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SUMMARY : :

Inflatable seat valve design overcomes longstanding deficlencies in traditional valve
design. Particle entrapment at the seat minimzes wear and the inflatable seal auto-
matically compensates for the accumulative wear that occurs. Consedquently,
1,000,000 cycles petween Inspections can be obtalned in approved applications.
Where abrasive materials nesd to be conveyed reliably and pressure differentlals are
crucial to performance, Macawber's Dome Valve® have proven to perform where tradi-
tonal valve designs fail.
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The Dome Valve's® unigue seat sealing
method heralds a new concept in valve de-
slgn. A fiexiple, inflatable seat which is de-
signed to entrap particles at the seat com-
pletely overcomes the main source of the
vaive seat weal.

The valve was designed and patented in
the late '70's, and since then has seen di-
verse application in many industries with &
present day valve installation population of

some 7,000 valives. In recent time, the -

valve has been applied 10 retrofit and 1o
new systemn designs in the chemical pro-
cessing industry where conventional valve

- dasigns have not met operationa\ or reli-

ability requiremnents.

The unique inflatable sealing action has
heen developed 10 satisfy applications in
which .

a) Abrasive materials such as sand, coke
preeze and ground glass can be han-
died without coat wear.

. Pressure differentials with abrasive ma-
terials in fluid media may be sealed with

" up to 18 bar pressure differential and
with fult vacuum service.

¢) Perform upon applications with media
temperatures up to 860°F.

d Perform  In applications comprising

combinations of the above conditions.

In addition, in most applications, the valve

may close and seal through a static col-
umn of powder of granuiar material in one
action.

The paper desctioes the valve design and
its performance in a wide range of duties,
and sets out to challenge the concepts
of future valve designs utilizing the in- .
novative principle of inflatable valve
seals.

introduction

This paper describes d unique vaive
concept which has peen proven to
demonstrate remnarkable characteris-
tics of refiability and wear resistance
operating with abrasive bulkk materials
and pressure differentials.

The device, known as the Dome Valve®
was developed in ihe 70's and regls-
tered at the United States patent office.
It incorporates a unique seat sealing
method. The valve seat is a flexible and
inflatable heavy mambrane which is
designed 1o entrap parlicies at the

inflat
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seat, o prevent their movement under the
influence of a pressure differential, and
therefore overcomse the main cause of
wear in valves handing pbulk materials of
dirly gases containing particulate.

Although the valve introduces a naw con-
cept in seat sealing technique, it has been

widely applied in many industries. The

manufaciurer claims 7,000 installations
throughout the world since its introduction

“to North America in 1978 In diverse appl-

cations such as controling filing of pres-
sure vessels with hot botiom ash -at
1200°F and supporting & pressure diffe-

" rential of 6 bar, 10 conirolling filing of &

pressure/vacuum chamber with magne-
sium powdear. :

Mary applications of the Dome Valve® are
in retrofit situations where conventional
valves have fafled to provide refiable opera-
tion in pressure differential applications.
This is typical of situations In which closing
member dasign of seat design allows par-
ticulate movement across the seat face to
cause accolerated wear. This is a situation
common to conventional valves applied
beyond their application ability normally for
reasons of first cost economy. '

valve Design Objectives

The valve was designed to achieve two
main objectives:

a) To provide minimal or no seat wear
when handling abrasive bulk materials,
and a closing action to support a pres-
sure differential.

Fig. 1: The unigue Dome Valve®
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b) To provide & closing and sealing action
In ane motion through a static or mov-
ing colurnn of bulk materiats.

© Gubsequent development of the valve al-

jowad additional objectives to be achieved
which were:

¢) Achieve the above objectives when op-
erating In applications at a constant
temperature of 660°F.

d) Achieve the above objectives when Op-
erating with both pressure and vacuum
differentials in the same operating cycle.

¢) Provide a snap-open' characternistic 1o
the closing member of the valve for high
gas prassure exhaust applications. -

f) Flow regulation with auto-positioning
~capability in addition to flow stop 1e-
quiremerts.

