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3 Claims. (Cl. 237—9)

This invention relates to steam utilization systems, and
more particularly to a method and means for removing
steam condensate from steam-using equipment.

A main object of the invention is to provide a novel and
improved system for removing steam condensate from
steam-utilizing equipment of the type employing the
latent heat of steam for the operation thereof, the sys-
tem involving simple components, requiring no steam
traps, and providing a higher rate of heat transfer to a
steam-utilizing device than can be obtained in a system
employing steam traps. }

A further object of the invention is to provide an im-
proved system for removing steam condensate from steam
utilizing equipment, the system being arranged so that it
provides positive control of condensate drainage, thereby
permitting a controlled amount of steam to be withdrawn
with the condensate and assuring complete drainage of
the steam condensate.

A still further object of the invention is to provide an
improved system for removing steam condensate from
steam-utilizing equipment, the system involving relatively
inexpensive components, being reliable in operation, and
assuring maximum rate of heat transfer to the equipment,
whereby the equipment may be efficiently employed for
performing process work requiring heat transfer.

A still further object of the invention is to provide an
improved method and means for removing steam con-
densate from steam-utilizing equipment of the type em-
ploying the latent heat of steam, the means being arranged
so that it requires a minimum amount of maintenance,
has high sensitivity to the presence of live steam in the
condensate drain line, and is especially useful in process
work, such as plastic moulding, air heating at high tem-
peratures, contact heating of moving material over a
heated platen or roll, or the like, or in other operations
involving the use of extremely high steam pressures, the
apparatus being characterized by the absence of steam
traps and therefore being relieved of maintenance prob-
lems ordinarily connected with extremely high pressure
steam traps. , :

A still further object of the invention is to provide an
improved system for removing steam condensate from
steam-utilizing - equipment, the system providing close
control over the utilization of the steam and arranged so
that it prevents excessive steam waste.

Further objects of the invention will become apparent
from the following description and claims, and from the
accompanying drawings, wherein:

Figure 1 is a schematic view of a steam-utilizing system
constructed and arranged in accordance with the present
invention. : .

.- Figure 2 is an enlarged vertical cross sectional view
taken through the differential pressure control valve em-
ployed in the system of Figure 1. '

Figure 3 is an enlarged cross sectional view taken
through one of the restriction elements of the system on
the line 3—3 of Figure 1. o
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Figure 4 is an enlarged longitudinal vertical cross sec-
tional view taken through the pressure impulse amplifying
device employed in the system of Figure 1.

Referring to the drawings, Figure 1 illustrates a typical
steam-utilizing system arranged in accordance with the
present invention. Designated at 11-is a high pressure
steam line leading from a source of high pressure steam,
said steam line being connected to a steam header 12
through a manually controlled valve 13. Designated at
14 is an exhaust header which is connected to the con-
densate drainage line 15 leading to a suitable vented con-
densate receiver not shown.

Designated at 16 are a plurality of steam-utilizing de-
vices, for example, heating devices employed in process
work, said devices utilizing the latent heat of the high
pressure steam admitted thereto. Thus, the heat transfer
devices 16 are supplied with live steam from the header
12 through inlet conduits 17, as shown in Figure 1, the ex-
haust steam leaving the devices 16 through discharge
conduits 18. The discharge conduits 18 are connected
to the exhaust steam header 14 through respective restric-
tion devices 19 which comprise sleeve members 26 pro-
vided with internal transverse walls 21 formed centrally
with a restriction 22, as shown in Figure 3, defining an
orifice, the orifice being calibrated or dimensioned to
handle the maximum gquantity of condensate that its as-
sociated steam-utilizing device 16 can produce in a given
period of time under a predetermined pressure differential
across the orifice.

The aforesaid pressure differential across the orifices
22 js controlled by a pressure differential responsive valve
designated generally at 23, said valve being conmected in
the condensate drain.line 15 and being controlled in ac-

~cordance with the difference in pressures in the steam

line 11 (and steam header 12) and the condensate drain-
age line 15.

