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DESUPERBEATER 
Henry C. Wheaton, East Orange, N. J., assignor 
to Bailey Meter Company, a corporation of Del 
avare 

Application June 24, 1937, Seria No. 150,060 
9 Claims. 

This invention relates to a desuperheater for 
partially or completely desuperheating vapor. 

It is well known to desuperheat a flowing 
stream of vapor, such as steam for example, by 

5 provdding a spray ring or nozzle through which 
Waterflows in amore orlessatomized or broken 
up condition into the stream of flowing vapor. 
Such a System is satisfactory When the pressure 
drop across the spray ring or nozzle corresponds 

10 to that for which it was designed. However, 
if used on a variable flow, necessitating throttling 
of the supply of desuperheating fluid in order 
to maintain a constant temperature of the de 
Superheated vapor, the arrangement is not satis 

5 factory, as the fluid then is not atomized or 
broken up º but leaves the ring or nozzle in a 
more Or less solid stream So that intimate mix 
ing with the vaporis not obtained. It has been 
found in commercial practice that a desuper 

20 heater designed to properly desuperheat a given 
maximum vapor flow will not operate satisfac 
torily if the flow is reduced below about 50% 
of the said maximum. 

It is therefore one object of my invention to 
25 provide a desuperheater wherein the desuper 

heating fluid is maintained in suspension in a 
finely atomized condition until vaporized regard 
less of the rate of Vaporfidow. 

It is a further object of my invention to pro 
30 vide apparatus stable in operation, economically 

constructed and readily installed. 
Still another object of my invention is to pro 

Vide apparatus for controlling the rate of flow 
of desuperheating fluid to the desuperheater so 

35 that a constant vapor temperature at the out 
let of the desuperheater is maintained regard 
less of changes in the rate of flow of vapor past 
the desuperheater. 

It should be understood that the termºde 
40 Superheated vaporº or “desuperheated steamº 

as used in this specification applies to vapor or 
steam which may be only partially desuperheat 
ed and not necessarily to zero degrees of super 
heat unless a specific statement is made indi 

4º cating that partial or complete desuperheated 
vaporis intended. 

In the drawings: 
Fig. 1is a diagrammatic illustration of a de 

superheater embodying my invention. . 
Fig. 2 is a cross sectional view to larger scale 

of the discharge nozzle assembly shown in Fig. 1. 
Fig. 3 is an end view of the discharge nozzle 

assembly shown in Fig. 2 along the line 3-3 
35 in the direction of the arrows. 

(C. 261-116) 
Fig. 4 is a view to larger scale along the line 

4-4 of Fig. 1 in the direction of the arrows. 
In accordance with the present invention there 

is provided a conduit f through Which a super 
heated vapor such as steam flows in the direc- 5 
tions indicated by the arrow. Extending into 
the conduit l is a tube 2 carrying at its end 
a discharge nozzle assembly generally indicated 
at 3. Desuperheating fluidi is discharged from 
the nozzle 3 in the form of a hollow cone, and 0 
is vaporized by the vapor to be desuperheated. 
As shown in Fig. 1 the discharge nozzle 3 points 
down stream. However, the direction of dis 
charge may be reversed if desired. 

Desuperheating fluid such as wateris supplied 6 
the nozzle 3 through an innner tube 4 within 
the tube 2, connecting to a pipe 5 leading from 
any suitable Source of Supply (not shown). Lo 
cated in the pipe 5 is a valve 6 for regulating 
the rate of flow of water to the desuperheater. 20 
As shown in Fig. 2, threaded to the end of 

inner tube 4 is a block 7 in which are passage 
Ways 8 for conducting Waterto an annular chan 
nel 9 cut in the Outer Surface of the block. A 
plurality of passageways 8 are provided to give 25 
a uniform flow of Water to the annular 
channel 9. 

Held against the outer surface of the block 7 
by a shrouding ring 0 is a nozzle tip l' having 
an aXdally located port or orifice 2 through 30 
Which Wateris discharged into the vapor to be 
desuperheated. On the inlet side of the orifice 
2 is a circular chamber 3 to Which Wateris 

supplied through a plurality of tangential pas 
sageways 4, as shown more clearly in Fig. 3. 35 
The annular channel 9 is located so that the 
outer ends of the passageways f4 communicate 
thereWith. Accordingly, Water flows from the 
inner tube 4 through the passageways 8 to the 
annular space 9 and thence through the passage- 40 
Ways 4 to the cylindrical chamber 3, Whence 
it is scharged into the conduit l through ori 
fice 2. 
The tangential arrangement of the passage 

