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of Reduci ng Bow Wave Losses of Marine Vessels at any Drafts Tr|
Speeds. Background and Field of the Invention 5 The inventi Hmmwwmm an
apparatus and net hod of reducing bow wave | osses of marine
drafts, trinms and speeds. The bow 102 of nmany marine vessel s arw#ssesi gned
with a bul bous bow 101 as 10 illustrated in Figure 1. Bow waves 104 are—
generated at the bow of marine vessels.!The wave | ength 107 and wave hei ght
108 of the aft and
tri m depencarPear iy dnaMdBed Lol e BRI e bt MRy e 8T e
bul bous bomﬂm)sDtacﬁtSmea@édéi’PPd?oow waves 103 which are of sanme wave | ength
107 and wave hei ght 108 as the bow waves, ahead of the bow wavesl104. The 15
bul bous bow i s deS| gned‘ SO that the anti -bow waves 103 from the bul bous bow
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i |l ustrat edmanndvegaelat iny dsftL trirnmsebspgeder at ed by a mari ne vessel are not
converted to useful propul sion energy, they are energy | osses. Reduci ng bow
waves froma nmarine vessel, therefore, reduces the energy |osses of the
vessel and Thebowetd2 he meng rgrinef Yasséle rary debignérk with s dulbouss bowelQlag® | engt h
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ti mes of poOr onom ¢ si opt I mum spee ener a
much sl ower stpesimpp$es on the bow waves 104 the anti-bow waves will cancel out the
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waves resulting in no or minimum resultant waves 105 as illustrated in Figure 1. As
20 waves generated by a marine vessel are not converted to useful propulsion energy,

they are energy losses. Reducing bow waves from a marine vessel, therefore, reduces

the energy losses of the vessel and improves the energy efficiency of the vessel.

As the wave length 107 and wave height 108 of the bow waves 104 of a marine vessel
25  with a particular bow and at specific draft and trim depend on primarily the speed 111
of the vessel, it is obvious to those who are skilled in marine technology that the
optimum bulb length 110 of the bulbous bow 101 that enables the vessel to achieve the
minimum bow wave losses, depends on the speed of the vessel. Generally, the faster
the vessel speed, the longer the optimum bulb length and vice versa.
30
Generally, a commercial marine vessel is designed to operate at an optimum speed
that will maximize the profit from the earnings of the vessel. The optimum speed
depends on a number of factors such as the operating cost, fuel cost, type of cargo,
freight rate, loading capacity, occupied capacity, route and so on. In times of poor
35 economic situation, the optimum speed is generally very much slower than the
designed speed at the time when the vessel was constructed. In prior art, during
T
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dési gned speed at the time when the vessel was constructed. In prior art,

. during 11111112112171171212171171212111121121111111 *G00001* 2 econom ¢ downt urn,

sone ship owners have cut the designed bul bous bow and replaced it wth
bul bous bow of shorter bulb | ength because the opti num speed of the vessel
has become nmuch slower. It is obvious that the di sadvantage of this nethod
of maintaining the bul bous bow of the vessel at the optimumbulb length is
that it requires 5 the vessel to dry déck and be re-fitted with a new
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prevents the outside sea water from entering the marine vessel. Each adjustable bulbs
is located at different bulb lengths 203. By activating and extending a particular bulb
above the bulbous bow, the bulb length 203 and bulb height 204 can be adjusted and
optimised for different desired vessel's drafts, trims and speeds as illustrated in Figure
25 2. As the activated bulb is protruding above the bulbous bow while the other bulbs are
flush with the top of the bulbous bow as illustrated in Figure 2, the anti-bow waves will
effectively be generated by the activated bulb at the bulb length 203 of the activated
bulb. By activating the desired bulb at the desired optimum bulb length for the vessel
speed and extending the activated bulb to desired optimum bulb height 204 for the
30 vessel draft and trim, the anti-bow waves of the desired wave length and wave height
will be generated at the location ahead of the bow waves to effectively cancel out the

bow waves.

