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. . 

Thi• inven~ion ·relates to .th• control an~ operation of 

a aultur_racovery unit. More specifically, the invention 

relate• to a sealed observation elaent which eneleil th• 

oper~tor of the sulfur recovery unit to monitor the flow of 

!5 . liquid aultur at various locations in the unit • 

. ' 
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BACXGR.OUND OF THE INVENTION 

In the operation of a Claus-type sulfur recovery_\lni:t 

it is desiraale, if not essential, tor .the operator to }!)e . 

able to visually monitor the flow of liquid sulfU.r at 

. 5 various locations in· the unit. This is conventio~~~ly · 

accomplished throu;h the · use of open overflow elements· 
. . . : . . 

which allow the operator to observe the flow of li~id ·. 

sulfur over weirs or. seal pots which functiorf · at · 

atlllospheric pressure and rely on a liquid seal to .iaaol_ate 

10 th.• prooess from the open observation element.. . The.·: opef.l·· · .. 

15 

. . .. 

overflow element is typically accessed by means of a l1i~cJ•d 

cover which allows the operator to visually observ_- ·:t!ie 
flow of liquid sulfur over· ·a weir or seal ·pot and·· 1:Jiuli· •. · 

determine whether liquid sulfur i!!I flovinq ·from, ~- f~fi. ... ·· 
.x&.p1e,-a sulfur condenser. . . 

Open overflow elements may, however, be a source· of 

fu9itive emissions. Additionally, open overfloW elemats· 
.·.·:.-· 

may represent a siqnif icant safety hazard as a potential 

source of hydrogen sulfide CJU and molten sulfur:. in the 

. · .... :; 

20 event of an over pressurization of the system that!:>lowli 

the liquid sulfur out of the seal or seal. pot·. 

Purtheraore, .th•· deaiqn of conventional open overflow· .. 
. . 

elements used in sulfur recovery units normally precludes 

desiC)ninCJ the unit for higher, lower and in particular, 

25 variable pressures. Therefore, there exists · a need for 

.. . :· 

. . . . ~ . : . . . 

:.·: ... 

· ..... 

. . . . : . 
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providinc;· the operator of a conventional Claus-type sulfur 

· recovery . unit with . means for moni torinc; liquid sulfur 
p:z:ooduction ·that does · not have the drawbacks inherent in 

conventional open overflow elements. 
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· SOMMARY OF THE INVENTION 

'l'he present invention provides an· apparatus comprising 
' . . . 

a sealed observation element for visually monitorinq ~e ·, 

flow of liquid sulfur in a sulfur recover unit without ·the 
. . . . .. .-,, 

5 release of fugitive emissions or the other disadv~nt~9~s 

10 

15 

. ·.· 

inherent in tha use: of conventional open overflow el·amenta. 

'l'ha invention also allows the sulfur recovery unit to ;be 

operated at hiqher and ~ore variable pressures than.would. . . 

be possible using conventional open overflow elements tba~. · 

operate at atmospheric pressure~ Additionally,. ttie·: .• 
... ·.· .. 

invention provides greater protection of . personnel :. ad 
. . ,,· ..... 

equipment in the event of an . overpressurization o~ ·th•· · · : . · .. · 
·.· .. · . 

. . 
unit. The sealed observation element cf the· pre~-.~·:._:···· .. _., ·· 

invention includes at least one heated si9ht qlasa_,·:fO# ... < 

· viewin9 the flow of molten liciuid ·sultUr through a· sui#ur ·· 

.· .. 

transfer line. 'l'he siqht qlass i,s heated and may be swept ' . •·. . .. 

with a purqe qas to prevent condensation or deposition of·•.·. 

materials on the side of the si9ht qlasa exposed to the• 
process stream. In one embodiment of the invention,: a pair ·. 

20 Of ·sight glasses secured on either side Of a bleed riJig 

define an interior space that is heated with a heated.qa1f, 

steam or an electrical heatinq element. Additionally, ··a 

weir and lic;rht source may be provided: to direct « and 

illuminate the flow of the molten stream. Th•· sealed. 

25 observation element may include .a steam jacket pipe or pipe · 

..· .· .·· 
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. cross for.mountinq the siqht qlass at appropriate locations 

·· . in a sulfur. recovery unit and/or on a ~u.1.fur transfer line 
·to enable an operator to · yiew the · flow of molten sulfur 
without the potential release of vapors to atmosphere. . . . 