Ways 4 imparts to the water upon entering the 45 
chamber 3 a rapid rotary or whirling motion, 
which causes the water to be discharged tangen 

i tially through the orifice i 2 in the form of a 
hollow conical spray. To further impart to the 
Watera desired conical shape I show the outer 50 
face of the nozzle tip il dished, the angle of 
divergence of which may be varied in accord 
ance with the conditions to be met in any par 
ticular installation. Thus under some condi 
tions I may find it advisable to have the outer SS 
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2 
face substantially flat, and under other condi 
tions to have a sharp angle of divergence. The 
rate at which water is discharged through the 
orifice 2 may be varied by means of the regu 
lating valve 6 to maintain a desired temperature 
of the desuperheated vapor. 
Under normal operating conditions the rotary 

motion of the water set up in the chamber 3 
is sufficient to eject the water in a Well defined 
conical shape. Under the condition, however, 
of Irelatively low rates of steam flow, when a rel 
atively small amount of water is required to 
maintain a desired temperature of the deSuper 
heated steam, the water Will not be discharged 
through the orifice 2 in this condition, but Will 
be ejected therefrom in a more or less solid 
stream having a tendency to trickle down the 
dished face of the nozzle tip il Before the dis 
charged water has an opportunity of becoming 
intimately mixed with the superheated steam, 
it is thrown against the inner wall of the con 
duit 1 or is carried down the conduit in the 
form of solid drops of water. This condition is 
undesirable in that a non-uniform temperature 
of the desuperheated vapor results and further 
more the water may be carried over into a vapor 
consuming apparatus, such as a steam turbine, 
and occasion considerable damage to the work 
ing parts thereof. To avoid this condition I 
provide means for finely atomizing the Water 
regardless of the rate of discharge and formain 
taining the water in the desired conical shape 
so that ample time is available for the Water 
to become intimately mixed and vaporized by 
the steam to be desuperheated. 

Referring to Fig. 4, there are arranged cir 
cumferentially about the discharge orifice 2 a 
plurality of ports or nozzles 5, communicating 
by means of passageways 6 to an annular Space 

(shown in Fig. 2) in the outer face of the block 
. The annular space i communicates by means 

of passageways 18 with the annular Space formed. 
by the tube 2 and inner tube 4. Asshown in Fig. 
1 this annular space is connected to a pipe 9 
leading to a suitable source of steam (not shown) 
under a higher pressure than that of the steam 
Within the conduit. f. Steam passing through 
the pipe 9 is discharged through the ports 5 
undera relatively high Velocity, and upOn striking 
the Water discharged from the orifice 2 shatters 
it into a finely divided state. 
The passageways 6 pass obliquely through the 

nozzle tip f l so that a diverging cone is formed 
by the discharged steam. The angle of diver 
gence of the cone so formed may be varied by 
changing the obliquity of the passageways 6. 
The obliquity necessary in any specific case to 
produce optimum results will depend upon the 
particular, conditions incident to that case. In 
general, Imay obtain any desired atomizing effect 
by varying the obliquity of the passageways 6. 

In the embodiment of my invention illustrated, 
the passageways 6 are further illustrated as ar 
ranged So that the projections of their center 
lines to the plane of the passageways 4 are sub 
stantially parallel to the adiacent passageway as 
shown in Fig. 3. This in effect causes the dis 
charged steam to form a cone enveloping the cone 
of Water discharged through the orifice f2. It is 
apparent that by havng the projected centerlines 
form an angle with the passageways f the two 
cones may be caused to intersect at any desired 
distance from the outer face of the nozzle tipll. 
To further illustrate I have shown in Fig. 3 the 
projected centerline 20 of a passageway 6 form 
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ing an angle A With a radial line passing through 
the discharge port of the passageway. With the 
angle A, as shown, the jet of steam issuing from 
the discharge port 15 does not materially inter 
fere With the Waterissuing from the orifice 2 so 
long as the lattermaintains a predetermined coni 
cal shape. However, if due to a low discharge 
rate through the orifice 2 the Water discharges 
therefrom in a stream tending to trickle down 
the face of the nozzle tip , the steam issuing 
from the port i5 at a relatively high velocity Will 
strike the water, breaking it up into a finely atom 
ized condition and carry it in suspension for a 
sufficient length of time to become vaporized by 
the steam flowing through the conduit . By de 
creasing the angle Athe interference between the 
steam issuing from the port 5 and the Water 
issuing from the orifice 2 is increased, and When 
the angle A is reduced to zero the jets of steam 
issuing from the port 6 Will meet at a point dis 
tant from the orifice 2, varying with the obliquity 
of the passageway 6 With respect to the longi 
tudinal center line of the nozzle tip Il. 

If the angle A is made negative, that is if the 
projected centerline 20 lies on the opposite side 
of the radial line than shown, then a further 
turbulent action between the Water and steam 
Will be obtained, as the jets of Steam Will thenbe 
discharged in opposite direction to the general 
direction of discharge of the Water through the 
orifice 2. 
AS stated, When the angle A is zero the jets of 

steam converge at a point beyond the orifice 2. 
The distance of the point of convergence from 
the orifice 2 may be varied by varying the angle 
of obliquity of the passageways 6.. Thus if the 
passageways 6 pass through the nozzle tip 5 
parallel to the axis thereof, it is apparent that the 
steam jets Will be parallel With respect to each 
other and the point of convergence Will lie at 
infinity. As the passageways 6 are made more 
oblique the point of convergence approaches the 
face of the orifice 2. It is apparent, therefore, 
that by Varying the angle With Which the pas 
sageways i6 pass through the orifice tip di I 
may produce any desired interference between 
the steam jets and the Water discharging through 
the orifice 2. 
To further promote intimate mixing between 