Additional design objectives relating o
valve performance and practical consider-
ations were incorporated: ‘

g Unrestricted  flow through the valve
when in the open position.

h) Easy inspection and maintenance.

i) Open choice of valve operators for any
valve application.

) Wide range of construction materials for
media compatibifity. ¢

k) Wide range of seal membrane materials
for media compatibility.

) Very low maintenance costs, The main

components of the valve, L.e., dome,

caging, iop plate, do not require Te-
. placermnent or -repair for several years.

The inflatable seal is often only replaced

Once par year, or every two years, and
-is a low cost item.

The history of valve design objectives im-
pﬁemented by the manufacturer was influ-

.enced by the initial application duty of
the Dome Valve®.

During its first years of introduction, the
Dome Valve® was exclusively applied
to high pressure preumatic conveying
systems in which the majority of mate-
fals handled were abrasive,such as
coke bresze, lump coal or sand, and in
~ which pressure differentials were up to
7 bar. Recently the valve began to see

application opportunities within the

general valve market where the pvident

becarme noticed.

Gencral applications in the chemical
processing industry has. subsequently
caused the latter design ohjectives fo
be adopted with conseguent strength-
ening of application capabiiity.

superior ability of the sealing technique
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Va2 Design

The valve design is @ masterpiece of sim-
plicity. The closing mermber is a segment of
a sphere {dome) with extended arms
mounted to shafts {see Fig. 2). The shaft is
driven 90° by an actuator which allows the
crank-mounted  dome 1o rotate entirely
away from the intet port of the valve body-
. Passage through the valve is therefore to-
1ally unobstructed. o

in the closed position. the dome sits GON-
centrically beneath the inlet port heneath
which the inflatable seal assembly s posi-
fioned. The inflatable seal, which is a com-
plete fing of an elastomer of rubber ap-
proximately a/4" o 1" wide, covers the
periphery of the dome. A controlied gap of
about 1 mim between ihe face of the dome
and the face of the inflatable seal {seat) al-
lows the dome 10 rotate into and away
from the closed position. Particies from the
media entering the valve are atowed 1o
pass of rernain between the seal and the
surface of the dome. :

Closing the Dome Valve® automatically se-
quences the soal to inflate by initiating a
imit switch when the dome dive shaft
~ompletes a gQe rotation 1o the closed po-
ition. Seal infiation is achieved DY intro-
ducing cornpressed air or other gas
through a small plenum rehind the sealing
ring. Withy sealing air pressures of 26 psior
2% higher than the pressure differential
across the valve closing member are ap-
plied, the seal inflates and engages the pe-
riphery of the dome component. Srmall par-
tickes that enter the gap petween the seal
face and the dome sutface are entrappad
by the expanding face of the rupber seal 10

prevent their movement and subsequent

wear to the seat (seé Fig. 3)-

This technique of entrapping particles
petween the saat has been proven to con-
giderably reduce valve seat weal aven
when performing with the fine abrasive
powders such as ground glass and coke
breeze.

The pneumatic seal and its operating 8-
Aion provides an additional benefit.  AS
wear does occur on the seal face Of the
dome component, the expanding seal pro-
vides wear cornpensation automatically
until & wear timit is reached. The wear limit
is considerably greater than any cther vaive
design. '

So confident are the ranufacturers of this
unusual feature that they provide 8 1 million
oycle frequency hetween seal inspections
on approved applications.