As shown in Figure 2, the pressure differential-respon-
sive valve 23 comprises a frame 24 to one end of which is
secured a diaphragm housing 25 and to the other end of
which is secured a plunger valve housing 26. Housing 26
comprises a first chamber 27 and a second chamber 28
separated from the first chamber by a wall 29 in which
are provided valve apertures receiving a plunger mem-
ber 30, said plunger member being provided with valve
elements which are adapted to seat in the aperiures in the
wall 29 to close off said wall and seal space 28 from space

27 responsive to the axial movement of the plunger in an

upward direction, as viewed in Figure 2. In the specific
arrangement shown in Figure 2, the wall 20 comprises
top and bottom sections, each formed with an aperture,
and the plunger member 30 comprises top and bottom
valve elements 31’ and 31 engageable in corresponding
apertures in the top and bottom portions of the wall 29
so as to provide a double sealing action. The valve is
provided with a supporting rod 32 which extends slidably
through a bearing sleeve 33 mounted in the frame 24
and provided at its bottom end with a flange 34. A coiled
spring 35 surrounds the lower portion of the rod 32 be-
low the flange 34, bearing between flange 34 and a collar
36 mounted on the rod, biasing the rod downwardly,
as viewed in Figure 2, namely, toward a position wherein
the valve is open. : - L

The lower portion of the rod 32 extends slidably and
sealingly through a suitable sealing bushing 37, into the
diaphragm housing 25, and is secured to the central por-
tion of a flexible diaphragm 38 mounted in housing 25
in the manner illustrated in Figure 2. “Thus, the dia-
phragm 38 divides the diaphragm housing 25 into an
upper chamber 39 and a lower chamber 40,

The lower chamber 40 of diaphragm housing 25 is
connected by a conduit 41 to one end of the high pres-
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~ sure steam supply header 12, whereby the pressure of the
live steam in the header 12 opposes the action of the
‘coiled spring 35. The upper-chamber 39 is connected to
the condensate drainage line 15 by a conduit 42 through
a pressure impuise amphfymv ‘device: 43,50 that the cham-
ber 39 is exposed to the pressire ‘in the lme 15 through
the aforesaid amphfymg devrce 43.

Basically, the apparatus is arranged to operate m ac-,

cordance with the differsice in pressure between the steam

supply line- 11 and _the "condeiisate dram lme 15, the-

pressure amplifying devrce 43 being- employed merely 1o
increase the sensitivity of the system. AS above men-
tioned, the orifices 22 are dimensioned to handle the
maximum ‘quantity of condensate produced in.a given
period ‘of time under a predetermmed pressire differens
tial thereacross by the devices 16, The pressure’ dlﬁeren-
tial across the orifices is controlled by the: pressure-
responsive valve 23, since the -valve 23 responds to the

difference in pressure between that of the steam in the

header 12 and the sieam in the.condensate line 15.
The general ‘operation ‘of the system is as follows:
Steam enters the header 12 from the high pressure ling 11

and passes through the steam-utilizing devices 16, where-

ing the latent heat of the steam is extracted to perform
the required process work. As a result of the heat trans-

fer, condensate will form, the condensate being discharged.

from the devices 1§ through their discharge conduits
18 and passing through the calibrated orifices 22 of the
restriction devices 19 into the exhaust. header 14, and

thenée to the condensate drainage line 15 and through the

top portion-of . the pressurc-responsrve valve device 23
to the vented condensate receiver employed with the sys-
tem. Therefore, steam condensate and -a - controlled
amount of steam fiow from the devices 1§ throuﬂh the
orifices 22 into the condensate header 14 arnd through the
condensate drainage line 15. The steam condensate and
a controlled amount of steam pass through the top por-

- tion"26 of the pressure-responswe valve 23 to the vented -
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discharge line 15 and contains a nozzle rrxember 51 having

" the reduced d1scharge spout portion 52 located substan-

tially axially in'the body 50 and drschargmg down-stream,

,namely, toward the condensaie receiver. The conduit 42

is connected to the body 43 at a point laterally adjacent
to. the discharge end of the nozzle spout element 52, as
is clearly shown in Figure 4, and is thus exposed to the

