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~r·~~us'ti.lltti~ 1ilGW:•P.f:-~ft~~~-~Y'fra~ically.~;fe&:. tOc ;..._,dia. · ·zs: _ . . .. ...... ,., ..... ..,.. 

·\~;~,--~n~~~!m~~~: ih!~p· ~J :d~~ ~i~~~t;d' ·th~t;!i-~n; ·_ ·:~~Y-_·)~~,-~~i·: ~ :~&~;:/-"~ - .· 
,-~.:--: :. :c .• P,lrig)leets OfJhe world, :at· a maG)" 1(} to· f2 ,knots;. rQilning · ·,construc:ttOD "' ·"~ : ' '"•'£'~: : 

.,:~--~asJtliaii.ti~~ ·engineers:" used- to~ ~y · "like· sewing ·machines". · Cast · . .iron - ~'aS u~ J · · 
·· .. 'TYPkaT thermal efficienciei ofaround 20. per ~nt·wefe aitained.. cylinqer Qemg .. .. 'together' form~ ,·. · 

. . ori-ehgjnesoperating on su-'*heat~ steattfat 3l.S°C (600ocF). a _cyfindei block;. supported froiJ(fue:..cilst J~Jpfate by box .: 
. ~ ·. ~,.c:·tiowever; although· at. the end of World War ·2 a large se(:tion columns: The three'ba<;k co.lumns were' pn>vided __ with .· . 

protrortion of the Allied merchant fleets were propelled by the water-roofed crossb'ead g1.1ides to take ahead. and astern pisJo.rr·:' · 
up··and down~r. in the face ·of post-war competition from the and CQnnecting rod,thrusts.-To .cope."with alterQating stresses~ 
steilirr turbine and diesel engine, tbis 'fine engine faded away. piston and <;onriecting rods' were macnined4rom,():2 Qet cent.; . 
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Fig2. Cross;§eCtion of a typical c;jPfe expansion steam engine fitted with Stephenson ~lmk motion reve;'.sing gear. 
. -• _;,_-- .· . -- ;· -~ . - . ; - -, . r --~ .l ';>. .,.:,· . .. . .. - - . . . ·-' "· -- . 

' " .. , 



~ .. -.. , -

-.· 

{~n st~t. amfthecraDks~fdrom for~d~~~; ~ith a t~~sile .. cylitfde~ crosshead bearings""a~tuated -a ~iprocati~g m~~ ~ .. ···~ 
s.~ngth ·of .. 3·$ ~~_ t0nf/in 2 _ {540-~-MNJni•) . .. Ma·in .and bottom _: __ -- to drJve the ail and bil~ pumps, It Was POsSible, wjth a little_. - ·· · 

. end bearings were of Babbitt whit~' metal (83·3 per cent_ Sn, ingenuity, to construct a ·•Heath 'R.obrnson'\vashing maclUi)e 
~ , ll·l per cent Sb, 5·6 :per cent Cu) often tun· in· after scraping, ·. driven from this motion,- to pound :one's ov.erans.· a._: a steady 

on pure castor 9il to obtain a hard surface skin,' Usually the 75rev/min. Engine lubrication by gravity Jeed, oil boxes wa8 · 
crosshead bearings.were machined from .gun metal{~ per cent . ·augmented by' a regular application .of the hapd 'oilcan.~ ~~·- ··.· ~= 
Cu. 10 per cent Sn) running on mild steel pins: _ . _ · T:his typeof engine would weigh abput 150 ton (152··4 t)'and · 
. ·A lever motion connected to each side of .the low-pressure . develop some 2500 ihp .(1858 kW) at 75 rer/min from iteam _ 
- ~ , - ·at 220 lbf/in11 (1517 kN/m 2) at 23~0C. _ . _ · '" ' . . ,' , 

