
Vectored thrust has always been a controversia l issue . Industry is now looking ahead 
to Advanced, or supersonic Stovl. Wi ll the · UK and US Defence Ministries want it? 

T hree Royal Nnvy Sea Harriers line 
up· ro complete their display at an 

- air show. Noses poinced towards 
the crowd, they hover and pe rfo rm the 
Harrier's party- piece , a deep bow. "That's 
wonderful-very British," comment.s a 
spectator. 

The Pegas us engine conti nues Lo make 
the Harrier a narnra l show-stealer, one 
that is sti ll seen ns a Brhi sh triumph. But, 
as wi th most glamorous entities, Stovl 
(short take-off and vercica l landing) power 
is an evocative subjecr. It has ardent 
supporters and cl etracrors , both in th e 
1ndustry and in r.he military. Again st rhi s 
background, Advn nced Stovl wi ll be born. 

The controversy is bound to continue, 
bm it appears that: $Upport fo r a new­
generation AStuvl nircrafL might be stron­
ge r on r l1 C:: US side of the At lant ic. Britain 
&nd America may be working tog-et her 
now towards a co llcilJurative de\'e lopmen t 
of an aircra ft, bm will the drive-and the 
i11vestment-remai11 equa lly shared') 

The UK and Unirnd StaLes are both 
studying new concepLs in propulsion fo r 

Karen Walker reports. 
an AStovl aircraft. In 198:3 Nasa and the 
UK Ministry of Defence held a joint 
symposium to raise the issue of AStovl. 
They were able to ident ify four main types 
of propu lsion systems worthy of further 
investigation, and agreed to conduct their 
own, separate studies to assess each 
system's potential fully. 

Those four systems are: vectored thrust 
with plenum chamber burning (PCB), 
ejector augmented lift, re mote augmented 
lift system (Rais), and tandem fan. The 
study phase, funded by Nasa and the MoD 
and conducted by industry, will continue 
until the end of 1987 . It should result in 
the selection of one or two systems with 
Lhe most potential. The study resu lts will 
then be analysed by Nasa and MoD for 
them to form their ow n conclusions. But 
as Rolls-Royce , one of the industries 
involved, admits : "There are no guaran -

Above Front nozzle combustion applied to a 
Pegasus-rype uectored-lhrust engine is the most 
mature of the four Aduanced Stout concepts 

tees of what wi ll happen aL the end uf rh e 
study phase. l n the hist.o ry o[ Stov l Lhere 
has bee n lots of abo rtive work-especially 
in the USA". 

Enthusiasm from Lhe Uni ted Stntes, 
however , is marked, compared with 
Britain's coo l and cau tious nUitude. This 
would not worry Briti sh inclu suy tuo 
much so long as it ensure~ its own 
involvement in a ny resulrin g 
programmes-and a contract fo r the US 
Se rvic es alone would be lucrative by any 
standards. 

The US Marine Corps is one of' Stov l's 
loyal supporters. The sto ry is sti ll 
recounted of how, at a Farnboruugh Shu1\', 
the doorman at the Roll s -Royce ch[l lei 
walked in an d sa id: "There a rr, some 
Marines outside. They say they wnnr LLJ 

buy some Harri ers" . And so a deal was 
struck. The t a le may hm•1; s implified with 
the passing of years, but it illustrates the 
Marine Corps' unique posicion in the US 
Services-comparat ively small, but high ly 
regarded and with a repucation for doing 
its own th in g. 

FLIGHT 1 NTERNrl T/CJ.\'il L , :2iJ lJcccmlia I %G 

.. ,,, .......... '\ 



FLIGHT 

.'\ di •r111 cr'ci Sint•I /JOIN'rp /nnl options 

Slovl, Lhe rero re, es tablished a foothold 
in lhc 1j nil ecl S ta les v ia th e Marines. But 
AStovl might atlract eve n bigger pri zes . 
"Wi th all respect Lo lhe Marine Corps, we 
wou ld like to gi:i f'urt.her, " says Rolls­
n.o:-• r c. "Fn r insta nc e, ifwe won a contract 
with the US NaYy we wo uld be talking in 
term,; nf htw dr1;c\ s o r· aircraft, rather t han 
lhr Rova i Air Fo rce's le ns." 