The pneumatic seal or inflatable seatis a
masterpiece of simple machanical design.
The seal component is continuous fing
with a special profile that provides both
corract location and effective anchoring.
There are NO gpecial fasteners or adhe-
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Infiatable seal assernibly of a Dome valve®

e the process of assem-
{. The seal ring is be-
e of the valve sC that
used in its preferred di-
eal is completety
the fiow of medi
manufacturer
an impressive array of
tilizing various rubber Com-
yre tempera-
compatibility

with media passing through the valve

sives 10 complicat
bly or replacemen
neath the top Pt
when the vaive is
rection of flow
protected from

nas developed
seal materials U

pounds and elastomers 10 ins!

assive innovations of
le vaive is the use of water for

Aemperature ap-

One of the m
this remnarkab
cooling purposes in
plication. It w
vaive designers 10
quire an addi
able its oper
tigs. Howevel
materials of construction W

be a disadvantage fore-
o valve 1o en-
tion for high't
r, the choice between exotic

ith experimental

polymers for the
seal over the addi-

_fon of cooling
channels and addi-
fional utility con-
nections was not
difficutt. Water
cooling has proven -
to be a wise and
effective choice
enabling a simple,
effective and low-
cost valve solution -
tor some Of the
mmost dernanding
applications in the
incustry.

PROFRE RING

NFLATABLE SEAL

EXPANSION CHAMBER

- Two femperature
zone design steps aré offered to insure &<
onomic targeting of the product (see Fig.
4. Upto 355°F, the vaive is provided with
a water-cooling channel around the preu-
matic seal area within the top plate. Upto
G60°F ternperature duty, the addition of a
water-cooled dome: component is Ppro-
vided. The water is introduced through a
water channel in oNe shaft axis to the sup-
porting leg of the dome, through the dome
in which a chamber s provided, and exiting
the valve in the same way through the
other shaft, an unusual but simple and ef-
fective solution, The Dome Valve® is widely
used in such high-temperature applica-
tions as ash handting for utilities and indus-
trial coal-fired boller piants, as well as many
high-temperalure chemical processes.

The simplicity and robustness of the valve
and its shaft drive configuration allows any
Kkind and type of valve operator 10 be ap-
plied. This versatility has allowed the valve

'E
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COOUNG CHAMBER /— WATER COOLED TOP FLATE

COOLING CHAMBER

Fig.'t%: 18" PH2 bulkhead Dome Valve

o be used in ‘applications to solve special
problems such as: ‘

« Flow regulation by positioning the dome
closing member as required by rmod-
uated signal from down-stream pPro-
cesses, added to the standard function
of closing and sealing against substan-
fial pressure differentiale.

+ Snap-open action to minimize ¢gas ve-
jocities through the valve when operat-
ing with high-pressure exhaust applica-
tions, again added io the standard

function of closing and sealing against

substantial pressure differentials. This
application nas been satisfied for high-
temperature dust laden gases in which
water cooling has been applied to both
the valve sealing chamber and the

dome component.

The manufacturer has taken an unusual
approach to the valve market with their
unique design. They have resisted packag-
ing the fealures into a range of standard
gpeciiications with standardized variations
in an atfempt to seek oul a volurne market.
They have taken the positicn of vaive prob-

lem solvers with much of their market aris-

ing from retrofit situations and newly-de-
signed applications in which 1sonventional

valves appear to be tnadequate for reasons .

of temperature duty, abrasive media, of
high pressire differential, or all three.

The marketing philosophy appoars to have
worked well considering a first year sales
volumne of $1 mition in 1902 without any
sales promotion, and in a relatively de-
pressed economy. Undoubtedly this good
result was somewhat attributed to the vast
instaliation reference list available to the

. manufacturer before they launched into the

semi-speclal vaive matket with a new and
independent product.

The company offers & comprehensive
range of sizes from o 4o 20", with ali inter-
nationat  connection standards avaliable.
The valves are manufactured at a faciity

possessing an ASME National Board fi-
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cense for prassure
vessels. Consider-
ing the duty per-
formance of the
Dome Valves®,
the manufacturing
skills for pressure

Abbre-
vigtion

CR

vessels are appre-
priate for the qual- NBR
ity requirement of .
this new valve. NR
Application PGR
Diversi :

iversity CilR
The application
capability of the CS
basic valve design
s unusually wide EPDM
for many reasons
stated eatfier
which are sum-
mari:f_ed as fob- FPM /
lows! FKM
Abrasive  Media: AFMU
Abrasive  slurries, K
buli powders, sl
granules and dust

gases

faden

JHFLATABLE SEAL
ASSEMBLY

WATER WAY

Table 1: Sealm

cause rapid seat erosion and ineffective
closure in conventional valve designs. The
inflatable seal and its automatic wear com-
pensation feature appears to overcome
the wear problems associated with abra-

sive media.