· s · since th• sealed o0servation element of the present 
invention does not· rely on a liquid seal which· may ba. blown ·. · 
oUtiJi the event Of an OV&rpressurization Of the unit, the . 

. . sealed observation element may allow for operation Of the 
unit at hiqhe~, lower, .. anci m_ore particulariy at more 

10 · variable pressures. Thus the sealed observation element of. 
_the praaent invention : provides numerous advantaqes over . . . 

co"nventlonal open observa·tion elements • 
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BRIEF DESCRIPTION OF THE DRAWINGS 

For a more complete understandinq of the present 
invention and the ·advantages thereof, reference is now ma4• . 
to the followinq Detailed Description taken in conjun~tion 
with th• accompanyinq Drawinqs in which: 

FIGuu l is· a partial side view of a seal.ad 
observation element of the present invention;· 

FIGtmE 2 is ·a cross. section· of the sealed observati;on · · 
.. 

-element of FIGURE 1: 

FIGURE 3 a perspective view of an embodiment of. th•· .. 
sealed observation element of the present inven~ion 
including a steam jacketed pipe cross; 

PICUD 3(a) is an alternate mmodiment o~ the s~al•d 
observation element of· FIGURE 3; ·· ... ' ... , . .. 

. . . P?CUD 4_ is a perspective view of an embodiment o( .1:h• ··· 
sealed observation element of. the present invention., 
including additional components: 

··. FIGURE 5 is a cross sectional view alonq line A~A of .. ·· 
FIGURE 4i and 

· .. _· .. 

FIGURE 6 is a perspective view of a weir employed in 
the sealed observation element of FIGURE 4. 

·. . .. 

. . . :., .. 
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·DETAILED DESCRIP'l'ION 

Referrinq now to the drawi.nqs where like reference 
characters designate like or similar parts throuqhout, ·and·. 
specifically to FIGURES l, 2 and 3, a first embodiment of s the sealed observation .element.lo of the present invention 

.10 

. is illustrated. Observation element 10 is mounted on a . 
steua jaclceted pipe 12 and includes a sight glass 14, 

. preferably of the fused steel type. "Steam jacketed pipe" 
· as. used herein refers to a smaller pipe, for example a four. 
inCh ·diameter pipe .secured inside a larger pipe, for 
example a six ineh diameter_ pipe. steam is injected· into 
the space· between the larger pipe an~ smaller pipe in order 
to heat the sllaller pipe and prevent th• solidification of . . .· 

.· the material flowinq throuqh the siaaller pipe. Lines used 
-15 to transfer molten sulf\2%-, Whieh has a meltinq point Of 

_ai'Proximately 2359!', are typically steua jaclceted in order· 
to prevent· the molten sulfu_r from solidifying inside the 
·p-ipe. 

·The s_ealed observation element. 10 is secured to the 
20 . ·end of jacketed pipe 12 with flan9es 16 which ·may be of the 

slip-on type. Flanges 16 are bolted toqether ·with stud 
bolts 18 ·and· nuts 20. As illustrated, the observation 
element 10 includes an annular bleed ring 22 having an · 
annular axis 23~ A plurality of. ~assa9eways 24 extend 

25 throuqh bleed ring 22 at locations around the circumference 
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of t.be bleed rinq ~ In the embodiment illustrated . i_n .· · 

FIGURES 1 and 2, four such passaqeways are iocated·at 90• 

intervals around the circumference of the bleed rinq_ 22. 

As illustrated, e~ch of the passaqeways 24 extends 
. . . . .. ·,; 

s throu9h the bleed rinq 22 at an an9le of approxima_tely 30• 
relative to a plane taken perpendicular to an annular -~~ia 
23 of the bleed rinq and toward siqht qlass 14. Eac:h:of 

the passaqeways 24· is also positioned at an anqie. ot 
ap;,roximately 30• relative to .a diameter 25 ot the ·J:>l••!1 ·· 

. .. 