~ Fi!J_ -3 . . Mollier chart foi a~ eng~'ne: ·r~king steafli" in _tthe superheated · :.- ~ .. - _ -· · ·-; ... ·· ·· 
.region co ex_haust in -the· wercondiiion. ie below the saturation line." :A true heat .engine ·> . -. . . _ . ·:o ., 
~ thfi chart is plotted on enthalpy_ and en'tropy coordinates-the W~s .. the · tlp.an<J--downer a tru,~ peat t(ngine} .The :ij.DSwer-· is ·. -
former being tarat heat per kg, the latter, therario vfheat taken up ye~. provided you refer to the engine oruy. Certainly 'it fulfills 
Eo its absolute temperatufl;. . . ·the criteria of the heat engine in that it receives an<l 'rejectS 

heat, converting a proportion to ·Il}echanical work- in·. the -
process. Reference to the MoUier chart (Fig_ 3) :Will show that 
expansion takes place with an jricrease in entropy, .and that this '' 
increase< i~ Iess ·in .the superheateq ·region. The ·ide:U exPansion 

_ -never reached in practice-would· be· adiabatic,. ie 'withou.Uhe · · · 
. , . :_.' loss .Or ad(jition of-heat .along'4he )~lie of CO'_il~~ant entrp}!y. :~-~ ~, ~ _ ~ ~ 

§ll · · :' . -. · Fr~ the ·chart tlj~ max!!_Inup)l(lat_ dr9p .a3<J:Uaq~e for·wpr~j2~>< ·:·~ 
___ ,_...._:.!.. ,.l!e;;~Qt. -i-;; .. ,;, ":, ·c-. (~!J.I) ~~ ::Erc::·~E!' .Qut ;t!.!t1.J~~lf.:a.t . ¢.:9_P.- ~!,myer.~~~tp<WQ,!:ltz;~·;~~~-: 
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~- .· In it r.al .. • · · _ .. 

pressur.e . 
•>" . Exhaust 

· prtlssure 

(/>1 •02 -
Spllcific .flntropy kJ/ kg "K -· 

~_:<:·· J\& '3.60;<H_ J =_: 1 k~h; .the _,e __ ng_1_ ne_ ~- ~team rate ._. lS: · (E ..:...C':-)- · ._,_;.,_ · ~::: 
- - · .... ,.. . · · · - . . 1 _.c.a "1) .,. . ..•. ,,_, 

'~.· : kg/kWh~ . F~om -~ :w:eu mai~t~i~d eiJgi1;1e ·one:. coUld ~~~ a~· . . :-:>.\ 
- steam rate-.of 8;~52 ~g/kWh .(14 Ib7hp/h). : ··:;.:_ · - .. ·:' -~ ... _,_·: ; ·> 
~ . : The. chart · shows that expansion app_roa<;hes ne!lrt:i' the . idehl· · ._ '. 

/ ... · · in the superheat fegion: the '~giri~s· . upper,_ iirnitation·wa5 itS ·: ':: · 
' inability tp use steam with . a .high-:- oegree _ i;-C~upe~heat.ie "it . · ::.·.­
pressures above 250Tbf/in2 (1713 kN/m 2). ,' > ~~- ·-, ''.;-. .:.' · .· 

fig 4. ln.dicator afe{Jrams as produced by the Dobbie Mcinnes 
SI.eam ;engine indicaror. (~) hp cylinder, (b) ip_ cylinder. (cj lp 
cylinder. · · · · ~ 

If we look at. · present-day engineering •. acl:iievements~ · 
·bearin.g in mind that steam engine develo]:iment Qver-the past 
20 years has been negligible compared \vith the diesel engine--:---: 
arrelevarion c•f steam pressure and superheat' temperature Wqild 
now be possible. However it would be neeessary to proyide six 
cylinders to develop the complete range ·of expansion, -? not 

· · Curvtl of pressurfl · Curve of pressure · 
f! : . ~cting on top arundersi.de 
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insuperable task in the light of present-day· technology. ' c · . 

The expression 'triple expansion' is really_it ~isnomer._,for 
' although steam expansion too.k place in 3 cy1inders t!ie actual . 
number of expansions. depended upon the steam inlet pressure 
divided by ' the terminal pressure, both expressed in absoiute 
units. · 

-/"'.,.;;; 
Although not strictly true, expansion is usually assumed-to be 

isothermal ie pressure /. volume = constant. It follows that 
in the case of this engine, there is a large increase in specific . 
volume when terminal pressure is reached in the low-pressure 
(lp) cylinder. The difficulty of providing lp cylinder volume and · 
exhaust port area sufficient to pass high specific ~volume sieam 
to the condenser, imposes an inheren.t limitation ori the lP 
side of the cycle. 
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In order to avoid undercooling of the condensate, the back 
pressure carried by the up and downer never exceeded 26 in Hg. 

