
F m p l s i c n  is for-dlp defirre:! as t k e  ec t  of proptKtiw;:..- 
I 
I 
I -'J' a WV. Bs rn a1terr.eti-x d e f i r 2 t i ~ n  f ~ r  the s p t e n s  oriented 

, ' 
I 2 ergi reer  or s c i e n t i s t ,  prop;lsicz L s  t h e  appllcatlon of th. 

b ~ s i ~  sciences t c  gecerste ,  assess, 4 e s t i m t e  the effoct.5vt- 

ress of t he  zetkods t o  ac%ere :cr . t rcl l t i  notion of a rehlde, 

Cr.e ice t k s t  t h e  r 2 t I c r .  iz ttc rcs-l l t  of 5 z ~ n  ir.temntion, 

c;t f r e e  f ~ i l  o r  driftir.g, 

F x ~ . 2 s i c ~ ,  c:zsi3eriz,; t>.e dte,-z'cfue defk3tlon, hea 

o,prctfon of the dedces, tc cr,-&!2=e I2cr-atfcn ?%bout ths 

b e t  of d e t z i l s  vk2ct t k e  ~ ~ c t f c i ~ g  _c~'?;.llslcn englneer 

c s t  > s ~ e  a t  c a l l ,  or  to ~ r e s e z t  t k ~ s e  ~~~~~~~t data a c h  

C e ve?Lclc. .he objective &re is *k i r e s e z t  s_Fsten data. 

A gererel d y s i s  of the FCi.er F ~ E Z ~  system doea net 

3 ~ ~ 2 s  t c  ke  t 9 2 e  f o r  etch tjpe of vehicle.  T h e  w o r t &  

v ~ 2 c l e  ~erftrzsice p c e t e r a  :~-T?;er;ced by power plant 

D ~ S L ~  cper~ t i sz ,  tj; C t i t d e ,  h; &zd the  rlssion velocity 

o r  cki;.scteristlc ve;odty oI t'te vehic le ,  A v , 



In p z e , - d  tk ~ek2: le  . x r f c r z ~ ~ e  iAxressss d t h  decrease 

i~ ~ e c i 2 c  ?<el e:c~-tic-,, L-EC ccef f i c z e ~ t ,  a d  veblC1. 

velodty,  I=>@ -xrfcr&ee izs=uases d t h  increases in t b  

p k e l l e r  or tr=s-<ssion e Z l c i e x ? , ? ,  a d  the ratlo of 

the Ilft ccefficlezt t c  ~ Z C E  c:efficiest, CVCD. u5.ng 

'L' lo&-& (-' bq-?cfT:c ,?-'re= of t!x w?3de,  ?/k, aaJ 
9' 

i ~ c r c s s e  c,- 2ecreese t f ;c  ;erI:rrmce d e p a z g  t,"u,n bA5t l a  

b ? ~ ~ t e d .  

L'3 I ~ C I S S .  

- 
:cr t e z e c t r i d  ~ e y c l e s  t k e  cb~?+-e in ~"CSS w i g h t s  

of t k  c e e c l e  t , r s t c  ~ " g  i lsp2 to est&t..Ua?i th I e z t o r s  ~ M c h  

coatrol th ~ Z S E ~ C ~  s?ste= ;ifrfe~,azce ( ~ e t ,  1). basic 

rclat5czst-i;~ &-e f c r  t2e ~Etld rate of cbhzg- c I  tb -68 

P = kdce k s - e ~ w r  fcr  a g v e n  aped V. 

. . , = Cress ;~'gkt = l i f t  ?qIace=er i t  

- .=-.-- lrr L~LC~C:C ).:e& o -,-A ..., its. of Piri/bQ IT. - 



20- I?. Boden 
S - p t e n  Ehglntering 

The &eg oT autczet?ve sx3 rail rehiclcs on level mad* 

the 

to t?r (re%cls Qs?e redstance is a factor on 

g a ~ s t i c k s  fcr  t2e ~ l a c t  s~,cte=s arc CesZrd.  3s 

'h?iec t k e  of 2ie; c ~ ~ e c ?  is l e s s  tha 5 percent of 

t h e  tom vekicle weight, 

.. 1; :P tf.e e f f i c i c c y  0-0 t t e  t r ~ ~ s s ~ o n  spder, "I 



i r & i  Pxl, K2 is the d q  bright  of th reEd@, 4 38 

xlliq res ls t rsce ,  lbbb.  g o s s  w i g h t ,  & is a h  resisb~~X8, 

lb* 5n./ft. 

Z?X = s i ~ t ~ e  factors for each, sxle of rrll cars (Ref, 

- *- 
'li - . b ~ .  cf a x l e s  of i ' t h  C U ;  

F c x s ; r e r  Cars 0.03 0.0013d 

Y~*%or C a r s  0. Q O0CX)2C 

?,e &eg, 3, of a c o ~ l e t e  train i8 

in ~ 3 c k  t t a  s - . c t i o a  is d e  ocEr all of the c=s of tbs 

t r d n  frcuz t k e  Iccowtive  t o  the c&mose. 