10 rinq 22 talcan between opJ>osed exterior ··cpeninqs 2_a· ot-. 
paasaqeways 24. Connectors ~ 0 are provided to connect ·:a · 

source of pu1'9• qaa (not shown) such as steam or prefer~J.°Y: 
: . : :· ,·~ . .· 

an inert gas such as nitrogen to th• .. sealed· obae~ation: :\·· 

element 10 at th• pas~aqeway 2 4 in the l>leed rinq. 2.2 ~. 
. . ·· ... · .. ·:·· 

15 Due to the anc;le at which · the pasaaqeways 24· -are 

positioned, as described above, purge qali introd\l~ed. 

· throuqh the passaqeways 2 4 tends to sweep aqainst the · 
.. ,. 

intei-ior surface 36 of the siqht qlasa 14' preventi.Dq: 
. . . . 

condensation of vapors or the deposition of mate~ials · ~a1; · · :.: 

20· otherwise may condense or be deposited on the inside 

surface of the si-qht qlass 14. The sweep gas ma~ .·be 

introduced on an . i,ntermi ttent basis, in which case the · · 

sweep qas removes materials which have been deposited or .. •: · 

have condensed on the interior · surface 3 6 of the siqht · 

25. qlaa• 14. 'l'he cross-sectional area of the passaqeways 24 

. ·.; 

; ,.· 
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requ~red.to permit sufficient flow of purqe qas to keep the 

siqht 9lasa 14 clear . may vary with the diameter of the 

. siqht ;lass 14, the system pressure, the supply pressure ot 

th• purqe qas and ~· number of passageways provided. It . 
5 ia; however, believed tha.t. in a typical application in 

which -a siqht qlass six inches in diameter is. clamped. ont·o 

the . end Of a steam jacketed pipe formed from a four. inch · 

diameter ( D, > pipe, . inside . a six inch ( C.> pipe, four 

10 

. . 
pa_ssaq_eways 24, ona-eiqhth. inch in diameter, located at 90• . 

. intarVals around the circUmf8rence. Of the bleed rinq. 22 and 

· anqled as described ab0ve will be sufficient to keep the 

aiqht qlass clear, assumi~q that the temperature and 

. pressure of .th• purqe medium 'is adequate. The saa~ect 

Observation element of FIGURE 1 may b• pos·itionad at 
-15 locations within the sulf'1r recovery unit to enable the 

operator to view the flow of molten sulfur over a. weir or . 

20 

from a seal pot. For example,·sealed observation element· . . 

10 may ·be mounted in· the top of a sulfur tank ·acove an open 
. . . 

weir to enable the operator of the sulfur recovery unit to 

.observe the flow of molten sulfur over the· weir without. 

openinq the tank to atmosphere. 

An. ·alternative embodiment of the sealed observation 

aiuent of the present invention is illustrated in FIGlJU 
3 which includes ~ steam jacketed. pipe cross 32 which may. 

25 be positioned in a liquid· sulfur ~ransfer line.. sealed 
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oasenation element 10 includes two siqht glasses -14 
. . 

separated by bleed· rinq 22. The siqht qlasses 14 and bl.eed_ · 

rinq 22 are clamped onto .a steam j ackated pipe cross 3_2 · 

with tlanqes 16 which are secured with stud bolts 18_ and,. 

s nuts 20. As illu~trated, upper and_ lower sight 9lasse~ _1• · 

and 14a and bleed·: rinq 22 define an interior space 34. _.-.-· · .. 
Passaqaways 24 and 24a extend throuqh the bleed rinq' ·22:-

10 

. . .. 

providinq means for communication between connectors 30-,nd:· 

Joa and interior space 34. 

A source of heatinq mediitm (not -show), for example;· 

·steam or heated inert qas, is introduced into_ int:ari'or •... _·· 
. . . ~ 

space 34 through one or more of connectors 3-0,. -ancs,_ 
paaaaqeways 2 4 • 'l'h• heatinq ·medium heats lower siqht · ql~ss ' , : ._. 

14& to a temperature SUff icient to prevent th• condensation' < " . 

15 

20 

~ . . 

Of. Vapors on the interior surface l6 Of the lower siqbt 

qla•• 14a. condensate or cooled _ qas exits interior space .-. 

34 through one or more passaqaways 24a and connectCirs:3oa. 
. . .. 

. . ~ ·. 

since the. siqht qlass 14a is heated to a . deqree sufficient .. -
. . . : . .· . . 

to prevent the condensation of vapors, especially sulfur· · . 

vapors, it tends to remain cl.ear durinq the operation of 
the unit. Thus, the operator of the sultur recovery -uni·t · 

can View the flow Of molten sulfur 38 throuqh sight qlassea 

14 and 14a during the operation the sulfur recovery unit. 