Engine tuning 
An important diagnostic ins~rument used • by those who 
tended the heafth · of the up ~and downer was the Dobbie ' 
Mcinnes steam · engine indicator: The --indicator diagram 

Spring plotted by the instrument shoyted the variation of,steam pres· 
Undflrsid¢ scaltl sure in the cylinder throughout the stroke cycle. Fig 4 .shows 

fr~p---------~---- _· ~-:-~ .. L kls a set o11~ indicaior-
1
caids taken ftfom th

8
e trhipiAe e.xp_an~ionLoengtdo'rie 

•· A , :---- ~-----·· ~ · prope mg a-vesse on a voyage rom out menca to n n . 
~ r0· i · ..... -..-------- >----~::____ / - C c) . ~' in 1947. The total .indicated hp. was 1735 and ·witli the ·16·Sfi ·. ·_-· · ~:-~- · ~ .... -- · _ :z> - . · pitch. _propeller . tumfng at 63·5 rpm the 7~ ton vessehvli;S .. -

. ,__ · · ··• ·:--===;;;;=~-=-----·:::::;:;·.":=-"-·--::=-:··~ · - ·. ·::. ,_~. .· . • steaming at 11·4 knots. - · ,,.:c ' • .. • '-: • • ·• 
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.~.,;~~~~·~6--:t;-,~- _';,,_-~~.~~~0·:-~::§_ -~- -"'c~:k3·{::t~;~~.' -:~;?;f: ~,~i;·ti~i::~~·: .. -'-·.- ,-;co_ .• , _""· 

~-; > ~-~::tz:., PA:~,-S~ aboye the-cyU.Qder 9!-!t"lte ip-caxditiEg_4 as~·: 
:: ' ·: t:;·~-~~e~1!f.~(p~t?f:the ~~m._to_ be_ tl~awri _ !s- t}te.,i~J>~eric -

_.-lme &L -andJhe- vanat1ons m pressurl! that foflow~~are then-
- · -- · -·-:- ::traced:·a-s -follows~ ·at :A pr~ssure _rises ·with compresSion of -tbe _ 
• . --- _ _ _:,-triippi<f cushioning. $team>to pojnt B where steam fr.om tile 

• - j:; hp cylinder _exhaustis admitted. Admission continues fo cot-Off 
= _ 

0pmntC where expansion with the. consequent drop in pressure 
· (and temper<tture) continues to point .0-the point of release. 

The_ cyCle· is completed with -the exhausting ·of the steam to the 
lp cyfinder. inlet ie from _b to A . . 
, The mean pressure throughout the stroke was cafculated by 
pl<t_nimetering_ the area of the curves for above arid_ below the 
pis~on: the total mean area. for each -curve was then divided 
by' the diagram's length in order to establish the mean height; 
'this. figure multiplied by the spring scale, gave the mep-(i:ne.tn 
effective pressure) in lbf/in _:~-. The ihp (indicated horse power) 
for the cylinder was calculated from the weU-known formula: 

_h _ PmLAN 
I p - 33 000 

where: Pm =mean effective pressure in lbf/in 2 

L = length of stroke in ft 
A = area .of piston in ina 
N = number of power strokes per minute 

An interesting feature of the hp diagram of Fig 4 illustrates 
one of the diagnostic features ofthe indicator card. A study of 
the diagram will reveal a rise in the expansion curve after cut-off 
at point C. Thi~ rise of pressure is due to a leak in the hp piston 
valve' occurring after cut-off has taken place._ 

Balancing the. engine: consisted of checking that all cylinders · 
developed approximately equal power (and therefore equal 
torque). This was aj;:hieved by_adjusting the expansion link 
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Fig 5. Stephenson's link motion. Engine output was · varied by 
adjusting the expansion link. so increasing er decreas/ng the piston 
valve cut-off point. The volume of steam allowed tallow through 
the~_engine.s was therefore control/ect._ 