Pressure Differential: Also causes acceler-
ated seat wear in conventional valve de-
signs, even though hardened seats may be
used. Pressure differential causes UM~
_trapped particles’ I hard seat valves to-
move across the seat at high velocity
which erodes hard seats and commences
the wear process. The inflatable seal effec-
tively entraps the particles and prevents
particle movemant and therefore wear.

aterials and temperature applications

Technical Common Service Temp.

Nomenclature Name °F °

min max min max
Chloroprens Rubber 65 230 -54 110
Rubber ’ :
Nitrle Butadiene ~ Buna N/Nitrle -85 240 -54 118
Rubber - -
Natural Bubber Rubher 65 180 -54 82
Natural Rubber Pure Gum 65 . 180 b4 a2

i Rubber
Chicro-lsobutylene Chiorobutyl 85 250 -54 120
Isaprene Rubber _
Crioro-Sulfonyl Hypalon™ 85 250 -B4 120
Polyethylene ‘ ) -
Ethylene Propy- Ethylene Pro- 65 300 -54 149
lene Diene pylene Rubber
Monomer (Nordel™,
Royalene™)

Fiuarocarbon Viton™, 40 400 40 204
Elastormer ~ Fluorel™ ] ‘
Tetrafiuoro-ethylene Teflon™ 490 450 -85 232
Resin .
Dimethwt Silicon 160 500 -107 260
Polysiloxans

Table 2: Cormparison with conventional vaives and the Dome Valve for applications ability

Close and seal through static
head of bulk materials

Support pressure differential
up to 1 bar

Support pressure differential
up to 14 bar

Temperature capabie to 660°F

Good performance with
abrasive materiais

Automatic compensation
for wear

Unobstructed ﬂow through valve

and general performance

Gutterfly .~ Cone  Kaife Ves Bali Dome
Valve Valve Gate Balt Valve Valve
No No No Yes
Yes Yes No Yes Yes Yes
No No No No Yes Yes
No No No No Yes  Yes
No No No No No Yes
Ne No No No No Yes

Yes




Bt Ternperature: Thermal expansion
pravents consistent valve seat action in
hard seat valves, The infiatable seal pro-
vides seal action compensation through-
out the temperature range. Valve perfor-
mance on media ternperature up 1o 700°F
has been achieved.

Close and Seal: The displacement action
of the dome component and its spherical
shape rotating within the valve housing al-
Jows closure through a solid column of bulk
materials, followed by the seat gealing ac-
tion of the inflatable seal.

A New Challenge to Valve Design
Philosophy :

| With an impressive array of 7,000 tough in-

stallations, we should seriously consider
the new philosophy of valve seat design
represented by the Dome Valve®.

Metal seats have always suffered from var-
ying rates of wear, depending upon appli-
" cation and duty. The inevitalie conven-
ional wisdom conceming | solutions  to
high-wear rates . has been io provide
tougher or harder seat materials, or exctic
designer materials to {ackie abrasion, tem-
_nerature and pressure ditferential. The phi-
( 'ophy has been to treat the symptom of
& problem which is erosion from particu-
1ate movement across the seat. :

The Dome Valve® is the first valve that
troats the cause of the problem. Entrap-
_ping particles at the seat and preventing
their movement under the influence of a
pressure differential is a unique approach
to the problem. Evidence suggests that

this philosophy is not only here to stay, but .

it we are to judge by the Dome Valve's®
success, a technique we are likely 10 seé &
lot more of in valves and other mecha-
nisms.