It is an object of the invention to provide an apparatus and a method of reducing the

35 bow waves losses of a marine vessel which operates at various drafts, trims and



3 speeds which addresses the di sadvantages of prior art and/or to provide

the public with a useful choice. Sunmary of the Invention 5 In accordance

with a first aspect of the present invention, there is provided a nethod of
determ ning the desired bulb I ength and desired bul b height of the Dynam c
Bul bous Bow for a particular marine vessel at any desired drafts, trinms and
speeds so as to generate the desired anti-bow waves to achi eve m ni nrum bow
wave | osses. 10 The met hod conprises: #8i) deternining the desired optinmm

bulb length ; ' - i brdVRieitRep RS $4h when
travel ling ggeggg@gﬂég smg)eescl;,%gé Igﬁgﬁggéfé\feﬁpgﬁt&?cgﬁgﬁi% 01"% tt h% desired

opt i mum bul B upefHphRiceo t he desired ship's speed, to generate the desired
15anti-bow waves to achi eve m ni nrum bow wave | osses; (ii) determ ning
whi ch of the bul bs of the Dynam ¢ Bul bous Bow of the particular vessel to
activate atSdmmepsefdhgInventiohe desired optimum bulb length to generate the
desired anti-bow waves to achi eve m ni num bow wave | osses; (iii)

determ ning, the desired optjrmumbulb height of.t Dynani . I ow of
the parti cuf’h?ccﬂgﬁp??ew'gbiﬁré‘ a?ﬂ’/ﬁgtnolfkt}eﬂ%?q%:{l‘qéergpn’gﬁ%lrgs'sl r@‘c’i'g%ﬁ?gf’% %a{)nc&t rim
based on t hdetestiaihg dines Hegired fbutbhlengtie sind eldsiogst hut heibbil ¢f the Dyhamic Bulbiegs desi r ed
ship's draf ri k t §.~ho. i eve

m ni num bowb\c/)v‘g\r}gr %3@5}%'59"%?6{(/%%%{1%??“ g@%‘iﬁé@gé\aﬁg,\/g&n@d uilg%ta%g?ﬁgqgesi red
opt i mum bul betreatgthe dasited antkbavgwaves taeehievgtreidinium bowmayehles®gnani ¢ Bul bous
Bow in pgsition at the desired opti numbulb 25 Iength and desired optinmm

bul b height to generate the desired anti-bow waves to achi eve m ni nrum bow
wave | osses.The meded $PePHEesunder st ood that the Dynanic Bul bous Mdule is a

device for gfigueniReg the dedsifddr §flinfidt b Mekyth lbf ien Ot fansio BullRss BV 6& 1 Mum
bul b hei ght of the bul bous bow of a 30parine vessel so as to generate the
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the desired optimum bulb length to the desired ship’s speed, to generate the desired
15  anti-bow waves to achieve minimum bow wave losses;
(ii) determining which of the bulbs of the Dynamic Bulbous Bow of the particular vessel
to activate at or nearest to the desired optimum bulb length to generate the desired
anti-bow waves to achieve minimum bow wave losses;
(iii) determining the desired optimum bulb height of the Dynamic Bulbous Bow of the
20  particular marine vessel when travelling at a desired draft and trim based on the
relationship of the desired optimum bulb height to the desired ship’s draft and trim, to
generate the desired anti-bow waves to achieve minimum bow wave losses;
(iv) adjusting the activated bulb to the desired optimum bulb height and locking the
activated bulb of the Dynamic Bulbous Bow in position at the desired optin’ium bulb
25  length and desired optimum bulb height to generate the desired anti-bow waves to

achieve minimum bow wave losses.

It should be understood that the Dynamic Bulbous Module is a device for adjusting the
desired optimum bulb length and desired optimum bulb height of the bulbous bow of a
30 marine vessel so as to generate the desired anti-bow waves to cancel out the bow

waves of the marine vessel to achieve minimum bow wave losses.

By using the proposed method as described in the preferred embodiment, it is possible
to determine the desired optimum bulb length and desired optimum bulb height of the

35  Dynamic Bulbous Bow of the marine vessel so that it produces the desired anti-bow



waves of the marine vessel to achieve m ni num bow wave | osses. By using
t he proposed nethod as described in the preferred enbodinent, it is
possi bl e to deternine the desired optinumbulb | ength and desired optinum
bul b hei ght of the 35Dynam c Bul bous Bow of the marine vessel so that it
produces the desired anti-bow 4 waves to cancel out the bow waves of the
mari ne vessel to achieve m ni num bow wave | osses. I n accordance to the
second aspect of the invention, the preferred enbodinment is 5 illustrated
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Figure 2 a pictori ustration n and parts of Dynam c
Bul bous Bowdesitedipptimgm bigp Reightt204. tﬂ@sanﬂévewwmvss cEthgtdesizgtivwanesiepeh apdil b
hei ght of a3B¢ hBghVERIR! g&rafbted at the location ahead of the bow waves to effectively

20  cancel out the bow waves.