Optionally, a second bleed ring, of the type 
.... 

25 illustrated in FIGlJRE 1 mar be- interposed· between . lower_ 

.. : .· . -~·: 

. ·_:.·. 

:.: ·,' .:. '• 

·:.·:· .. 
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siqht qlasa l4a and the steam jacketed pipe cross 32 to 
. sweep the interior surface 3.6 of. siqht qlass 14a with a 
purqe :medium such as steam or an inert qas. 

As an alternative to · the use of a qaaeoua heatinq 
5 · .·element;. ~n electrical heatlnq el·ement :may be used to heat 

10 

the interior.space 34 as illustrated in FIGuU 3{a). In 
this embodiment, · a resistance heatinq element 26 is 
inserted .throuqh passaqeway 24 into the interior space 34 . 

. 
defined by upper siqht qlass. 14, bleed rinq 22 and·lower 
siqht ·. qlass 14a. The. heatinq . element 26 may also be 
iUinated between the siqht qlass 14 and lower siqht qiass 
14a . thereby eliminatinq the need for bleed . rinq 22. 
Additionally,·a sec~ndbleed rinq, of the type illustrated 
in FIGURE 1 may also be interposed between 10war siqht 

· is qlasa 14a and· the steam . jacketed pipe cross 3 2 to sweep the 
· interior surface 3 6 with a purqe medium such as. an inert 
9aa. 

'l'Qi-ninq now to FIGtJRES 4 , 5 and 6 a further embodiment 
of the sealed observation element ot the present invention 

20 is illustrated. sealed obsenation element 10, of the type. 
illustrated in FIGURES l and 2, is . mounted on steam 
jactete.d pipe cross 32 •. Annular axis A-A passes throuqh 
·the center Of bleed rinq 22 alon9 the line of siqht of an 
operator lookin9 throuqh siqht qlaas 14. In order to· 

2s increase the visibility ot the. su1tur flow throu9h the pipe 
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cross, a liqht fixture 40 and weir 42 are provided. L.tqht 

fixture 40, is clamped onto flanqe 16. with stud bolts 18 ·. 
. . ·. .. . . 

and nuts 20 to project a .beam of liqht alonq axis B-B~ 

which is •ubstantially perpendicular to axis A-A. Weir 42 
. . ... ·, 

.... : ... 

s is positioned in the pipe cross opposite liqht fixture 40 

10 

15 

and extends into the center area of the jacketed pipe croli• 
. . .. . .· 

. 32. Thus, :molten sulfur 38 flowinq throuqh the pipe crosa, •. 

from, tor example., a sulfur condenser, flows over weir 42 ·. 
· adjacent to the line of siqht alonq axis A ... A of an oP..~atot. ..· . 

observinq the flow. Additionally, the molten sulfur·. 
.· .. :" 

flowing over the weir is illuminated by a beam of liqht'.. ·•· · · ·. 

from iiqht fixture 40 projected a;onq axis 9 ... 9 whieh .:is. 
. -· 

parpendieular to axis A-A and thus may be more reacU.ly. .. 

observed und•r unfavorable lighting conditions. '· .... · . . ;'.· ·, ~ ....... · .. . 

, Al th~qh the embodiment of ·the invention iilustr~t•d' . · · .. 

in· FIGtJD 4 is sl'loWn usinq a siJ'.'qle lena canfiquration With ••.. ···. ,, 

.. · . .' 

... ··;,.··.· 

a bleed rinq of the type described in connection· with .·.· .. · 

. 20 

FIGOU 1, the double lens confiquration of FIGtJRES l or · . 

3 (a) could ):)e suJ:)stituted for th• sinqle .. lenil 

conti;uration, dependinq upon the application. 

Additionally, the doU):)le lens conti;uration of FIGURES-~ :or. 
. .· 

l (a) could be provided with a second bleed rinq, of the 

type illustrated in FIGURE 1, interposed between :i.o¥er. 

siqht 9laas Ua and the steam j aclceted pipe cross 3 2 to .· 
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sweep the interior surface 36 with a purqe medium· such as 
an inert qas. 