-attached-t6 the_ Stephenson's link motiqn gear (Fig 5). in an 
operation known _ _as 'linking-up'. The _power of the wJ:>oJe -~"-:; .• t 

>. __ errg111e· was reg)Jlated' by the_ adjl!Stliient ·of the hp ~valve~: fsQth;rmal expansion was not obtained in practice, as- Fig 4 
-.-. ,-i 5:;:- I>ciOsion , link~Th_e ~(:tion o(opening :{)(It -the Jiqk--brought tru! . sho;vs, because ·steam temperature was not constant" thn;)uglto'ut , '< 
- ::- .._ -ilh~ad -ecce-ntrit- rod mOI:e tO: the vertical' position in-relation to· · the: stroke_ and valve gear· motiori'.was notjnst~te1neci:us~ To _;··_-

. the valve 'operating iod(th-us 'valve travel was increased resulting compensate for these inlperfections the thet;ireticalcalculations · .. ~ ":_, 
in a later cut-off and aH~wing more steam to flow through tire . were multiplied by a 'diagram factor' _of0·7 t? obtain the actual 
~~i!l~· -~dl).ve_r~e!y,do~ing in the Iillk reduced po~_er qutput~ _ mep. · . , 

__ · -Lm~lng-up a~JUStments to balance the power-output .Qf the _ . . _ . _ . , .. ' · . 
_, - -tbtee individual cylinders required some thought and reasoning. _ Why thitY ran so smoothly- _- ~ 

-, , -;- }'or e~ple; t6'increise _the power output of the intermediate . -. ~ere is ng 'doubt why the _up and downer ~- so well; i• was 
~ _ cY}inQ.e~, fu.e il>--link was·sliut-tesultlrig i.n im earlier stearp cut.:O.ff-_/ 'the· outcome of lOO . years of steam- enginee.ting evolution • . 
, , '- thus takingJe8s steam from -the hp\:ylinder exh'aust. ThiS bad b3sed upon empiriea} knpwledge and backf<d .l?Y .sound engin- · · _ 

- .::· -,t.. 

·~; _. 

. · . the 'etfe¢t of-inJ,::reasing back pressure.on.the hp cylirlder itnd - eering·theocy. The engine -was robustly_ coiistiuct¢; slo\V.run- . 
- reducing it.S' p"ower output;: bfitincreasedJ:ip back pressure also . ' i'ling but Vlfith high torque output and'desigried with-extravagant -
meant. an tilct~se.iii steam ptessuieJQ. the i);l cyiino~i.:tesUitiog- -~ facto~ .of .Safety.-·lt-was r~sponsjve_ Jo _loa<!' variat_i6n 'wfthout ' -. 

'· in theJattef cylinder devel-oping more-· power; :, . - :·-.. , __ -:··- . :-~ undue - yibr~tion or" critical . s~- IitriitatitiiL Reversing ·was -,.~.·~ 
.· .~ ~Jefore leaviflg the _subject of iiidicator diagrams\d_sjnte_iest: .. certain and full power .in .either direetio_n"':_ coUld· be ,obtained. ~ . "-
ing _to c_onsi<.fer. bri_effy~ the ideal~but theoretical~xpansion - Maintenance demand and 'doWntime were low beCause h was . • 
cui.ve._ After the cut:off point potential · energy is cpnver~ · possible to run some ~20 000 h between major overhauls at:ld 
into wor.k QY the expansion of steam in the cylinder driving the there were very few expendable components. ' · 

--~ 

pis~on to the point of exhaust opening, In . theory, exp;msion A.s an example of sound basic engini-:c;ring design it has had 
-- is isotl1ermal followin~ Boyle's Law, ie. preSsure _x volume "'~ few rivals. The ease with Which -the three cylinder dia· w~re 

.. constant. The expansion curye_ is hyperbolic in ~shape: If, for determined will illustrate this. . . . .. 
simplicity, the -cylinder _clearance volume· is_ neglected, th: _ At the planning stage.-the initial and 'final ste~nf pressures 
theoreticalirte_p J:J: · · wer.; usually known,- as were the ihp to- be· achieVed at .the pro--- , 
· · · " .. ..,.. , -,., . : ~-,c• / ,_ /~ -~- , _ , . ,, posed. piston speed. Anin<.ficator dia$fam:factor w.as-;decide(f- -