It should be appreciated that features of one aspect may also be applicable to another

aspect.

25 Brief Description of the Drawings

An example of the invention will now be described with reference to the accompanying

drawings, in which:

30 Figure 1 illustrates a simplified bow of a marine vessel with bulbous bow and
how the anti-bow waves generated by the bulbous bow ahead of the bow, cancel out
the bow waves generated by the bow.

Figure 2 a pictorial illustration of the design and parts of Dynamic Bulbous Bow,
illustrating how the desired bulb length and desired bulb height of a marine vessel can

35  be adjusted to generate the desired anti-bow waves to cancel out the bow waves of a

marine vessel at any drafts, trims and speeds.



35be adjusted to generate the desired anti-bow waves to cancel out the bow
waves of a marine vessel at any drafts, trinms and speeds. 5 Fi gure
6 is aflowchart illustrating steps of a nethod to determ ne the desired
optimum bul b I ength and desired opti num bul b hei ght of a Dynam ¢ Bul bous
Bow of a marine vessel at any drafts, trinms and speeds. 5 Detailed
Description of Preferred Enbodi nent The followng definitions will be used
t hroughout t hese speC|f| cations: 10Actudtor --- a device such as but not

limted to punp, N f and
roll er which may FI d;\%gféwﬂ Hlus'i%glt?dq&:e?ns Oggﬁ{e’thoﬁf}glﬁgﬁnﬁfé@ tb[\)eng%rr%?l c and

or electri captmﬂﬁmﬁy'b "Pftﬂthrﬂﬂfbd%*fﬂd B4 buikdheili pisa Dynanpig, 8lbous Baw @63i ce

whi ch may bgRpwesLd gayén)ﬁg,taﬁgq,‘t,mg bRa §ddé.0 hydraulic, pneumatic and 15or
el ectrical neans for locking the bulb in the desired position.or releasing

the bulb fromthe desired position. Bow --- the forward part of the hull of
a marinesvessel 20Bul bous bow --- the protruding bulb at the bow or front

of a mari neDeedskDesanstion df Pr¢fersed Bmbaodiment partial |y bel ow the waterline.
Bulb --- the protruding part of the bul bous bow that produces the anti-bow
waves

The following definitions will be used throughout these specifications:

10  Actuator --- a device such as but not limited to pump, cylinder, motor, solenoid, gear,
rack, lever, cams and roller which may be powered by but not limited to hydraulic,

pneumatic and or electrical means, to move and adjust the bulbs.

Lock -— a device which may be powered by but not limited to hydraulic, pneumatic and
15  or electrical means for locking the bulb in the desired position or releasing the bulb

from the desired position.

Bow --- the forward part of the hull of a marine vessel

20  Bulbous bow --- the protruding bulb at the bow or front of a marine vessel, usually just

below or partially below the waterline.
Bulb --- the protruding part of the bulbous bow that produces the anti-bow waves

25  Activated bulb -— the bulb at or nearest to the desired optimum bulb length that is
moved and adjusted by the actuator

Bulb length --- the protruding length of the bulbous bow measured from the vertical line
of the bow to the foremost point of the bulb

30
Bulb height --- the height of the bulb from the bottom of the marine vessel

Bow wave --- the wave generated by and at the bow of the marine vessel



25Activated bulb --- the bulb at or nearest to the desired optinmm bul b
length that is noved and adjusted by the actuator Bulb length --- the
protruding | ength of the bul bous bow neasured fromthe vertical |ine of the
bow to the forenost point of the bulb 30 Bulb height --- the height of the
bulb fromthe bottom of the marine vessel Bow wave --- the wave generated
by and at the bow of the marine vessel 6 Anti-Bow wave --- the wave which
is out of phase with the bow wave and vthen superinposed on the bow wave,
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| osses --- ffer at ed by the nmarine vesSsel does not contribute to the
propul si on s:fpetlmeosedrmméﬁwb@sefvaveTw&r ednseleoutniecbye Marateiting PR R&ri ne
vessel is capsidenads as energy | osses. Energy | osses due to bow wave is bow
wave | osses. rine vessel --- any ships, boats, rigs or crafts such as
but not limted to cruise ships, 10ferries, tankers, container ships, bulk

