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In severe-service applications, excessive fluid pressure and velocity result in poor
control valve performance and valve failure. Disk-stack trim design can offset
the negative effects of these variables.

Herbert L. Miller duty life is the temperature of the flowing fluidl. require that specific valve characteristics be
If the fluid is liquid, it is important to con{ accommodated to minimize damage from ther-
sider its temperature and whether the prepgnal expansion effects.
sure drop within the valve causes the fluid{to Control engineers should be aware that
vaporize as it drops below the flash poiptmany control valves specified as heavy duty
Poor control valve performance, exemplified When the fluid is sufficiently hot, a vapgr are not actually heavy duty. Valves to be used
by shortened trim life, internal leakage, poprchange can take place, leading to internal valvier severe service, or in operating environ-
fluid control, pipe vibration, or excessive en-damage from cavitation and erosion. ments requiring long-term dependability, re-
vironmental noise, can hinder successful plant In addition to the fluid phase-change prdbquire careful selection. Where such need ex-
operation. In the face of these common prgblem, absolute temperature level can affg¢cists, the user should choose the valve accord-
lems, conventionally designed valves may bealve design parameters. This has to do witing to how it functions, as well as its ability
a less-than-ideal solution for many plant apthe strength and expansion characteristicg @b be custom fitted to the application in a cost-
plications, regardless of their published, criti-the valve material itself. Valve design mysteffective manner.
cal service specifications. be such that material expansion resulting frm Operational problems that cause poor valve
For the purposes of this discussion, conventemperature does not overstress valve confp@erformance and failure in service applications
tional valve design can be characterized |byrents, with particular attention being paid [toare caused primarily by excessive fluid velocity.
the way each manufacturer approaches tfinparts-expansion characteristics during thermatven the use of harder materials in the valve to

sures as well. (MPa=mega-pascals, a metricg

measurement of pressure. 1 MPa =142.5gsi.) :
A second negative factor affecting a valve’'s Figure 1 Disk-stack valves offset the negative effects of excessive fluid velocity
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passages. On the other hand, the disk stack in
a feedwater regulator would provide a modi-
PUNCHED fied-equal-percentage profile to handle the va-
DISK riety of pressure drops required over the valve’s
STACK flow range. With this trim construction, the
bottom 20% of the disks have flow passages
with many turns, to handle the high pressure
drop and low-flow startup conditions when the
valve is first opened. The middle-element disks
have fewer right-angle turns and more total
passages, to handle the intermediate pressure
drop and increased flow characteristics required
as the valve is opened further. A cage at the top
of the stack allows unimpeded flow, with mini-
mal pressure drop as the valve is fully opened.

Erosion By Cavitation
When liquid pressure is reduced to or below
its vapor pressure, flashing and bubble forma-

; T : tion occur. In a conventional valve with a mul-
Figure 2. Stacked pathways can be matched or mismatched between individual disks to ‘Efﬁl%t-‘?)rifice trim, fluid enters at pressure P, at

a labyrinthal flow pattern.

velocity V. As it moves through the reduced
area of the valve trim, it accelerates to velocity
offset erosion from cavitation, or the use of pipe-is controlled by into the individual disk stack. V, and its static pressure drops jo ®level at
lagging or downstream chokes, can only marAdditional velocity control can be achieved byor below the fluid’s vapor pressure, P
ginally offset valve failure from this cause. varying the flow area within each pathway (Fig. At this point, the fluid boils. As the fluid
Velocity must be controlled at all valve settings3) moves out of the throat of the valve, pressure
in order to maintain performance. This flow method controls the damaging ef-recovery begins, converting kinetic energy back
fects of velocity in two ways: by dividing flow to potential energy. Full recovery to down-
Disk-Stack Trim Design into many small streams of low-mass flow ratestream pressure is indicated agRd velocity
One way to reduce pressure and velocity is tand by forcing fluid through a series of sharpv - When the recovery pressure exceeds the
control velocity by dividing the fluid stream turns to affect the pressure-drop steps. fluid’s vapor pressure, P the just-formed
into multiple, but discrete, flow passages and The external appearance of a disk-stack valMgubbles collapse, causing cavitation. Released
to dissipate the fluid energy (and velocity) in ais essentially the same as a conventional glohgnergy causes local sur-ace stresses greater than
continuous manner, by inducing controlled tur-or angle-type control valve, with the disk stack1400 MPa (200,000 psi), which can erode even
bulence in the flow. Control Components’pat-forming a cylindrical valve trim, and the flow stellated trim very rapidly.
ented disk-stack trim design, or DRAG tech-rate controlled by the up-and-down movement |n disk-track valves, the controlled velocity
nology (Fig. 1), offsets the negative effects ofof the plug. Flow characteristics with thesetrim design prevents vena contracta pressure
excessive fluid velocity and controls all nega-disk-stack trims can be tailored to provide lin-from dropping to the liquid’s vapor pressure,
tive flow and control characteristics in a cus-ear or modified linear, or can be characterized
tom-tunable manner. in terms of flow-to-stroke ratios.

