-  30     pump means (7) having an inlet and an tor 20 being
connected to dialysate proportioning        outlet; pump 4. The advantage
of this implementation is             a deaerator (6) for removing air from
water that the pressure regulator 1 of Figure 1 and re-        having a
water inlet, an air outlet, and lated control solenoids (not shown) can be
elimi-      deaerated water outlet connected to said pump nated and the
source pressure applied to chamber   35    inlet; 13. On startup, valve 30,
31 will be closed and             a first pressure regulator (3,40) having
a chamber 13 can easily handle the source pressure        first inlet
connected to said source of heated which would rarely exceed 6.895 x 10
[err] (100           water and an outlet connected to said water psig). The
deaeration pump 7 will produce the           inlet of said deaerator (6);
required negative pressure in chamber 14 opening   40       an outlet for
providing heated deaerated valve 30, 31 as required.      .
water to said dialyzer system, said pressure As in the first embodiment,
water is supplied to     regulator (3), said deaerator (6) and said pump
dialysate proportioning pump via lines 12 directly      (7) forming a
deaeration loop having heated from the deaeration loop with the pressure
con-          water circulating therearound, said pump (7) trolled by pump
7, ensuring isolation from pressure   45  producing a negative pressure in
said regulator transients in the water supply system.                   (3)
outlet and in said deaerator (6), charac- The deaeration pump 7, as
mentioned above,          terised in that the apparatus further comprises;
produces a greater flow than required by the dia-           a second
pressure regulator (20) having an lyzer in the hemodialysis apparatus
described. For       inlet connected to said pump outlet, a first example,
the dialyzer may utilize a flow in the   50     outlet connected to a
second inlet of said first range of 300-500 ml/min while the pump 7 may
pressure regulator, and a second outlet for produce flows in the range of
1.5 - 21/min.              providing heated deaerated water to said dia-
Referring now to Figure 6, a source of warm,          lyzer system;
deaerated water is periodically needed at rinse             the deaeration
loop further includes said ports 44 and 46 for rinsing the proportioning
pump   55  second pressure regulator (20), the negative. concentrate lines
and during system disinfection.        pressure in said first regulator (3)
outlet and in The arrangement of Figure 6 shows schemati-          said
deaerator (6) is controlled by said first cally the use of deaeration pump
7 to provide rinse      pressure regulator (3), and said second pres- 4   



EP0309215B1                      8 sure regulator (20) controlling a
pressure at       said pump means (7) is a positive  displace- said second
outlet to a pressure independent    ment gear pump. of said first pressure.
7. The apparatus as recited in claim 1 which 2. The apparatus as recited in
claim 1 in which    5     further includes: said first pressure regulator
(3) includes:              a flow restrictor (42) disposed between a first
chamber (13) having a first input        said housing inlet and said pump
(7) output; connected to said heated water supplying                a rinse
line (41,43) connected across said means and a second input connected to
said          flow restrictor (42) to form a flow of  heated second
pressure regulator (20);              10       deaerated water at a second
flow rate much a second chamber (14) adjacent said first       smaller than
said first flow rate  around said chamber (13) having an output connected
to         restrictor (42); and said input of said deaerator (6); and
at least one rinse port(44,46) connected to a pressure regulating valve
(30,31) dis-         said rinse line. posed between said first and second
cham-   15 bers, said valve (30,31) biased to a closed       Patnaspiliche.
position when said deaeration pump(7) is non- operative and to an open
position responsive      1. Hilmodialysevorrichtung zumn Zul~hren. von er-
to said negative pressure.                          hitztem entl~ftetem
Wasiser zu einern Dialysa- 20.     torsystemn, in -dem  Druck- Und:
Strfmungs- 3. The apparatus as recited in claim 2 in which
schwankungen auftreaten, wobeil de H~modialy- said first and second
chambers include a         sevorrichtung folgendes aufweist:: bleed orifice
(3) therebetween.                         ene Quelle f~r erhitztes.
