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1. MAIN FEATURES

Fixed and variable area spray nozzle are the simplest desuperheating system, they are installed at the extremity of a probe
which is inserted inside the pipe in order to spray the desuperheating fluid in the centre of the superheated steam stream
or at the pipe wall, radially oriented and connected by a water distribution line, for multiple nozzle installations.

The flow control is performed through a control valve installed upstream nozzle(s) while the function of nozzles is the
water vaporization.

The water vaporization is realized through the conversion of nozzle pressure drop to kinetic energy. The more is the
pressure drop, the more kinetic energy and the water atomization better. To avoid mechanical damage to the nozzle and
for a satisfactory nozzle lifetime, the maximum pressure drop is limited to a maximum value, which limits the maximum
nozzle turn down.

Two different types of nozzles are available, the fixed area DS-3200 and the variable area DS-3400 with different flow
capacity ranges and different operating turn-down.

The two desuperheater series DS-3200 and DS-3400, available with different range flow coefficients, mainly differ for the

principle of operation.

DS-3221 desuperheater with two fixed area nozzles DS-3411 desuperheater with single variable area nozzle

The fixed area nozzles convert the pressure energy in | The variable area nozzles impress to the fluid a high
kinetic energy by giving a rotary component to the fluid | velocity divergent conical trajectory in the narrow space
producing atomization at nozzle outlet due to the | between the plug and the nozzle, producing water
centrifugal force. atomization at nozzle outlet.
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2. FIXED AREA NOZZLE DESUPERHEATERS SERIES DS-3200

DS-3200 are Fixed Area nozzles with optimized spray pattern that can operate with pressure
differential up to 60 bar, allowing a maximum theoretical turn-down 10 to 15 depending on
the minimum operating pressure drop and nozzles dimension.

Being the available water to steam pressure drop often lower than the maximum allowed,
and the nozzle capacity selected from the tabulated values, the real system turn-down is
always lower than the maximum theoretical value.

The optimized spraying pattern of these fixed area nozzles allows, within the appropriate
pressure drop limitations, an efficient and precise steam desuperheating also at very low
steam velocities, by using the smallest nozzles capacities.

When the required nozzle capacity is outside the available range for fixed area nozzles or the
resulting system turn-down is not acceptable, then variable area spray nozzles can be used.
Fixed area available nozzles capacities are within Cv = 0.011 and Cv = 0.815; nozzles can be
installed in a single or multiple nozzle probe.

2.1. DS-3200 FIXED AREA NOZZLE SERIES

Minimum Minimum Minimum
NOZZLE '
Flow Passage Pressure Drop Steam Velocity (1)
CODE
mm bar m/s
S00 0.8 0.2 1.5
S05 1.0 0.2 2
S10 1.2 0.2 3
S20 1.5 0.2 5
S30 2.0 0.2 8
S35 2.5 0.2 10
sS40 2.0 0.5 10
S45 2.5 0.5 10
S50 2.8 0.5 10
M40 4.0 0.5 10
M50 4.8 0.5 10

M Minimum required steam velocity at injection point.

Minimum steam pipe diameter for installation and maximum available nozzles capacity (Cv).

DS-3210 DS-3220
NOZZLE Steam NPS 1 1/2 Steam NPS 2 Steam NPS 3
N2 1 NOZZLE 2 NOZZLES 3 NOZZLES 2 NOZZLES 3 NOZZLES
S 0.29 0.58 0.87 - -
M - - - 1.73 2.44
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2.2. DS-3200 MATERIALS OF CONSTRUCTION

DS-3210

(a1}

—150

NOZZLE DETAIL

{37 )