This approach uses a series of flat metal diski a linear stack, all disks have the same num-
to form a trim assembly. Each disk has a flowber of passages, the same number of turns per
pattern of successive, right-angle furrows cupassage, and the same flow area. This makes
into its flat surface. When stacked, these patithe flow directly proportional to the valve’s
ways can be matched or mismatched betweestroke at constant differential pressure. In-
individual disks to create a labyrinthal flow stalled, the characteristics of such a valve could

.
pattern that enables trim to be infinitely tunedbe selected as quick-opening, equal-percent- B ALY
to control flow in a manner that maintains posi-age, etc., by using a shaped cam in the valve
tive operating characteristics throughout thepositioner hardware. Ay-Yy—r
valve’s opening range (Fig. 2). The flow path In a characterized disk stack, all disks are
for each disk is opened as the plug movesaot the same, but rather are chosen to provide ™
within the center opening of the disk stack. Bya distinct, variable flow pattern over the full
forcing the fluid to make the tortuous turns rerange of the valve opening. In a turbine-by- Plug Bore

quired to pass through the stack to the outlepass application, for example, fine control is
the desired pressure drop is achieved by a reeeded at low flow rates, while a large flow is

ion of the velocity head, pY2, for each - ition. i i-
ductio ty B needed at the full-open position. This modi Figure 3. Disk-stack valves control velocity by vary-

right-angle turn. Test results indicate a highefied linear characteristic is achieved by theIng the flow area within each pathway, The outiet area

multiple than one velocity head is achieved folower disks in the stack having fewer flow pas-a,, is greater than the inlet area;, Avith a continu-
each turn encountered. Overall fluid velocitysages and the stack’s upper disks having mowgsly increasing flow area between inlet and outlet.

Flonas Dhaction
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Steam through this type of valve never has anosphere, preventing plant safeties from lift-
chance to develop destructive moisture. ing. In this technique, the pneumatically po-
The same phenomenon holds true for gas haisitioned plug modulates the available area of
dling services, where hydrate ice crystals cathe disk-stack bore for flow control, venting
form under similar conditions find clog a con- into the atmosphere via a shroud around the

ventional valve trim. disk-stack that directs the flow away, minimiz-
ing reactive loading and controlling venting
Noise noise.

Any valve whose trim allows the developmentThe second venting method is used with higher
of high fluid velocities will create excessive mass flows and temperatures. It consists of a
noise. This can be from the formation of tur-velocity control valve coupled with a down-
bulent eddies in the mass-flow stream or fronstream resistor that is a passive device also em-
sonic shock waves that develop as fluids hiploying disk-stack technology to accommodate
critical velocity. Downstream noise from valves most of the pressure drop at design flow con-
is unattenuated. In-line mufflers can be usedlitions.

downstream, but they can reduce noise by only

15 to 20 dBA. Applying acoustic lagging Vibration

achieves about 5 dBA attenuation, assuming/nbalanced, fluctuating pressure forces around
itis installed properly - and it is costly and dam-the plug can be a serious source of vibration,
provided the outlet pressure is greater than tfage prone. When throttling or venting especially in severe gas .and steam seryice.
vapor pressure - thus avoiding cavitation anﬁompres&bles, near-plantenV|ronmeritaI n0|§§hese forces generate axial zatnd Itateral vibra-
erosion. evels can reach 120 dBA; and even with moditions, even at low pressure ratios, if mass flow
fied-trim valves using diffusers, can still ex- rates are high. This results in control instabil-
ceed 100 dBA. ity, aerodynamic noise, and impending trim and
Erosion of the valve trim also can be causef€cause disk-§tack technology presentstiping failure. The abilities of properly applied
by the washing action of a fluid or by abrasi Ongradtiatl and continuous resistance to flow, fluiCUISk-StaC.k technology to. pontrol veiouty re-
from particles entrained in the fluid. This ef- velocities are held to well below Mach 1, andduces this problem significantly. Disk-stack