J•;xac lly what _type of aircraft mi ght 
cl c·, elop from t.he propulsion studies is 
undefined . An\' ,,uch aircraft would not 
enter se rvice lie fore t he yea r 2000 , and it is 
co nsidered too early in the day t.o talk 
airframe types . But it wou ld be a single­
engined fi ghte r/ attack a ircra ft in the 
:15,000-40,000lb- 1.hrust range t hat would, 
presu mably. inco rpo rate stealth charac­
teri ~t.ic~. 

Of Lh c fou i• Slovl co ncepts, PCB is the 
mos t. mnl.ure. and could be rega rded as a 
sup er~o ni c so n of Pegasus. Fuel is burned 
in th e plenum chambe r, suppl yi ng engi ne 
bypass a ir to the front nozzles of a 
Pegasus-type turbofan. A 100 per cent 
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Vectored thrust 

Ejector lift 

thrust increase can be achieved for verti­
cal take-off and landing, and superson ic 
speed. Au gmenta t ion is available at all 
nozzle angles, giving good short take -off 
perform·ance. 

But the PCB system has its drawbacks. 
It requires hot a ir to wash over the 
airframe and weapons from the nozzles , 
a nd there is a clanger of engine 
performance being affected if the hot air 
from the front nozzles enters the engin e 
intake. The system is also noisy. 

With a Rais engine bypass air is ducted 
forward through the fuselage to a remote 
combustion system, and is exhausted 
downwards to provide lift thrust and a 
means of balan cing defl ected core-engine 
thrust. In wingborne flight bypass air is 
ducted aft to a separate nozzle and 
reheated for supersonic flight, or mixed 
with core engine airflow and then burned. 
Ducts are incorporated in the Rais design 
to allow air to be moved in opposing direc­
tions through the fuselage. 

In the ejector lift system bypass air is 
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ducted t o chordwise verti ca l ducts in the 
wi ng roots and exhausted through mul­
tiple no zzles . This entrains a large volume 
of ambient air t.o produce a larger, slower­
moving air mass t h rough the duct, 
increasing lift t hrust. Up to 70 per cen t 
augmentation is possible without reco urse 
to reheatin g the liypass air , and exhaust 
temperatures arr. therefo re low. 

Ejector li ft. has t.h e ad\·antage of being 
able to employ a co nventional engine 
design, but again t here are drawbacks. 
Ejecto rs are susceptible to damage, and 
also use up valuable wing space, reducing 
the amoun t of armaments that can be 
ca rried. 

In the tandem-fa n concept the core 
engine drives two widely separated fan 
stages vi a a single shaft. l n the t ransfe r 
duct between the front and rear fan stages 
there is a shut-o ff \'al ve, a dorsal auxiliary 
air ii1let, and a ventral ex haust nozzle. 

In wingborne !light the tandem-fan 
engine behaves like a conventional low­
bypass afterburning turbofan. In jetborne 
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Hybrid fan 

Tandem fa n 

Remote Augme nted Lift System (RALS} 
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T he four main l_l/X'., uf Adt•w1<:ed Stuu/ tui/1 be :;/uc/ied on both :;ides uf tlie Atlanfic 
:18 

flt~I• ~ -- ·· ~ , ... i- .... : .. . 1. . _ d · 01 1 vn l\'e 1.~ 

closed, di verting front fan fluw downwards 
th rough the ventra l burner nozzle. At rhe 
same ti n1e, the dorsal auxiliary inlet ope n~ 
to supply air to the aft fan and core engin e, 
to be exhausted through H vecLor ing 11 ozzle 
at the rear. With thi ., concc•pt, rhe n1r 
ava ilab le to the tandem-Ian engine in 
jetborn e fli ght is increased by up LO GU per 
cent, lowering ex haust t emperatures for a 
given thrnst. 