DS-3220

150

BASIC CLASS > STANDARD INOX
MATERIAL - Carbon steel Gr.22 Gr.91 316L 304L
BASIC CLASS CODE - A B C D E
Temperature Range >
TEM PART NAME -29°C / +427°C 0°C / +560°C 0°C/ +600°C -196°C / +343°C
36 VORTEX GENERATOR AlISI 410 NITRONIC 50
37 SPRAY NOZZLE 1-4913
41 GASKET GRAPHITE
140 BODY A105 A182 F22 CI.3 A182 F91 A182 F316L A182 F304L
150 DATA PLATE AlSI 304
2.3. DS-3200 MASSES
Listed masses, in kg, are calculated for same water side and steam side rating.
STANDARD CONFIGURATION CLASS 150 CLASS 300 CLASS 600 CLASS 900 CLASS 1500
1/2"x11/2" 6 7 9 18 18
1/2" x 2" 6 8 10 20 20
3/4" x 2" 7 9 11 22 22
1" x 3" 13 16 19 39 39
STANDARD CONFIGURATION PN 10/16 PN 25/40 PN 63/100 PN 160 PN 250
1/2"x11/2" 6 6 10 11 15
1/2" x 2" 7 7 11 12 17
3/4" x 2" 8 8 13 13 18
1" x 3" 14 14 23 24 33
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2.4. DS-3200 DIMENSIONS

Water ‘F1 Water connection

m N (1) Hole for nozzle orientation pin to be executed
between flange holes
| b

F2
Steam connection

=
N NH S (S
F
< N\
& D Min.
DS-3210 - i
Steam o
I B _ _ B \ _ _ _ _ _ £
DS-321C / DS-322C TYPES WITH INJECTION CHAMBER
/ WITH or WITHOUT STEAM LINER
, /
c
L
A h
C L
o Pipe F1=1/2"-3/4" F1=1" F1=1/2"-3/4" F1=1"
4" 235 ; 150 520
6" 235 255 180 580
8" 235 255 200 620
10" 235 255 200 640
12" 260 280 200 660
14" 275 295 200 690
16" 300 320 235 255 200 720
18" 325 345 200 750
20" 350 370 250 830
22" 380 400 250 850
24" 405 425 250 880
26" 430 450 250 910
28" 455 475 250 940
F1 B F2 @D MODEL | NOZZLE
1/2" 140 1.1/2" 38 DS-3210 »
1/2"-3/4" 140 2" 49
DS-3220
1" 180 3" 67 IIMII
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3. VARIABLE AREA NOZZLE DESUPERHEATERS SERIES DS-3400

DS-3400 Variable Area nozzles are characterized by a spring energized plug closing the

spraying nozzle up to a given pressure differential. Over the nozzle set pressure the plug
opens, proportionally to pressure differential, producing a variable flow coefficient value

up to the nominal one.

The above solution allows to increase the system turn-down up to 30 thanks to the

variable nozzle capacity with pressure, that produces a pressure drop increasing with
water flow approximating linear instead than quadratic as for fixed area nozzles.
The closing of the plug also produces a minimum back pressure downstream the water

control valve at opening, and prevents the emptying of the water distribution circuit,

guaranteeing an immediate response of the system upon opening.