Wasse~rmilt elm-.: nemn ersten Druck; 4. The apparatus as recited, in claim
1 in which   25       ine Pumpe (7)mit aeinem  EilaI' Und: said first
pressure regulator (40) includes               einem .Auslal3; a first
chamber (1 3) having an input con-             einen Entl~fter' (6) zum
Entfernen vo nected to said heated water supplying means;             Luft
atis. Wasser mit einem. WgssereInlal3,. a second chamber (1 4) adjacent
said first             einem LuftaUslal3 und einemn Auslal3 -far, chamber
(13) having an output connected to  30         entflftetes 'Wasser,. der
miMt.dem. Pum- said input of said deaerator (6) and an input
penebinial3 verbuniden ist;                   ' connected to said second
pressure regulator            -  le   rtnDrcrge  3 40) mit el-
.      ' (20); and                                            adnmrseEla1de
mit der Quellef.
rW.j a pressure regulating valve (30,31) dis             eriztsWasse
vebnesund: mit""'~ posed between said first and second cham-   35
einemn Auislai,' derk mit dem Wassereinilall bers, said valve (30,31)
biased to a closed            des EntlUfters. (6) verbunden. ist; und
position when said deaeration pump (7) is non-        ene  AuslaI3,
'Um'dsDayaosse operative and to an open position responsive
mit erhitztem: entl~ftetemn Wasser zu ver-: to said negative pressure.
'srewobel: der Druckregler' (3), der." 40            Entl0fter (6) und die
Pumpe (7) eine Ent- 5.  The apparatus as recited in any one of the
l0ftungsschleife bilden, In der .erhtittes preceding claims wherein the
second pressure              Wasser zirkuliert, und wobel die Pumpe,
regulator (20) comprises                                 .(7) einen
Unterdruck in dem AuslaO des a housing having an inlet connected to said
Reglers' (3). und in' dem.,Entl~fter (6) er- output of said pump means (7),
an outlet con-   45      zeugt, nected to said first pressure regulator
(3), and    ', dadurch gekennzeichnet, an outlet connected to supply a flow
of said        daDB die Vorrichtung ferrier foigendes aufweist:' heated
deaerated water to said hemodialysis               -einen zWeiten
Druckregler. (20)' mit einemn apparatus at a first flow rate,
Ela3demidmPmpenaUSlati ver- a valve seat (21) and valve (22), said valve
50         bunden isti mit elnemn ersten AuslaB, der operatively connected
to a diaphragm (24) in        eaiey  onmit einem: zwelten EinlaO. des
ersten. said housing; and
Druckreglrs 'verbuncien st,; und mit ei-... biasing (26) and adjustments
means (28) oper-            nem 2weiten Auslal," umndas' Dialysator-
atively connected to said diaphragm (24) for           system mit erhitzteM
entifteatem Wasser:. adjusting said pressure of said circuiting heat-   55
szu versorgen; ed water.
-wobei die:Entl~ftungsschlelfe femer den weiten Druckregler (20).:enthAlt
und wo~- 6. The apparatus as recited in claim 1 in which           bei der
.Unqterdruck in dern Auslati des. 5  
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dem. EntlOfter               enm  ulI3  e aneshosn 1surn. (6) von dem
ersten Druckregler ,(3) gere-..            de Hridaseoictnoentrm gelt wird
und der zweite'Druckregler (20)              des erhltzten. entl~fteten.
Wasser mit. el- eihen Druck an' demn zweiten AuslaI3 auf:              ner
ersten Durchflufleate zUzuffthre,'s elnien von dem ersten.Druck.
unabh~ngi-.  s            einen Ventilsitz (21). und. ein Ventil (22), gen
Druck regelt.                                      wobei das Vontil
betriebsmAi~ig. mit elner. Membran (24):In dem::Gehguse verbun- Z .
Vorrichtung nach Anspuh1  oeidrese'den ist; und
. Druckreglor (3) folgendes aufweist:                       -
ieVrpnngs(2)udintlen -elne erste Kamnmer (.13)~ mit ainern ersten   io.
richtung (28), die mit der Membran (24), Einlall, der mit der. Quelle fOr
erhitztes.            botriebsmWflig. verbundeni !st,: urn den Wasser
verbunden !st,: und mit~ elnernm.               Druck des zirkulierendon
erhitzten Was- zweiten EinlaO, der- mit dem: zweiten    .sers einzustellen.
Druckregler (20) verbunden ist; e ino zweito Kammer (14), die an die er-.
15  :6.. Vorrichtung nach Anspruch 1, wobei die Pum-r ste Kammer (13)*
angrenzt und einen.              pe (7) eine Verdr~nger-ZahnradpUrnpq 1st.:
AusWa  hat, der mit dem EinlaBi des Ent-. l0iters (6) verbunden ist; Und
.              Vorrichtung nach Anpuh     lde'femer MoA -emn
Druckregelventil. (30 31), das. zwi-;         gendes aufweist: schen der
ersten und der zweiten Kam-   20             eionen Durchflu~begrenzer.