~- :--- - - . ' f'P ·- ' '- . ]~ . o. <; . . -upop and the point of steam cut·off in the-hp cylinder; defined. _ 
~ . . . !'m'~ t -;:J!+ f~ge r) ~-:- pb ·' ·. · ·. The ~first step . then, was .. the determination· of_ the engines' . 
, - . . - · - - . - _ . . . - . referred mean pressJJre (:rmp). 

' where': Pm"= _mean effeCtive pressure lb!/in"" _{N/m~i :- <. - The rmp is the: s-team pressure which. _acting alone on the lp c 

.. __ '-'p . =-=:- initial~ team pressur~ llff/in1 absolute· (N/m~ · pis~ol), wol,lld develop the totat engine J)Qwer in.the' lp cytin9er. 
-• :..- __ •_, '_ -: . . . .'f --. ' - • , . ffual volume- , · -; Rm:p's- were usually (iesigned to ttfib e ~rd~- _of 35 Jbf/iJ:!"2• (241 · · 

·r . ~-.r.atiO o . expans1o.n =. - : • ·'~ , : --~1~--. _ x 108 N/m 2) and it -follows that e design- Qf-tfuf lp cylinder. 
· · ---- '- - - .,, - · '- · - tnlh<U VOJJtne • : had to be of. a size and strength-sufficient to-accomll}.odate--th~ 

•. , .•. · }Jb. -*b~ck pr~sure-l!'Jfiin2' atis~uto .CN/m11fj;) .· - vol~c of~eam_ after expan~ion:<. - -

'· -. . _'An &pi?fet<iatror of ~h~ .t~ipt~ .ex!ia~sion ~nginn -© i'Mic~ E-·i 974 -~ · ·-· -
>:.:_~-~;j-.yf!i:'~~~M:r~~-1~74; ,---~ -:- ---~ . "":.: ,--.~ - .: >~--- "-- :. 

tl- '':'-:-- ~ :' ·; "'·-- -r·-... ·~ -



-,~~:-~~ttt~~~t~~;~r~:p~lf~~~~l~;~~~~;:)~~R~~ll 
., ,·""'>' Tile lp cylinder-· clia tP in) is,.e:x--rr.a.cted.frOm· _· .. - engint, -~vi\>ed '!-fret 100 y~l'S; js one ~"\itStlindfug case.- ·;."·-:.~--:. · ·-: ~, _:;>;:,~· 

, ::~;;.f_,·' ·· . Y'_.·-·;_/-. .: ,: . , .:::::-~~ : .. _ ·~·>-:: -- •· . T(ldaf fct:- example, it 'is . possibJe- tl.iaf tfliifoitnef:iip~r ·· -;,, __ .;::;~ 
. ', . . . . -- RMP. LAN ' ~ limitations c)f pr~sur~ and temperature (it' the triple, · cQut~_ '· ·· . ~-:" 

,. ' ihp - · -. · - be raised, as a consequence ot whic)l six cylifiders".may :be ·· · '· · 
;}~ 3~ 000 

' ·. · ' .. -:. necessary to complete the full range o(expansiori. • .. ,..-";- . _ '. 
----( wliere:._ ihiJ· = indicated:horsitkwer . ·. · .- :The valve motion could be improved to _Jtlak_e ·Ct{t-.iQtr-.- ·, · ·•· 

· · • RMP ~je(erred .mean pres5ure-(ibf/in1) .: ,.. • instanfaneo11s; this would preven(wire-drawing·of the cylitider ·· · .-,.:. 
. , . LN · = plston speed (ftfmin) :~:.- . _ . steam andsoincreasc therm.arefticjency·. ·· ~ ·. · · .•. c: .. -. ~; 
.. ·:~. :. ~'A ' = -area;oflow-ph:ssure cylinder (Jn•( :: · - An impro~ement in tlie :weight bhp .ratio ·coUld resutt.froro- ·:·.-

• . - -<>: · • • -~· · · • 
0 

c · - designing the e!Wne ·to trtodern,:~ ~~iistic. safe~.Y:.r~rs.Pt .. · · · 
. 7 • 4:' .= ·4 1>~ .· .' - ~! ·.• · could.,.tle -made totally enclosed_: and self-J.ubrleatec;l; i~ ~this ·:• 

; ..... - ·:.-· · 7 ,~ , form )t..may Julfill <1 need Of society.' in Jhe· totaf ~ergy~ OJ:. 