While the present invention has been disclosed and 
discussed in connection with the foreqoin9 embodiments, it 

5. will be understood that the inve~tion is not limited to the·. . . . 

embod·iments disclosed'· but is capaDle · o~ numerous 
rearranqements, modifications~ and suJ:)stitutions of parts 

· and elements wi th0ut departinq from the spirit and scope ot . . 
the invention~ 
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CLAIMED: 
. '. 

1. A sealed' observation element· for viewinq the flow 

of molten liquid co111prisinq: 

a siqht glass havinq an interior and exterior surtacel · 

a bleed rinq positioned adjacent to the siqh~ q1ass,· 

5 said bleed rinq havinq an annular axis and defininq at 

. 10 

· leaat one purqe passaqeway for the ·fl.ow of a heated· PUZ'.9~· . · · 

medium, said purqe· passaqeway defining an .internal opaninq .. · 

.and bainq anqled to direct the flow of th• heated. purge ·· 

medium toward the interior surface ot said siqht qiass: . > · · 

a source Of heated pU1"q8 madiWIU and 
at least one connector for connectinq a source of.th~· 

purge :medium to the paasaqeway. 

· ... ·.' ...... . 

2. Th• sealed observation element ot Claim l further ... 
' . . . 

compri•incJ a steam jacketed pipe for mountinq said siqht 
· qlass and bleed rincJ. 

3. The sealed observation element of Claim 2 furth4lr · 

def ininq a plane perpendicular to the annular axis ot the 

bleed rinq and wherein the purqe passaqeway is anqled 

toward the interior surface of said siqht qla•• at. an an9l• 

5 of about 3 o• relati va to said plane. 

THIS SHEET HAS BEEN. 
REPLACED. . 

~- . : ... 

. ·:: ·. 
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4 • 'l'h• sealed observation eie~ent of Claim 2 further · 
comprisinq a pair of OPPC)•ed internal openinqs, the opposed . : : . . . . 

.. internal Qpeninqs defiriinq a diameter. perpendicular to the 
annular axis . and wherein the purqe passaqeway is anqled 

5 · ·. toward the interior surface of· said siqht qlass at an anf1le 
of ~ut· 30• relative ·to said diameter. 

· ·s. · 'l'he sealed ·observation element of Claim l further 
compriainq a pipe cross for mountinq the sealed observaticm . 
alaent in a sulfur transfer ·11na. 

6 •. ·. 'l'he sealed observation element of Claim 5 furth8r . . . . 

.·caprisin9 a liqht source. for illuminatinq molten sultur 
flowinq thrcNqh th• sulfur transfer line, the liqht sourct1 
projeeting ·a beam· of light along an axis substantialll' 

5 perpendicular to said annular axis of said bleed rinq. .. 

7 ~ · 'l'he sealed observation element of Claim 6 furtber 
comprising a second s_ic;jht qlass positioned between the 
liqht soiirce and the pipe cross. __ _ 

. . . . 

\ ...... \··· 
... 



PcT/US96/ll97B 
W097/070Sl 

5 

-16-

8. A se.aled observation element tor viewinq ~- flew' . · ... 

of molten liquid ·sulfur throuqb a .sulfur· transfer l:ine . · ... 

c:cmprisinq: 

and 

a siqht ;lass havinq an i.nterior and· exterior. surface:. 

a bleed rinq positioned adjacent to ·the sight q.l~aa: · .. 

the bleed rinq def ininc;r an annular axis and a plane. ··· · 
..... · .. ·:·. 

perpendicular to the annular axis: 

said bleed rinq further c:omprisinq a pair of os>Poae~ .· · .. 

10 purqe passac;reways· for the flow of a heated purc;re medla~ · . 

said purge passaqew.ys havinq _opposed internal open~nq•,:: ._.·,·· 

said opposed internal openings. defininc;r a diameter o~ S-a:t~ · : 
ble_ed rinq, said purqe passaqeways being anqled at about ... · 

. . 
30• relative to said plane and at an anqle of about 30-

15 rel.ative to said diameter to direct the flow purqe medi~>: · . 

.. 

... 

toward the internal surface of the.sight.c;rlaaa. 
.. . · .. , .. .-;':·;· .·. 

·.·=._ •. .-:·: .• •• 

9. The sealed observation element of ClailD 8 further. 
comprising a source ot heatedpurc;re medium and c:oimectors 

for connecting the source of purge medium to the. purqe · 

passageways. 