Comparison with Gonventional Valve
Designs

To place the Dome Valve® into the general
famity of valves now available, a compayi-
son with conventional class valves is useful
(see Table 2). The comparison is non-spe-
cific in terms of any single - application
study, but it does serve {o provide a gen-
aral representative comparison using gen-
aral industry experience with all valve
types. The Dome Valve® appears 10 pro-
vide application superiority against afl con-
ventional classes of valves.

Add to this the manufacturer's aggressive,
but apparently well-timed guarantee of one
million cycles between inspections, and we
have a new approach to valving that needs
careful attention, The special advantages
of the Dome Valve® are, however, available
with an apparent disadvantage, and thatis
price. The conventional valve classes are
lower in ptice, or as we say "first cost".

However, If we adopt modern accounting
philosophies for plant and equiprnent in-
vestrent requirements, and consider life
cycle cost, the low wearing and problem
solving reputation of the Dome Valve® may
wel place this new and exciting product at
the top of the list on all counts.

Appendix:
Examples of Dome Valve® Installations
Vave Media  Temp. Press. Qper. Owner Date of Process
Ske . Name Diff. Freq. installation
_ °F psig  cycle/h
4" Sand 150 - 40 30 Harrisoh Steel 1980 Pneumatic
: Conveyor -
B Ash 660 60 -60 Deico Remy 1978 Pneumatic
’ Conveyor
8" TiO, 160 50 60 Ace Hardware 1983 Pneumatic
Conveyor
g Frutose 212 40 60 Pfizer 1988 Pressure/
. Vacuum
: - Let Down
8" RiceAsh 335 30 20 Argi Eisctric 1985 Preumatic
. ' Cornveyor
4% . Flyash 306 40 60 Reeves Bros. 1983 Pneurnatic
: ‘ Conveyor
48", Alumina 180 60 30120  Alcoz 1980 Retrofit
810" o Pneumatic
12" . Conveyor
g Sugay 112 40 60 Allen Sugar 1991 Preumatic
Dextrose ' ] Conveyor
8" Resin 180 - BO 60 B.F. Goodrich 1684 Pneurnatic
Powder . ) Conveyor
8" 55 Ulranox 200 50 60 General Electric 1987 Prieumatic
Crystal Conveyor
g8"12" Lead 396 60 15 Baliden Metals 1988 . Preumatic
Concentr. 7 Conveyor
4" kmenite 396 go. - 60 Nerd Rutile 1086 Preumatic
: . Conveyor
8" Litharge 200 50 60 Ferro Ind. 1900 Pneumatic
. - i Conveyar
8"  Pebble 180 40 60 First Miss Steel 1980 'Pneumatic
Lime i Conveyor
8" . Bottom 396 30 60 Ford Motor Co. 1985 Pneurnatic -
Ash . Conveyor
.g" Coke 212 40 30 Generai Motors 1981 Pneurnatic
Breeze : Canveyor
g Papsr 535 30 80 Herman Bogot 1982 Preumatic
Ash ’ Conveyor
a" Beotton' 535 40 80 Galaxy Carpets 1982 Pneurnalic
Asgh Caonveyor
8" Coke 200 50 60 J. 1, Case 1980 Pneumatic
Bresze . ) Conveyor
g Dolomite 212 35 120 Latrobe Stesl 1991 Pneumatic
Conveyor
8" Carbon 200 40 80 LT.V. Steel 1987 ‘Pneurnatic
- Conveyor
8" Bottom & 535 40 100 Mallinckrodt 1983 Pneurnatic
_ Flyash Conveyor
8" Bettom 396 50 120 Minnesota Corn 1983 Preumatic
Ash . Conveyof
8" Copper 212 60 80 P.T. lnco 1980 Pneurmatic
Concen- : Conveyor
trate Retrofit
a" Bottom & 535 50 a0 State of Hlinols 1081 Pneumatic