fect is most severe at high pressures. WHhil§2" be designed to fall within plant-specifiedvalve applications also use complete cage-

clean, dry gases usually are not a cause forcoﬂgise limits. guiding of the plug, from seat to full-stroke,
cern throttling even clean, superheated steafErodynamic venting of high-pressure gas isand the plug is pressure balanced within the

. ; i i tack to counteract axial vibration.
can cause severe problems in conventionzﬂerh"’lpS the most severe offender in environs T

valves. As shown in Fig. 4, superheated S,[ea“rrgientad noise pollution. Disk-stack technology
) offers two methods of controlling noise in this BEHIND THE BYLINE
at a P of 4 MPa (600 psia) and a T, of 315°C 9

(600°F) entering a conventional or modifieg-context. The first is the use of a fast-actingHerbert L. Miller is vice president of opera-
trim valve is let down to 0.3 MPa (50 psia) pneumatically operated Angle Insert, whichtions at Control Components, Inc., Rancho

The low pressure and high velocity inherent inWould vent excessive steam pressure to the abanta Margarita, CA.

flow through these valve trims allow the stea .
to expand polytropically to point,P At this
point, with velocity at its peak, the steam de Sitortly after_ commissioning, a No_rth Sea oil platform began to experience problems
velops a moisture content between 12 and 20%. with excessive noise on three of |ts_ compressor recycle flow control valves. Within
The resulting water droplets, traveling at maxi- three m(_)nth_s, the valv_es were leaking gas in the closed position. They were slower
. . ) ' . responding in modulation mode than called for in the original specifications, and they
mum velocity, will rapidly erode the trim and exhibited an unacceptable level of instability in positioning, especially between the 0-
damage the valve body. Pressure recovery |s 109, open position.
completed in the outlet and the temperature  These globe valves ranged in size from 6 to 12 in., with valve trim sizes of 2 1/2 in., 4
reaches equilibrium, resulting in superheated in., and 6 in. Body ratings were API 10,000 Ibs. for the 6-in. valve, ANSI 1500 for the 8-
steam leaving the valve at 96?0_3 MPa (50 in. valve, and ANSI 600 for the 12-in. valve. All were Class V rated for seat leakage,
psia) and a Jof 270°C (515°F). While the and none were to exceed 90 dBA at 3 ft. Pressure drops across the valves were 200
valve has now achieved its pressure drop, con- bar to 10 bar. ; ;
tinuous formation of wet, high-velocity steam When the original supplier proved unable to correct the problem, owners dec@ed that
soon will result in severe trim damage. In con the best f':tpproat:h Woult_i be to take the platform’s spare valves, machine the interiors
. . . : for retrofit, and install disk-stack trim. This would save the cost of casting new valve
trast to this scenario, the d'S.k'Sta(fk t.”m OPEIT podies and would also meet critical maintenance deadlines.
ates at a constant low velocity. With inlet/out{ pisk-stack trim technology was chosen because the multistage, stacked-disk design
let and trim velocities low, steam expansior] would better control gas velocities through the valve as pressures were reduced more
through the valve is isenthalpic, going from| than twenty-fold. With better velocity control would come a reduction in noise and the
point |:>1.T1 directly to point E'Tz' (An elimination of_ erosion on the sgating face. This would then yield greate_r control over gas
isenthalpic process takes place at constant en-flow. AI;o, trim and valve design Would_ give platfor_rr_t engineers a quicker response in
thalpy - no external work. It is analogous to modulation mode, as well as better positioning stability.
| The valves are now performing well. Noise levels are at or below specifications, and

isobar, a line of constant pressure on a weather . .
inthe at heri tofb the leakage problems have disappeared. Response rates and flow control have im-
map in the atmospheric measurement of barg.) proved significantly.

Figure 4. Valve pressure drop leading
to trim damage.

Erosion By Abrasion
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