(42).: dor, zwi- mer angeordnet ist, wobel das.Ventil (30,
schon dem Gehiluseenlnail und dom Aus- 31) in elne Schliellstallung
vorgespannt:              laD der Pumpe (7) ahgeordnot !it;: !st, wenn die.
Entl~ftungapurnpe (7): nicht            e lne Spulleitung (41,: 43), die.
parallel zu *   wrksarnm !st, und aufgru~nd: des Unter-                 dem
DurchflijBbegrenzeri. (42g).geschaketot,.]-. drucks in eine Offenstellung
vorgespannt,   5          St, ur  Urn, den begrenzer (42): hru M P  ~ St.
ieSrmn   o erhitzten -entlffteternm Wasser mit einer zweiten. Durchflul~ae
3  o VrcunnahAnspruch 2,wobei. die ermst                      zu:
bildendevekenrasdiost ud die zweite 'Kammer. eine 'Entluftungs8ff-
Durchflu~rate lst; und ..nung (32) zwfischen sich aufwe~isen.:.30
- wenigstens eine SpUl6ffnung (44,. 46),. htung uu~~w~ Anspruch  , ~~  der
die mit: der Spulloitung::verbqndonist,. Druckogler(40) folgendes aufweist:
Revendlicatl:ons. eine::orste Kammer. (13) mit einem E-- laB dr  itde
Quuef~ ehiztsWas-.:        1  Appareil d'hdrnodialyse pou alirnonter en.ea
ser verbunden iet;                                r6huf~,dsa~rdo un systbrn
de'dlilysoUr' eine. zweite Kammer (14), die-.an die er-         dans!
lequel se pOroduisent' des transitoires do ste Kammer: (13) angrenzt. und'
omen.             presslon et do d~bit, comprenant: AuslalJ, der mit dem
Einlai3 des Entl~fters       une. source d'eau: r6chauff6e A Une. premlrn
(6): verbunden !et, und omeien EnlnaO  a,~        pression; der mit dem
zweiten. Druckregler (20)            un moyen de pomnpage (7) ayant une
entr~e et verbunden !st; und                                une sortie;
-ein Druckregelventil (30, 31), das zwi-           un d~sa~r~ateur (6) pour
61iminor l'air de l'eau, schen der ersten und der zweiten Kam-
ayant une entr~e d'eau, une sortie d'airet une... mor angeordnet ist, wobel
das Ventil (30,   4s   sortie: d'eau d~sa6r~e raise A. l'entrite de la 31)
in eine. Schliel~stellung vorgespannt         pomnpe; istj wenn die
Ent[Oftungspumpe (7) nicht: .        npeier r~gulateur de pression (3,40)
ayant.. wirksam  ist, und aufgrund  des  Unter-  rune prernlbreoentr~e
relide A cette sourcez drucks in eine Offenstellung vorgespannt:
d'eau r6chauff6e et une. sortie relioe h ladite ist.
.50      ~~~~~~~~~entr~e d'eau dii d~sakrateir (6);. une. sortie pour
alimentor: ledit systbrne de .5:... orrichtung nach einem  der
vorhergehenden           dIalsu en eau d~sa~rde r~chautffe,, ce r6gu- ...Ah
prOche, wobei de  wite Druckregler. (20).        laerd rsion (3), ceo
d~sa~rateur. (6). et:-.:. folgenrdes aufweist:
cette pomnpe (7). fbrMant une boucle.. de d~sa6- emh .Geh~use .mit einen
-Einla3,. der.mt s       ration dens laqiuelle circulo de l'eau
r~chauffe,.' dem  AusleI3 der :Pumpe. (verbunden          ..cette pompe (7)
produisant une pression n ge- ist. mit einem AuslaI3, er mit dem ersten   .
tive. A 1a sortie de ce. r~gulaetur (3) et dans 'ce Druckregler ,(3).
verbunden !st, und mit        -d~satrateur. (6),. et ceractris4 en ce que
cot 6  
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S  UljIiIIJ  II ....i.appareil comprond en oufre:;
uneon evloppe ayant une entrde -relido A ladite un deuim  rglferdpression
(20) ayanf                   'sortie du moyen do pompage (),une. sor-tie
une entrde relide &ladite sdrtie. de .Ia pompe,         relide au. premier
rdgulateur doepression. (3) of: une premnibre sortie relio: k uno deuxibme
"une sortie roliededofagon & alimenter lappareil ontrde dludit premier
rdgulateur do presslon, of:  S.   d'hdmodialyseon enau ddsadrdo  IROcauNd
une. seconde sortie pour alimenfer on eau. dds-:        un premier ddbit,
adre rdchauffde ledit systhme. do dialysu;              un sige do soupapo
(21.) of :une: soupape (22), *         10~~~l douxibmo rdgulateur do.
preos~ion (20) fait      fonictionnellement rollioe flu. diaphrame. (24).