: pressure in the area laterally ad] acent to the discharge end
© of the nozzle spout 52.--The direction of flow of the

10

fluid is to the right, 4s vrewed in Figure 4. When the
fluid enters. the nozzle member 51 ifs flow is ‘accelerated
by the passage thereof through the reduced spout portion

52, and the kinetic energy of the fluid discharged from

15

- the spout portion 52 causes a-“vena contracta” in the

zone surrounding the tip of the nozzle element 52, thus
creating a zone of substantially reduced pressure around
the nozzle tip. This reduced pressure is sensed by the

. upper chamber 39 of the diaphragm housing 25 through

20

the conduit 42, causing a mioré rapid response of the
valve 23 to changés of the finid in the condensate drain-
age line 15 than would be otherwise obtained. For
example, assumé that the condensate is flowing from the

 steam-utilization devices 1§ at the desired normal rate,

* whereby the desired pressure differeatial exists . between

25

chamber 40 and chamber 39 of the pressure differential-
respomsive valve 23. Should live steam appear in the
condensate drainage line 15 for any reason, the steam

__ will pass through the nozzle device 51 and create a sud-
- den decrease in pressure in the zone surrounding the

30

nozzle tip 52, which will be sensed by the upper dia-
phraom chamber 39 of valve 23. 'The decrease in pres-
sure in chamber 39 fhus acis to increase the pressure

. differential acting on'thé valve, moving the vaive rod 32
‘ upwardly téward “closing pos;trm, and thus restr1ctmg

35

condensate receiver or other  device employed in the

densate. 'The-pressure-responsive valve device 23 is ad-

justed to allow complete drainage of the condensate plus
a small amount of steam. Adjustment of the valve 23

is accomplished by ad]ustmg the position- of the sprmo
bearing member 33, which is threadedly engaged in the
intermediate portion of frame 24, as clearly shown in

Figure 2, so that its position. may. be readﬂy changed,-

and so that the biasing forcé of the sprmg 35 may be
réadily adjusted.

Spring 35 normally’ ‘biases the valve plunoer rod ‘32
downwardly, as viewed in Figure 2, hafiely, toward a

position wherein 'the valve is open.. Thé pressife of the

live steam in the header 12 acts in the bottom chamber

40 in opposition to. the “spring “35, theéréhy . fending. 10,

urge the valveplunger 32 upwardly, namely, toward

" --closing posmon of the valve. -The pressure iri the cham-
ber 40-is opposed by the pressure in the chamber -39,

system for the collection and storing of the steamn con- 40

the flow in the condensate line' 15.  The valve 23 is thus
caused to overtravel in response to the impulse_ created
by the “vena contracta,” whereby the “yena contracta” .

_ 1io-Ionger exists due to the increased restriction in the

condensate drainage line 15, affer which the valve 23
regains control at the desued control point under the in-
ﬂuence of the true pressure. differential across the system

The pressure impulse amphfymg device 43 thus pro-
vides closé -#nd instantancous’ conirol of the system and

© prevents excessivé steam waste which- would otherwise

45

1esult from sluggish control response.
- As will be apparent from the abbve description, the
calibrated ‘orifices 22 are employed in place of steam traps

. and their flow capacity is controlled by :the: difference in

50

pressiire across the orifices as set up- hy the pressure dif-
Iercntral-responswe control valve 23, in. combination with
the calibrated  orifices.  Positive control of condensate
drainage is provided;, by the adjustment of the valve 23,

. dsabove explamed which pérmits a controlled amount of

55

namely, by the pressure in the condénsate drainage- ling -
transfer from one material to another.