Cv/C . . . .
3.1. DS-3400 FIXED AREA NOZZLE SERIES i | 725 b [10.25 bor ] [13.25 ] [22:25 oo
1.0
Different sizes with different spring set are available.
NOZZLE SPRING SET - bar /
0.8
TYPE v 1.0 2.0 3.0 6.0
VA-13 0.81 (o] [ ] °
VA-19 1.63 o ° [ ® 0.6
VA-27 3.25 (0] (] L] L Set: 1 bar
VA-38 6.5 ° ° ° ° Set: 2 bar
o 0.4 ——Set : 3 bar
VA-45 9.2 ° ° ° ° ——Set : 6 bar
' To avoid
O Not suggested when water retaining is required 02
® Suitable for any application
Ap - b
3.2. DS-3400 MATERIALS OF CONSTRUCTION 00 P
0 5 10 15 20 25 30 35 40
DS-3410 / DS-3420
BASIC CLASS > STANDARD INOX
MATERIAL - Carbon Steel Gr.22 Gr.91 316L 304L
BASIC CLASS CODE -> A B C D E
T ture R
emperatureRange 3 | ) q50c /4497°c 0°C / +560°C 0°C / +600°C -196°C / +343°C
ITEM PART NAME
110 NOZZLE ASSEMBLY SEE DEDICATED TABLE
140 BODY A105 A182 F22 CI.3 A182 F91 A182 F316L [ A182 F304L
150 DATA PLATE AlSI 304
DS-3430
BASIC CLASS > STANDARD INOX
MATERIAL - | Carbon Steel Gr.22 Gr.91 316L 304L
BASIC CLASS CODE -> A B C D E
T ture R
emperature Range 3 | 5 /,ap7°c|  o°c/+560°C 0°C / +560°C +560°C / +600°C -196°C / +343°C
ITEM PART NAME
110 | NOZZLE ASSEMBLY SEE DEDICATED TABLE
130 BLIND FLANGE A105 | A182F2203 | A182 F91 A182 F316L A182 F304L
131 | NOZZLE HOLDER A182 F6NM A182 F316L A182 F304L
NOZZLE HOLDER
132 GASKET AISI 316+GRAPHITE
133 FLANGE GASKET AISI 316+GRAPHITE
134 STUD A193 B7 A193 B16 A479 XM19 A193 B8M Cl.2
135 NUT A194 2H A194 8M
NOZZLES
SERVICE APPLICATION >
STANDARD INOX
ITEM PART NAME
111 NOZZLE AIS| 410 260 HB NITRONIC 60
112 PLUG 1.4913 NITRONIC 50
113 SPRING INCONEL 750 (1) INCONEL 750 ST
114 ADJUSTING NUT AISI 410 AlS| 304
115 LOCK WASHER AISI 304 ANNEALED
116 NUT AISI 304
117 NOZZLE LOCK WASHER AISI 304 ANNEALED
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DS-3410
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DS-3430

VA - NOZZLE ASSEMBLY

3.3. DS-3400 MASSES

Listed masses, in kg, are calculated for same water side and steam side rating.

STANDARD CONFIGURATION CLASS 150 CLASS 300 CLASS 600 CLASS 900 | CLASS 1500
1/2"x 2" 5 7 8 17 17
1" x 3" 13 16 18 27 33
1.1/2" x 4" 18 24 32 41 49
2"x4" 20 26 34 48 55
2"x6" 28 39 58 81 103
STANDARD CONFIGURATION PN 10/16 PN 25/40 PN 63/100 PN 160 PN 250
1/2"x 2" 6 6 10 10 14
1" x 3" 11 13 19 20 28
1.1/2" x 4" 15 18 27 30 39
2" x 4" 19 20 30 33 42
2"x 6" 27 29 51 58 76
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3.4. DS-3400 OVERALL DIMENSIONS
Water

!

F1

> 8 N°1 Hole to place pin

_F2

(1) Pin for nozzle orientation to be executed llo
between flange holes

o
+
<
2D Min.
7’ Al "
Type nozzle "VA'
! ; g
Steam & ' 8
i . - <l oS
TYPES WITH INJECTION CHAMBER
WITH or WITHOUT STEAM LINER
V4
7 !
L
Class 150 + 1500 — PN 10 + 250
A Nozzle
cl L
o Pipe | VA-13 | VA-19 | VA-27 | VA-38 | VA-45 Type | B ) Fl F2
4" | 250 150 | 520 "
' 140 1/2"-DN 15 ' DN SO
6 250 180 | 580 140 3/4"-DN 20
8 250 200 | 620 vats | 120 | 45 2"-DN 50
10" | 250 | 300 200 | 640 (1"~ DN 25) <=CL.600 - PN 100
12" | 260 350 | 350 200 | 660 170 2"-DN 50
14" | 275 200 | 690 CL.900/1500 - PN 160-250
16" | 300 | 320 200 | 720 1/2"-DN 15
18" | 325 | 345 | 355 | 355 | 450 |200]| 750 VA-19 | 180 |73.5| 3/4"-DN 20 3"-DN 80
20" | 350 | 370 | 385 | 385 250 | 830 1"-DN 25
22" | 380 | 400 | 410 | 410 250 | 850 3/ 4" - DN 20 )
24" | 405 | 425 | 435 | 435 | 475 |250] 880 VA-271200| 97 | 1 -DN25 4" - DN 100
26" | 430 | 450 | 460 | 460 | 500 | 250 910 1-1{ 2" - DN 40
28" | 455 | 475 | 485 | 485 | 525 |250| 940 1 -DN25 )
30" | 280 T 500 T 510 T =10 | =20 T2801 80 VA-38 | 200 | 102 1.1{2 DN 40 4" -DN 100
32" | 505 | 525 | 535 | 535 | 575 | 2801010 2 - DN 50
34" | 530 | 550 | 560 | 560 | 600 |280 1040 230 1.1/2" - DN 40 )
36" | 555 | 575 | 590 | 590 | 625 |280 1080 VA-45 140 | 2"-DN 30 6" - DN 150
260 3" DN 80
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Class 2500 - PN 400