The hybrid -fan vectored thrust concept 
differs in t hat front fan t'low is di1·ened 'J.u 
Pegasus-type front nozzles, which ca 11 
then be augmented, PCFl-style. Th is 
variat ion improves rht" shun -wke-o /'J' 
perfo rmance of the 1. ,rnden' fan . While 
tandem fan is a complex sy:;tern, it doe;; 
have the advantage of' a variab ly cycled 
engine which can be readily optimised f'nr 
superso nic !'light. Other Mlvanlnges are 
low jet ternperaLures aL take-off nnrl lnn ct ­
ing, low fue l eun~u111ptio11 al l"w uircrnf t , 
speed, and high th rusL r~r uni t ut' t'n1n1nl 
area in high speed f'liglir. 

Studies of t.hese fo ur cu nccpts will r.,1ke 
place complete ly imlepende11lly 011 ~ac h 
side of the Atbnric, wi , Ii Uoll,,- i(G_;, cc, 
General Elec Lric, and P rnrt & \\'h irney 
each conducLin g thei r 011' 11 investignti,., ns. 

PraLt & \Vb itney has been awarded a 
th ree -year, $9-4 m1llio11 swdy contract by 
Nasa for its resea rch. The co mpany's 
ground -based study is iniri ,11\y evE.lu ,ning 
t he integration or an advnn ced dcriv:11 ive 
of r.he PW5000 en°ine 

Gene ral E lectric~ me~nwh ile, is wo rk in15 
under a fo u!'-yem, $G•li millio11 cu nt. rad I.O 
define and modify an 1-'I 10 Stov ! en;,ine. 
General E lectric's comrau i;, not yet :1 

direct part of t he l.:K/ US AStovl 
programme, but eleme nls of CE'~ research 
is expected to be gleaned tu become pa!'t of' 
the common technology effort: lmei' on. 
The GE comract is rur nn engine 1hat: will 
be used to si:udy che e_j1::ctor_! augmc-n te:· 
and remole.., augn;~nwd iii'r_ \Y~)e1r.~ ior 
supen;o111c Stovl. lest.111 ~ ui (,L ., eng in e, 
is due to start in 193d . 

Rolls-Royce is conv inced llrnt time is , i..i 

problem in developing A.3LL1vl. ''H ll'e had 
to do, we cou ld clo it in co nsiderab ly less 
time than we have bee n given ," poims OL,t 

a project manager. \Ve cuulcl do someth ing 
by the mid-1990s ii' necvs~ar-,·." 

T he' pacing factor ll'il i be· 1noney, :rnd 
the commitmen t ol Lhe U I-~ and L: S 
Defence Min ise ri es lo AStovl. Nc1sa and 
UK IVIoD officials will rn ee r re gu lm ly uver 
the next few years to a;st::ss Lhe progres~ of 
AStov l developmem, st reumli11ing the 
choices and then dec iding whether or nuc 
to give it a full-scal e go-ahead. 

Ro lls-Royce is wary or admiLlin g t hat 
either side is showing more inrerest at the 
mument-in fact, it admits t h,1L there is 
no offic ial interest f'rom eirher Defonce 
Ministry. ·"Bm there is a lot or imeresr 
being shown by Lh E research and clevelop­
menL peop le," Rolls-Royce puim s ouL. 
"They are in the same quandary as indus­
try at the moment, wondering what is 
going to happen . But it has to be remem­
bered t hac, from Lhe li rs c mee tin g- between 
Nasa and the UK 1\loD co the rime rh nL 
the first answers c1ppea r un paper, it will 
be fi ve years. We ca1111o t rtllol'.' rh c· 11·orid tc 
go by f'or fi ve years and not h,11·e s,rn1e­
th ing to show f'or it." ::I 
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