';j~~:~>Xs ilie initi~l an&. final. steiun ~rig~~ are t<fi~wn, thei~ ·standby·geneiatjon .fields~ - _ - .:~ ~;--}~ ·-: '-
~:::}. specific volumes are known: ·~"'- · · : ,. · - . , , .:_ Firiafly it . could be argued that as' .the triple~ iS a ·trui.4itat- -·. 

!": .·· The. hp cylinder 'dia (din) is extracted -as follows: - . eniim~, i:t rimst :always be. possible to develop~.tbe:::Cyc!e to 
f: conform more closely to the Carnot ideal.· ' ~ . · . · '_ 

~ .....
.. ·· ..... --_ .•.. ' __ ' .. -.--.'~R~tio of expansion =f .. : - • '- ft'' is. -therefore hoped that the suggestions. put forward in this., 

article 'may at least-stimulate thought that rriay lead to further .'. 
... ...:. finiiholum~: · devel6pment of the ~triple', ~Tthough society's need~ \viii _ 

~-~· •• : r ; initial volume · pr:o.bably -~the-arbiter as to whatis possible._.: 
. ·• c.• ' •• . ~. . ·-~- '_. ~ ·• 

t_~,~_.:_•~;:,._.-__ ·_· . _ .. ,_ -~~<_-.-~~ ~2 ~~cut~~ff-:h_-. ·.·-" " ··-.... ·--.:--- ,:,:~~:--_·:~.>:.· 
r~..: . . ... - .:.::;._ ... <t; .• :· .. -: -~ - ~ :~ ,..,._,"'(:· . 

~:/-_;(j~-: ~d~ ~bp.dyl;nder~ia -(iri:a) ·' .... ·,_ ·c "·"~-- .-·:_ ;,.; • 

. .: · - - D2 ~ lp. cylindecdia (jna}_ · ;;·:; ~ ... , ~' :. - '.-
.,-._,._, · The relationship -pe_tw~n cylinder dia iS based, ~po.n proved . . . '. · ;. · ·· ' • 

,.? ert:u'iri~lknowledge:: ~:..- .. · · : -> ;· '_- • -. ~:-.. •· · -~ ··' ·: ,._ 

"'-./ ... 
' 

>-:...,. 

d X 
-

... ·_'.I.. . x - D -. ,. 
' .. , . 

. - where: x _= intermediate cylinder dia in inches 
.... ·~ . . 

.· .. _ The three cylinder dia are now established: , 

~trospection . 
··· The way -of life. of a society depends upon its ability to provid'! 

power sufficient to suppo.rt its needs; this is particularly per-
~··~ -tinent today. - . . . 
~ " . c ' ~king back, the. triple expansion engine fulfillecl the needs . 

of the society that produced it. Indeed 'the triple' became a 
way of life in itself. For example, take the bulk transportation 

· of goods and materials by sea in the 'thitties. Cargo and tramp 
steamers engined, mainly. by the up and downer, travelled at a 

. steady 10 to 11 -knots and the commercial markets of the world 
. ......-<..·e geared to tbe speed these ves~els were able to maintain. 

· ~ _d consumption varies a.s the square 6f the speed for any 
-. distance-, so it was possible to-- propel · a relatively large tramp 

·steamer, full of cargo, at 10 knots for a reasonable consumption 
of fueL It was a 10-knot world that suited -the pace of society. 