10. The sealed observation element of Claim 8 further. 

comprising- a steam jacketed pipe for mountinq said siqht 

qlaaa and bleed rinq. 

I ~Ill} 11~~ Ill~ Ill~ 111\11 

... 

. :.: .. :· 
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11 •. The sealed obseriation element of Claim 8 further · 

comprisinq a pipe cross for mountinq the sealed observation 

element in a sulfur transfer line. 

·12. · 'l'h• sealed . oi)aervation element of Claim 11 · 

. turthar coiaprisinq a li;ht source for illuminatin; molten 

sulfur flowin; throu;h the sulfur transfer line,· the liqht 

·source projectinq a. beam . of . liqht alonq an axis 

. 5 •Ub•tantiaiiy perpendicular to said annular axis of said 

bleed rinq. 

13;. Th• sealed · _observation element of Claim 12 

turthar comprising a second siqht ;lass positioned between 

th• light sourc• and·th• pipe·crass. 

111111111111111111111111111111 
* C L M S * 
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14. ·A sealed observation element tor viewinq the flow 

of molten liquid ·sulfur throuqh a sulf~r . transfer line 

co11prisin9: 

first and second siqht ;lasses; and 
' .. :· 

a bleed rinq positioned between said first and sec.cind .. 

sight glasses, sai~ bleed rinq havinq·an aMular a~i~ ·alld 
defininq an internal space between said first azid seco~ .. 

siqht ;lasses, said bleed rinq further def ininq at · ·1east· 

one pasaaqeway for the introduction of heatinq means·: into 

10 the internal space~ 

,· .... 

15. 'l'he sealed observ•.tion element of Claiia : . 14· . 

wherein·aaid heating means ccmprises a h•at.ad·gas~. 

11. The sealed· obaervation element of · C:la~· .· J,4 • · 

wherein said heating· means ccmprises an electric heating .... 

·•l.a.nt. 

17. The sealed observation . element of Claim · 14 · · · 

further comprisin9 a steam jacketed. pipe for mountinci said 

siqht ;lasses and bleed ring. 

:- .·. 

.··.. . ... 

·. 18. 'l'he sealed observation elelllant of Claim .14 

further comprisin9 a pipe cross for mountincJ said si9ht 

;lasses and bleed rinq• 

---·--- ----
... ~ . : 
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19. 'l'he sealed observation element of Claim ·14 
. . 

further cemprisinq' a liqht source for illwninatinq flowinq 
·.molten sulfur. 

20. 'l'h• sealed observation .element of Claim 14 
wherein the li;ht source· projects ·a.beam of liqht.alonq an. 
axis substantially perpendic:Ular t~ said annular axis.·· 

21. . 'l'ha sealed observation element Of Claim 14 
fUrther comprisin; a weir tor.directin; the flow of molten 

·.sulfur tQ11ard the canter otthe pipe cross. 

. THIS SHEET HAS .BEEN-. 
REPLACED . 

-­~-.-:--------

\ '"'"' \\\l\\ ""' \\\\l \\ \\\\ * C L M S 
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22. A sealed obseriation element tor viewinq the flow,· 
. . . . 

of molten liquid ·sulfur throuqh a sulfur transfer line · · 

compriainq: 

first and se~ond siqht qlasses; 

a bleed rinq posi.tioned between said first and . second .··· 

sight qlasses, said· bleed rin9 havin9 an annular. axils al,d ... ·.· 
defining an internal space oetween said first and· 11•concl: 
siqht qlasses, said ·oleed rinq further def inincj ·at i•llat ·· 

one passaqeway tor the introduction of a heated qas: into · 
10 the internal space: 

15 

a pipe cross for mounting said ·siqht qlasaea and/.... . . · 

oleed ·rinq in a sulfur transfer line1 · ...... ·. 

a weir for directinq th• sulfur toward the center. ot. : : 
.• .. · .. · 

the pipe croaa for observation throuqh said first u4: 
·aacond siqht qlasaea: and 

.: .·' 

; .. ··:···_.· 

a liqlit source tor illuminatinq tlowinq molten sulfur.: · ··· .. 

tlowinq over said weir, said. liqht source projectinq a baaa. · · 
· ... ··. 

ot liqbt. along an axis substantially perpendicular to said 

annular axis. 
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