- 15; whereby to-provide a’ predetermmed degrée of open-'

- ing of the valve 23 under normal cornditions of operatron
of the system. - If more thas the desired amotiff of pres-
sure-is present in the condensate .drainsge line 15, the

pressure in the upper diaphragm chaimber 39 increases,

60

thereby actmg to move, the valve rod 32 down‘vardl/,"

- and increasing the degree “of “opening “of_ ths_valvé. 23,
-allowing the pressure in the condensite dr#inagé Tine 15 to
* be reduced, thereby increasing the pressuie “differéatial
across the orifices 22 and thus increasing the. throttling

" action’ of said. orifices, whereby the- proportion of con-

densate to vapor at the discharge side of the orifices
is increased, ‘and -whereby the amount of vapor in the

.condensate discharge header 14 is consequently reduced

to- the desired permissible amount.

.’ The -pressure impulse amiplifying device 43 ‘comiprises’

a mam'condurt section 50 connected in the condensate

65

70

steam to-be withdrawn with the condénsate, ~assuring
complete drainage of the steam condensate, Thus, assur-
ance is prov1ded for obtaining the maximum rate of heat
transfer in g device 16 of the type employing the latent
heat of steam for performing process work requiring heat

The pressiré-responsive valve 23 is conventronal _per se,
and in itself forms no part of the present invention:
While a specific’ embodiment of an unproved trapless
steam condensate system has been disclosed: in. the fore-
""" will be: understood that various modi-
lrcauons wrthm the Spirit of-the invention may. occur to
those skilled-in the ark:- Therefore, it is intended that
no limitations bé placed on the invertion except as de-
fined-by the scope of the- appended claims.
What is claimed is:
. In a’systém-of ‘thé’ character “described; a hlgh pres-
sure steam lizie, & steam-utrhzmg devrce having an infake
conduit and an exhaust-- ‘conduit, méans connecting the

. ‘intake conduit to thé steam hne, & condensate drainage

75

line,; conduit mean§ connecting said’ éxhaust- condiiit to
said drainage line, a restriction in- sard last:-named condmt
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means, a nozzle element mounted in said drainage line
and defining a restriction therein adapted to develop a
reduction in pressure at its discharge side responsive to the
passage of live steam through the nozzle element, a pres-
sure-responsive valve mounted in said drainage line on the
discharge side of said nozzle element, and means con-
trolling said valve in accordance with the difference be-
tween the pressure in the steam line and the pressure in
the drainage line adjacent the discharge end of said nozzle
¢lement.

2. In a system of the character described, a high pres-
sure steam line, a steam-utilizing device having an intake
conduit and an exhaust conduit, means connecting the
intake conduit to the steam line, a condensate drainage
line, conduit means connecting said exhaust conduit to
said drainage line, a restriction in said last-named conduit
means, a nozzle element mounted in said drainage line and
defining a restriction therein adapted to develop a reduc-
tion in pressure at its discharge side in accordance with
the amount of live steam passing' through the nozzle
element, a normally open pressure-responsive valve
mounted in said drainage line on the discharge side of said
nozzle element, and means controlling the degree of clos-
ing of said valve in accordance with the difference be-
tween the pressure in the steam line and the pressure in
the drainage line laterally adjacent the discharge end of
said nozzle element.

3. In a system of the character described, a high pres-
sure steam line, a steam-utilizing device having an intake
conduit and an exhaust conduit, means connecting the
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intake conduit to the steam line, a condensate drainage
line, conduit means connecting said exhaust conduit to
said drainage line, a restriction in said last-named conduit
means, a nozzle element mounted in said drainage line and
defining a restriction therein adapted to develop a reduc-
tion in pressure at its discharge side in accordance with
the amount of live stcam passing through the nozzle
element, a mnormally open pressure-responsive valve
mounted in said drainage line on the discharge side of
said nozzle element and including a diaphragm chamber
provided with a flexible diaphragm constructed and ar-
ranged to confrol the degree of closure of the valve in
accordance with the difference in pressures on the oppo-
site sides of said diaphragm, a first conduit connecting the
portion of the diaphragm chamber on one side of said
diaphragm to the high pressure steam line, and a second
conduit connecting the portion of the diaphragm chamber
on the opposite side of said diaphragm to said drainage
line at a point laterally adjacent the discharge end of said
nozzle element.
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