-.galement partie do la ~bouclo do d sadration,          dans ladito
enveloppe; of 1e premier rdgulateur do pression.'(3) mainte-'  10     dos
moyens do rappel :(26) oftd'ajustements'. naint Ia pression ndgative & la
sortie du premier       (28) fonictionnellemenf .relids flu: diaphragmeOi.
*         ~~~~~rdgulate ou to dens 1e: ddsadrateur: (6), of: 1e.   (24):
pour ajusfr ladit prSs.nd   'a   t deuxibme rdgulafeur do pressilon (20)
donnant,           hauffdie dfsamro *         & ~~~~~ladito douxibmo
sortie, une. pression indd-a pendanfocdo ladife premnibre prossion..
15. 6. Appairoil solon Ia rovendlication 1, dens lequel 1e moyen: do:
pomhpago (7) est: uno pomrpo:: .2   Appareil solon Is revondicafion, 1,
.dens lequol       volumique & nigrenago.                         v 1e
premier rdgulateur -de prossion (3) corn- prenc
T: 7. Appareil solon Ia revondication 1  comprenant i'7K'K"\~~..w  ne
premnibre chambro (13) ayaknt uno promib-   20en oufro: re onvtrde relido
audit moyon d'alimontation            enfre ladilto entrde do I'eNvoloppo
ot ladife     - ' *       ~~~~d'eau rdchautffd  of uno deuxibmo onfrde.
relidoe     sortie do Ia pompe ~(7) :un' limifeur. do. ddbif flu deuxibme
rdgulateur do prossion.(20);               (42): uodeuxibmo chambre
(1)ajaofA cotte                     une. condluito do rlngago (41, 43)
court-circul-, promi~ro  hambre (3) ayantune sortie relide   25  fdo par ce
limiteur'do: d bit :(42): qiul laisse & ladito ontr~ade dola cd~saration.
(6); et             passer un second ddbit d'oau' ddsa~arMo i entro ces
premibro of deuxibme charrbres~               chaufido boaucoup plus: pout
quo': 10 premlIier une soupape do rdgulation doe Ia presslon (30,.
ddbit qul contourne ce limiteur do ddbit (42); of.. 31) qui fond &prondre
uno. position. do forme-          ad momns un orifice do iring  (44,)roi
. ture quand Ia pompe do ddsadration (7) n'osf.- s3o      ladifoecndulfo
do' ringago. . .pas on fonictionnomnent, of: uno -position d'ou-.. verturo
on. rdponso & laifo P~rossion ndgative.: ......3   Appri Isolon -la
revendlicafion 2, avec. onfro e lo  rmibroe'of deuxim  chmrs unlo orifie:
3:5. do purge- (32). 4.  Appareil1 solon Ia rovondlication.1, deans loquel
K    [eldit premier rdgulafeur do. pression *(40) corn-
' prond:' uno promnibro chambro (13) ayanf uno ontrde relide audit moyon.
d'alimentation en oau id chauffde; une deuxibmo chambro (1 4). adjaconfe A
Ia - -      ~~~promnibre chambre (13). ayant uno sortie relido   45 A
ladife ontrde du ddsadratour (6) et une en- tre relide au douxibme
r6gulafur, do Pression (20); of entre; ces promibre of deuxibme chambres.
'uno soupape. do rdgulation dolIa prossion (3Oi  'so 4    '  ~~~31) qul
fend A prondre uno position' do ferme- ture quand Ia pompo do ddsadration
(7): n'esf pas. en. fonctionnemont, of' uno. position. d'.ou- verture
rdpose h. ladif pression ndgatie. :55 5Appareil. solon l'no quolconque des:
revendi- catlons prdc~ddntes,gdens 'lequol le.secn rdgulatour do pression
(20)comprond:    