carriers; ig&yRaeakRES --D!Nlalver gegfératé’cﬁﬁﬁtlﬁe rﬁé}%es\ibsge‘l dous @dt daptributeatosther t at i on
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Marine vessel --- any ships, boats, rigs or crafts such as but not limited to cruise ships,
10 ferries, tankers, container ships, bulk carriers, ice breakers, oil rigs, yachts and so on,

used for transportation on water

Wave length - the distance over which the wave repeats itself and is measured by the
distance between two peaks of a wave

15
Wave height - it is half the height of the wave between the elevation of the crest and

the trough

Speed - the speed of the marine vessel relative to water
20

Draft - draft is the vertical distance between the waterline of the marine vessel and

the lowest part of its bottom.

Dynamic Bulbous Bow Module --- it is the term used to describe the module of this

25 invention

Trim - trim is measured as the difference between the forward and the aft draft of a

marine vessel

30  Computational Fluid Dynamics - it is a branch of fluid mechanics that uses numerical
methods and algorithms to solve and analyze problems that involve fluid flows.
Computers are used to perform the calculations required to simulate the interaction of

liquids and gases with surfaces defined by boundary conditions.

35 Towing tank -- atowing tankis a physical basin ortankused to carry

out hydrodynamic tests with models of marine vessels, for the purpose of designing a



_Sbeed --- the speed of the marine vessel relative to water Draft --- draft
is the vertical distance between the waterline of the mari ne vessel and the

| owest part of its bottom Dynam ¢ Bul bous Bow Module --- it is the
termused to describe the nodule of this 25invention Trim--- trimis
nmeasured as the difference between the forward and the aft draft of a
mari ne vessel 30Conputational Fluid Dynamcs --- it is a branch of fluid

mechani cs that uses nunerical nmethods ahd al gorithns to solve and anal yze

problems that, i nyQlVeeddoti & fr%fﬂ\?@ th@oggéi%r?rcﬁ &' Barheeledsel RETiFRFIVE! 1t
calculations required to sinulaté the interaction of |iquids and gases with

surfaces deb¢malhgﬁ.%§a%dary conditions. 7 new marine vessel, or refining
the design of a marine vessel to inprove it's performance at sea. As

expl ai ned earlier, the bul bo b 10 df
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when 10 the I'ne véssel not travelling at designed draft, trimand
speed. |n tho2 dessoudiprasivce therdesitethphtebaw WIaVQ‘ﬁetOéE@m%OHb'@etbGV‘flW4Vl9§t‘"fhét‘e how
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such as 1t5h628 Srr%aryebd S ltv‘!atn‘Hr{c]) %Poldlacé %%gée@irgé)%nfﬁggnl waves to cancel out the bow

waves at any drafts, trims and speeds.

it would be appropriate to begin with an explanation of the methodology of how to
determine the desired parameters such as the desired optimum bulb length 203 and
20 desired optimum bulb height 204 of the described embodiment to achieve minimum

bow wave losses for a marine vessel at any drafts, trims and speeds.

It is obvious to those who are skilled in marine technology that for a particular marine
vessel, the desired optimum bulb length 110 of the bulbous bow 101 that enables the

25  particular vessel to achieve the minimum bow wave losses, depends on the speed of
the vessel 111 at a particular draft and trim. It is well established in the science of
marine technology that the relationship between the desired optimum bulb length and
the speed of the vessel can be determined by computation methods such as
computational fluid dynamics and or by towing tank tests using a scaled model of the

30 marine vessel. Therefore, the desired optimum bulb length 203 of described
embodiment that enables the vessel to achieve minimum bow wave losses can be
determined from the speed of the vessel as illustrated by Step 301 in Figure 3 using
the determined relationship between the desired optimum bulb length and the speed of
the vessel.