A cl L Nozzle | o | g4p F1 F2
¢ Pipe | VA13 | VA19 | VA27 | VA38 | vA45 Type
4" 255 150 | 520 1/2"-DN 15
6" | 255 180 | 580 VA-13 | 190 | 49 3/4" - DN 20 -DN 50
8" 255 200 | 620 1"-DN 25
10" | 255 | 330 200 | 640 1/2" DN 15
12" | 285 375 | 375 200 | 660 VA-19 |220] 735 3/4" - DN 20 3"- DN 80
14" 300 200 | 690 1"-DN 25
16" | 325 | 355 200 | 720 3/4" - DN 20
18" 350 380 400 400 510 | 200 | 750 VA-27 250 | 97 1"-DN 25 4" - DN 100
20" 375 405 425 425 250 | 830 1.1/2" - DN 40
22" 400 430 450 450 250 | 850 1" -DN 25
24" | 425 | 455 | 475 | 475 | 535 | 250 | 880 VA-38 |[250| 102 | 1.1/2"-DN40 4" - DN 100
26" | 450 | 480 | 500 [ 500 | 560 | 250 910 2"_DN 50
28" | 475 | 505 | 525 | 525 | 585 [ 250 | 940 1.1/2" - DN 40
30" | 500 | 550 | 550 | 550 | 610 | 280 | 980 vaas |39 140 >" DN 50 6" DN 150
32" | 525 | 530 | 575 [ 575 | 635 | 280 1010 320 3"-DN 80
30" | 550 | 580 | 600 | 600 | 660 [ 280 1040
36" | 580 | 610 | 630 | 630 | 690 | 280 | 1080

. 2 -(g AR
DS-3430 for HP to CRH Steam Turbine bypass retroflttmg - DN 20”
Injection chamber provided with: steam liner for intermittent service, three variable area water nozzles and steam
nozzles for downstream line and turbine bypass valve heating.
Design pressure = 38 bar; Design temperature = 530 °C.

10



Control
FIXED AND VARIABLE AREA NOZZLE STEAM DESUPERHEATERS valve

Division

4. DS-3300 / DS-3500 SELF ACTUATED DESUPERHEATERS

Fixed area DS-3300 and variable area DS-3500 desuperheaters
integrate a water control valve providing a compact design allowing
the optimization of installation piping layout.

The orientation of the desuperheating water inlet connection can
be easily changed without any cutting or welding, thanks to the
flanged connection between the control unit and the
desuperheater unit.

The desuperheater control section consists of a quick-change trim
with a single cage, multi-cage, or labyrinth pressure reduction unit,
depending on the operating conditions.

The desuperheater can therefore be used for most severe
applications, without practical limitations on water to steam
pressure differential.

Available nozzles, materials, ratings, and steam line connection
interface are based on the DS-3200 and DS-3400 series.

Desuperheaters can be actuated by pneumatic, electric, or
hydraulic actuators.

AST can supply a wide range of pneumatic diaphragm or piston
actuators, both, single acting with spring or double-acting, ad hoc
instrumented to perform control and safety functions required.