the Steam passing through the conduit ? and the 
Water discharging through the orifice 2, I show 
arranged about the nozzle assembly 3 a plurality 
of blades 2 arranged obliquely with respect to 
the center line of the conduit . 
Figs. 1 and 4, the blades 2 are arranged to impart 
a circular motion to the steam in opposite direc 
tion to the general direction of the Waterissuing 
from the orifice 2. Accordingly, upon the Steam 
meeting the water, a high relative velocity is 
maintained therebetween so that the particles of 
Waterare constantly in engagement With highly 
Superheated steam. That is, a scrubbing action 
occurs betWeen the particles of Water and the 
particles of steam, tending to maintain the par 
ticles of Waterin suspension and to rapidly vapor 
ize them. 

In Fig. 1. I show the Valve 6 arranged to be 
automatically positioned to regulate the rate at 
Which Water is discharged from the nozzle 3 to 
maintain a desired temperature of the deSuper 
heated vapor, Therein I disclose a thermometric 
system comprising a temperature sensitive bulb 
22 located in the conduit il beyond the nozzle 3, 
connected to a Bourdon tube 23 by a capillary 24. 
As known, the system may be filled with a gas, 
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4 
to be desuperheated adiacent sald discharge 
orifice. 3. A desuperheater comprising, a chamber 
having an orifice through Which desuperheating 
liquidis discharged into the vaporto be desuper 
heated, and a plurality of nozzles for injecting 
vapor at a relatively high velocity into the zone 
beyond said orifice wherein said desuperheating 
liquid is being vaporized by the fluid to be 
desuperheated. 

4. A desuperheater comprising, a chamber 
having an orifice through which the desuper 
heating fluidi is discharged into the vapor to be 
desuperheated, and a plurality of nozzles ar 
ranged. circumferentially about said orifice to 
discharge vaporat a relatively high veloèity into 
the mixture of desuperheating fluid and vapor 
to be desuperheated. 

5. A desuperheater comprising a chamber 
having an orifice through which desuperheating 
fluidis discharged into the vapor to be desuper 
heated, means for discharging said fluid from 
said orifice in the form of a diverging cone, and 
a plurality of nozzles arranged about said orifice 
for discharging vaporata relatively high velocity 
in the form of a second cone enveloping said first 
COC, 

6. A desuperheater comprising a chamber 
having on orifice through which desuperheating 
fluidis discharged into the vaporto be desuper 
heated, means for discharging said fluid in a 
direction having a component tangential to the 
vall of said orifice, a plurality of nozzles ar 
ranged about said orifice, and means for dis 
charging vapor from said nozzles in a direction 
having a component tangential to said orifice. 

7. A desuperheater comprising a cylindrical 
chamber having an axially located port through 
Which the desuperheating fluidis discharged into 
the vaporto be desuperheated, a connection to 
said chamber extending tangentially of the 
curved Wall of said chamber for admitting de 
superheating fluid to the chamber, and a nozzle 
the center line of Which is angularly inclined 
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With respect to the plane of saidi orifice and the 
projection of Which to the plane of said con 
nection is substantially parallelto said connec 
tion for discharging vaporinto the vaportobe 
desuperheated, 

8. A desuperheater for desuperheating flowing 
vapor, comprising in combination, a conduit 
through Which the vapor to be desuperheated 
flows, a chamber having an orifice axially lo 
cated in said conduit through which desuper 
heating fluid is discharged to the vapor to be 
desuperheated, means for producing a rotary 
motion of said fluid in one direction, a plurality 
of nozzles arranged. circumferentialy around said 
orifice for discharging streams of vapor into 
said conduit substantially parallel to the stream 
of desuperheating fluid discharged from said ori 
fice, and means for producing a rotary motion 
of the vapor to be desuperheated passing said 
desuperheater in opposite direction to the rotary 
motion of said desuperheating fluid. 

9. A desuperheater for desuperheating a flow 
ing vapor comprising, a conduit through which 
the vapor to be desuperheated flows, a plurality 
of Vanes in said conduit for producing a rotary 
motion of said flowing vapor, a second conduit 
within the first conduit axially aligned there 
with, a nozzle member closing one end of said 
conduit provided with a plurality of angularly 
disposed passageways for discharging a second 
vapor into said first conduit in a conica form, 
a third conduit aXdally aligned with and within 
said second conduit closed at one end by said 
nozzle member; said nozzle member provided 

O 

5 

With a plurality of tangentia convergent canals 5 
terminating in a common chamber having an 
axially positioned discharge orifice and forming 
a cone diverging axdally from said orifice from 
the face of Which emerges the passageways of 
Said second conduit from which the vapor dis 
charged impinges angularly on the oppositely 
Whirling desuperheating liquid spray from said 
Orifice, 

EENR C. VVEEATON. 