35



20desi red opti mum bul b hei ght 204 of the described enbodi nrent to achieve
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speeds. It is obvious to those who are skilled in marine technol ogy that
for a particular marine vessel, the desired optimumbulb length 110 of the
bul bous bow 101 that enables the 25 particul ar vessel to achieve the

m ni mum bow wave | osses, depends on the speed of the vessel 111 at a
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rl gurﬁ 2, faie Bﬂ&m& ijw i All btlrhler gelss rsAgll Bsthdin IseaIp tdmadis ettbedéss RSthet DBMI ub
ength 2 20 t he C w act i vat e rtigally upwards
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20 measured draft and trim of the marine vessel. Therefore, similarly, the depth of the

point C of a bulb 201 illustrated in Figure 2 can be calculated from the measured draft
and trim of a particular marine vessel. For a particular marine vessel at a specific draft
and trim, it is obvious that the desired depth of a bulb below the water line can be
adjusted by adjusting the desired bulb height 204. It is well established in the science

25  of marine techhology that the relationship between the desired bulb depth below the
water line 105 and the wave height 108 can be determined by computation methods
such as computational fluid dynamics or by towing tank tests using a scaled model of
the marine vessel. Therefore, the desired optimum bulb height 204 of the activated
bulb of the described embodiment that enables the vessel to achieve minimum bow

30 wave losses can be determined from the measured draft and trim of the vessel as
illustrated by Step 303 in Figure 3. |

In this embodiment as illustrated in Figure 2, by activating and extending a particular
bulb above the bulbous bow, the desired optimum bulb length 203 and desired

35  optimum bulb height 204 can be adjusted to the value as determined in Step 301 and
303 respectively.



20 nmeasured draft and trimof the marine vessel. Therefore, simlarly, the

. depth of the point Cof a bulb 201 illustrated in Figure 2 can be

cal cul ated fromthe neasured draft and trimof a particular marine vessel
For a particular marine vessel at a specific draft and trim it is obvious
that the desired depth of a bulb below the water |ine can be adjusted by
adj usting the desired bulb height 204. It is well established in the
science 25 of marine technology that th& relationship between the desired
bul b depth bel ow the water |ine 105 and the wave hei ght 108 can be

determ ned by conputation nethods such as conputational fluid dynamcs or
by tow ng t Ahktep89¢ in bishnegd. thesactivateld kvl dptegninethi $iaps P! &893 exterded ef or e,

the desired,Qptdiguy Stldlord Siolted? Byt h%rahlh;e pﬂ@@lhé(tﬂ:t &delbéth&l(}ﬁeénlgetodﬂécr i bed
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i |1 'ustr at edpbyersll 8P hgfdulicNprieugidti€orsledtritat Mesnsenbodi ment as i | | ust rat ed in
Figure 2, by activating and extending a particular bul b above the bul bous

bow, the desired optinmum bulb | ength 203 and desired 35opti mum bul b hei ght
204 can be adjhsddtidattdbilhds pratrutingasbate theer aibved bow abtrepde3bdd aptonud®Bulb

respecti vel t St i L Our e \} ned in
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or electrlca neans. he acti vat ed I b 1s protruding above the bul bous

bow at the dessetsgedpli ﬁﬂﬁﬁhsmeﬁqudeq@frww height P4 fforde %ﬂ%lﬂﬁﬂﬁwwra hei ght
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activated bulb 201 at the location ahead of the bow waves to effectively cancel out the

15 bow waves.



- 10 be generated by the activated bulb. At the desired optimum bulb |ength
203 for the vessel speed 111 and the desired optinum bul b hei ght 204 for
the specific vessel draft and trim it is obvious to those who are skilled
in marine technology that the anti-bow waves of the desired wave | ength 107
and wave height 108 will be generated by the activated bulb 201 at the
| ocati on ahead of the bow waves to effectively cancel out the 15 bow waves.
10 CLAIMS 1. A nethod of reducing the boW wave | osses of marine vessels at
any drafts, ctAiM® and speeds, the nethod conprising 5(i) varying and
adjusting the length of the bulb for producing the anti-bow waves for
cancel ling out the bow waves, the optinmumlength of the bulb chosen been
dependent on t hea sl of retitiéngrivel bdv wags elssesCenmadid yessth et famg tdeafts; he
speed of the mari.ne vessel he Longer the optinmumlength of the bulb. (ii)
varying and adj JE'PFﬁagf?\eeedﬁetf'ﬁH}ekhéj;ag:f)ﬁ'gr'%ﬁﬁb for producing the anti-bow
11: 1 waves for c@vesirg ang adiustingtbe frmgthef tleshull fee podudinaitherastighw wsives he bul b
been dependent i f ; i Y e , the
?f?;r é%geﬁﬁfirﬁtg@é‘pﬁﬁé ng%:lvs? t?%]ge'ﬁm{m leH&th o #:Ehulb hakby

greater the dra _ greater the optinmum hei ght of
the bul b at the dgpendanteh thegipredef thegang vesaelcGeerraly. the fastenthe speef of 152, A

met hod accor di NGk fhafrih@léBsbs, HeNGHRH the@pinlinlérighn b14kd hab. conpri ses’ sever al
bul bs which are recessed, wth he bul bs been fl gg}he wWth the