WATER
INLET

STEAM

DS-3512

e Water connection: NPS 3" CL.600 RF

e Steam connection: NPS 4" CL.300 RF

e Steam injection chamber: SPS 22” SCH STD

e Nozzles: 1 x VA-38 (variable area with spring)

e Actuation: Reverse acting pneumatic diaphragm

DS-3521

e Water connection: NPS 1" CL.600 RF

e Steam connection: NPS 4" CL.600 RF

e Nozzles: 2 x VA-27 (variable area with spring)
e Actuation: Reverse acting pneumatic piston

11
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5. RECOMMENDATION FOR DESUPERHEATERS INSTALLATION

In the direct temperature control applications, the control loop, acting on the injected water flow through the nozzle(s)

upstream installed control valve, is closed directly on the steam temperature value measured by a probe immersed in the
steam flow.

Set Point

Superheated steam Desuperheated steam

Steam desuperheating by water injection with closed loop steam temperature control.

In order to allow the injected water for complete evaporation, the steam temperature sensor must be installed at
appropriate distance downstream the water injection point.
Since the smaller is the diameter of the injected water droplets the shorter is the required time for evaporation, it follows

that the distance of the temperature sensor from the water injection point depends on the nozzle type and dimension as
well as the nozzle available pressure drop.

In optimized conditions, with difference between the desuperheated steam temperature and the saturated steam
temperature over 10 °C, the typical temperature probe distance to the water injection
point is about 10 meters.

Before temperature probe, at maximum distance from water injection point, a

condensate extraction must be always installed to remove re-aggregate unevaporated
water.

The presence of elbows, flow measuring nozzles or diaphragms, sensor probes, not full-
bore valves, or uninsulated piping sections, can promoting water droplets reaggregation
dramatically reducing evaporation efficiency, increasing temperature probe minimum
required distance, and even compromising the proper system operability.

ABOUT 10 mm

In the case the above recommendations on temperature probe distance and/or
presence of obstacles between water injection point and temperature probe cannot be
avoided, and when the difference between desuperheated steam temperature and the
steam saturated temperature is lower than 10 °C but, in any case not lower than 5 °C, ] ] \ 7

the installation of a temperature sensor protection is recommended. N

For further details on desuperheating system layout and installation prescriptions,
please refer to AST Steam Conditioning technical guide.

\\_\\m\\\\\\\\\\\_\\\\\\\\\\\\\\\\m\\\\\\\\\\\\\\m

§

Thermowell protection.

12
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6. AST DESUPERHEATERS FULL RANGE

6.1. CODING SYSTEM

=

INJECTION
NOZZLE CHAMBER
NOZZLE MOUNTING
TYPE
1 STAND ALONE
1| PROBE SINGLE NOZZLE
1 VENTURI NOZZLE /
C| INJECTION CHAMBER %
2 | PROBE MULTIPLE NOZZLE S
2|  FIXED AREA NOZZLE -
L| INJECTION CHAMBER
WITH LINER
FIXED AREA NOZZLE 3| MULTI WALL MOUNTED -
3 SELF ACTUATED
(CV-875F)
INJECTION CHAMBER
H WITH LINER
INTERMITTENT SERVICE
4| VARIABLE AREA NOZZLE %
w|  WAFER MOUNTED
(DS-321W only)
VARIABLE AREA NOZZLE -
5 SELF ACTUATED
(Cv-875V)
STEAM ATOMIZED
NOZZLE
7 MULTI NOZZLE
(SPRAYSTEP - CV-875D)
i
6.2. FIELD OF APPLICATION
50 L B B B B O I O
The diagram is calculated assuming maximum steam velocity = 150 m/s.
45 4 —
40 A i
35 -
% saA Variable Area Self Actuated
5 30 Fixed Area Nozzle Variable Area Multi Nozzle Multi-Nozzle
%‘ z ‘ Probe Nozzle ey
% ' Multi Nozzle
Z 25 14— S N
© < ‘
g 2 \
E 20 g
+
£ <
= =
T
|VA - SA-MN
10
5 4| FA-SA W
MN - VN
o L] _ _ _ _ _ _ _ _
0 5 10 15 20 25 30 35 40

5 50
System Turndown

The diagram reports field of application of various steam desuperheating solutions as function of required system turndown and minimum steam velocity at injection point.

13
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DS-3411 - DN 1” x 3” PN 40 - Variable area nozzle VA-19

DS-3211-DN 1 1/2” x 2” Class 300 — Fixed area nozzle
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