Present-day society makes speed demands upon sea transport 
-in .the order of 20 knots and· above, with _the attendant large 
increase in fuel consumption. · 

·:. Rebirth via modern technology 7 . . ··- . · · 
__ .. _. As a _dh'ect result ·of closing the Suez canal in 1956 ~igo- · ·" 
.::/;ciirrying capacity h~ increasi'a dramaticl,iJly so that stUps o~ :·G. f 'T~~man· ~Eng FIMa(£ M~nitfer; is Cftief·E1gine~~ --o{lh~ _· , - - ~ 

~",;_~·, ~;c~00-00? ,ton 4,e~~1ght are no~ ~rnn,wt;tpl~ce~ _ . , ·. . . . ·: , ·'"".., !i'ilsi -_Hertfoldshife Main ·oral(1age Authority. He,,·receiv8Jl- his .... ,_-: ~ · 
''c<~:,. ~rmg tl1ts .P.er:Jqd, . deve~opm~nt 'Of:jhe ttrp1e -:e~pansl01l ., · ttJr'ffnlc~l 8,ducatfon-at Waltan · rechnlc.at -colleg~ Llvetpool11i'1d"~- . ; .• ;2. __ ...•• 

'i, \ ,eniine lias been_}l~~ted ; ~ ~ fuU:-w~gltr of· efltine. ~ &:p~ __ 111 ':.'71~ 'if h.¥ of Litl.erjioot.Coflege ·of. 'rectmof()gy . . Alief's. ffve~yel!_;. '· ;!:--~':•: '_.. 
·I +~,'::.~. becn:~colieentrated hi tQ.e-d:!eseJ . and :-steam turbiri~ ft'beml-. Jndentiired ·Muinetiring- · apprenti~tWJip ·. #t Cammell · Lairtf . &::_ Co . · c< c .... 

•::.'-7 thought.:..;;.pnwisely :in _my • OJ)inion~tnat the ltipJe ;wa8~ not ·. Soipbiiilders: Mserved eight ye~rs ·as -an Engineer Officer~iiJ.the . c,,.·;. ~~ 
3S·" ~pable'off~ther -df~yelopmen~~: :But toe!PY, the nee~ of ~ocktr - _ Mer-r:IJJlfl.t {1/avv_. He wr~tes_-wf!b ~rs~~h~nd k~ow~t/fl~ of,/h~ J!iP/iJ: .: . ·:~~. ~, 
; ,c :La.re qndergo~ntr. yet anotlJ.er change respJtmg from the energy , expansion, engm~, havmg ~o'.lif. wi{J~ .SePI{t;e cxpel/f!fJ.C.B.J!!}lQt/1. ·. : ,,:",~ ,~.,: 
:? : ·Crisis. Sur.ely in the light' of present-day, enkineering technology--, c ·stee,.ff!CiptOCatmg Bf!d l!.frbm.e-engtn~d v~ssef7 P!l_ lea_vlng :;the . <::"~- ; ' . 
{. -··: • • -- - ', -.. ~ •.. ·- • · '> -,, __ , . · ·- - ' · MN in 1950 fle ·w.orked fffsUn the p_gwer -englneeringJiq/dttrnl - •< ---~· 
(- :/~t.J:e ~e ~s t1gb~~to- con.~tde~ - w_hetherJu;ther d~t:lopm.ent at' _-011u8t irrJJ.orr imgineeiing an!l d_ieilgirig:·.#e topk :Up -hK-#!~L·k.~~T~1.-;/f 
":"c:c Abe 1npl~}~~anstc;m- en.gme. ~ ,now P?SSibJe. ~ t ~<:uld np~ . be · ._ appiiintlt_umt. in _ 1969, .-whfJre. his_inter,t!# -is- c.onCJmt.d wltht t!W:<-0: ;:;-·,::;;:, ,~ 
~· ,,. !he fjrst :time th,at an. early'· baslf'atly soun<l; engmeermg oo~pt ' :: ·re-cyc1Jng it~- w.iSte- produe($ and tl)e :e-xploitation. ·i:ff·'t!J~-·:JtJI!l:~-~:--\· -·-:.:~_s 
::.~· •. ~had ~.-r~urrected ·to meeCnew-foi:md needs; 1he Stidin_g. · energy"..ctmcept." · . . ,: _-.'~.: -" - · · :· :;:._;,,~;0~1·_: :":c: .. ?j 
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