3 ' h the top. of t d

surface of the bl M&YEILBW afiesiing Hae Bigight ohihe PyP|for prodicied e anfthpe%ach

bul bs can be extgadgdort GntdfnglesitheBol@iagky, thel bitintum heioicatttes baib been near est
to the optinmumlength of the bulb at t mar.i ne vessel's speed be
activated by 20 %P%E‘ﬁ‘?ﬂt H@tt'?etdr?ga?%g'"lj%@ﬁ? @ar"ﬁee]’egsﬁ%: a‘f’ﬂeera" ] nlerﬁﬂeﬁ?ﬁ%%er of
bul bs shal | be tavaftand ttideoynhzibswmntheugreater dfe dptinben bbightl oflibe detbeatrthee by

t he physi cal dinension artl - , of the bul bous bow whi ch
can nount the na%d AUMm %ﬂ%ﬁgi%S%Hkﬁch%&‘gg%&%ﬂgngphod according to claim1l
and 2, wherein claim1(ii) further conprising adjusting the height of the

activat ed 32.' b 'R(iﬁétﬁ&h Qéco?cfind"f‘oa&s??{ 11 QndBR @Rk MUl Hohhphbed B&ehil b, by
actuators i ch may be powered by hydraulic, pneumatic, or electric neans.

bulbs which are recesséd, with the top of the bulbs been flushed with the

surface of the bulbous bow when the bulbs are fully retracted, and each bulbs

can be extended to the desired height. The bulb located at or nearest to the

optimum length of the bulb at the marine vessel's speed shall be activated by

20 extending it to the desired height. The minimum number of bulbs shall be two

and the maximum number of bulbs shall be determine by the physical

dimensions, particularly the length, of the bulbous bow which can mount the

maximum number of bulbs.

25 3. A method according to claim 1 and 2, wherein claim 1(ii) further comprising
adjusting the height of the activated bulb located at or nearest to the optimum
length of the bulb, by actuators which may be powered by hydraulic, pneumatic,

or electric means.

30 4. A method according to claim 1, 2 and 3 wherein in claim 3 further comprising
locking the activated bulb at or nearest to the optimum length of the bulb and at

the optimum height of the bulb by hydraulic, pneumatic or electric means.

5. A method according to claim 1,2,3 and 4 wherein the bulbs and the necessary

35 parts and mechanisms for the bulbs to work as described and claimed are



304. A nethod according to claim1, 2 and 3 wherein in claim3 further
conprising locking the activated bulb at or nearest to the optinmum |l ength
of the bulb and at the optimum height of the bulb by hydraulic, pneumatic
or electric neans. 11 enclosed in a nodule, recessed into the bul bous bow
and forma work tight skin to prevent external sea water water from
entering the marine vessel. 5. A nethod qccording to any precedi ng clains,
wherein optimum |l ength of the 5bulb and opti mum hei ght of the bulb for

producing the arﬁdcto@@&‘ﬁn%?ﬁ@&u@freédé@edjﬁﬁi th@dulb@l@ﬁw atcfornm e evorietiygt kkif or  a
mari ne vessel at aﬁfartlcul are achi eved by

activating the HOPFEBEKLR 3¢2 @Pteﬁ&’avsé@?m 88petr 'AS I'ggﬁ?rpgdegsp i mum | engt h of
bul b and extending the activated bulb to the desired opti mum height. 10

5. A method according to any preceding claims, wherein optimum length of the
5 bulb and optimum height of the bulb for producing the anti-bow waves of the
desired height and wave length for a marine vessel at a particular speed, draft
and trim, are achieved by activating the bulb located at or nearest to the desired
optimum length of bulb and extending the activated bulb to the desired optimum
height. '
10