Y 5 s  Zrst two t e r ~  of t he  drq, a, uc obtained 

e y f r l c r U y  coasting and dpmaze te r  t e s t s  on standard 

e ~ d p s t  a d  are d m s t  ecatirely frcs ?ourrid h-iction. 

oslxes cf tte c c e f f i c i e ~ t s  us& in Table I are for m n d  

te;ers>sce. 3 e  tEn5 tern is frcz friction and 

o t k r  I . r c ta rs  ;ro,prticnal +to ~ e e 2 .  2 e  Last term is from 

Y ~ S : S C ~ .  The ~efficiert, Ci, c 9 i n  tte l a s t  tern 

<L-..- 2 xa -,a: e: C 

,,,,, ,, , ,,,e3 L,c cse t h e  ,otte:: ecef l$des t s  vken st-ng 

s ~ = E ~ ~ s E - :  trdzs, for e x e z l e ,  t j e  Secc~'1-electric & r e a ~ -  

LZP~S S C ~  as t!x Sarta Te Sqer C>Ae.fm 

r c g e ,  or C i s t a c c e  t k e  rail trdn dl.I travel on 

tez,-rst, l e r e l  track mder  Its obm peer ZS 

in -&c> 31 Z s  the 2rcg of t k e  t r d z  Z L 1 y  I=?& d t h  fbel, 

az3 D2 2s tke drq of ttie t r d n  a?.- cskg t3e hnl 

t r eve i  t k e  Ci,s*cscce, C d l e s ,  y z ~ c  tk re t io  of Fuel used 

in v 5 c S  v, L is t h e  veight in ~ C L Z  ~f ?-el b1;3ed In t r a v e m  

t?z C s t ~ ~ l c e  X !zIlea, 

\,,--.- 7- 
-2---*2 .2--cm 

-c- r A -l-e ~;rc;-Lsisn $ye$= is _rr3ksSlj governed by =lorr 



~ ~ o b e r t  - If. W e n  
Systm Snl;ineerlng 
Propt?lsion, 1114-1 

6 

re iz>lcs  th,m ILTJ stf..e: rk-2cle propulsion system (3e.f.  2, 

5 ,  !To a t t e q t  i s  rs3e t:, geoerslize hers a.a accurate 

e s t h t e  of a s?--?'s ~ e r l ~ r a c e  is required it sbuld be mA. 

?p zst?xds gven in tk references. M y  a feu of the rshid. 

s?$.',ez varieKfes a-e i d e a t e d  beme 

.The ~ e r T ~ s z c  of a cc=?letsljr subxrged vessel IS 

h- ,, .z,ip the m a t  essilg cstizatei, The drag is a function 

Tk? p r f o l - m e  cf a s - z f x e  sf.:? is co=?llcated by t b  

~ 2 7 ~  r e d e x x e ,  triz, r;X ETA ? i t c h  of the  sXp, im3 vlnd 

C resist=:ce, -he po-.-er re;;rf,re-onts of  a Cis$ace=ent vessel  

2.2 r:-~c?Ly e s t i ~ s t ~ f  fr== tke ~ ~ ~ s l t y  cceffident, 
2/3 

(2<s.=1acezect) (Speed) 3 z - c t y  coefficirLt = ----A-- 

E H P  
C5 > 

---2 -, C q E ~ ~ J  -,,,,c,eat a i s - a  f;;l;:ti~c of t 5 e  C e s i ~  sped,  p ~ p o r t i c n s  

c: t k p  ~:rl_;, _ ~ p e z - : e q ~ ~ S  r r i - i s s ,  etc. It exf;i5fta a col;si&- 

e z ;  ~d:e,  r ~ 5 x  f x z  373-jS3 f o r  s?n&e screl; vessels ,  

;-A f== 352-33 fsr J C ~ S W  shL=s. ?.e3e?i'Aty is a 

:=ctsr :3 E s7cde=, ~"n e i r c rd t ,  ?dJnction of 

-.-sl;x ;.er klrse;a..ier is scc.=szlis'zed t3 izicressed power 

.. ,1s$ ~ e e . 3 ~  S.2: is t j ~  lovered.pmpller  e f f i c ienc ies  



f .  e r t  Ha b?en 

S ~ s t e x  E.ng%weriq 

,-q-it.sion, 1114-1 

7 

- .h y r % r a e s  of ? , ~ 5 ~ f o i l  srd vessels k<t'.t'i ~ I s J i n g  

sa= rdekles t?m iEs;laceark ressels  ard -&-o so'. c o n s l d d  

p e r  OI :ke TEXC:~, 22, a .& tb ~ S S  ra t io ,  * i / d 2  w 

p r q e l l e r  e f 2 c t e s y  is a t -s t isn of the paz-sz.l.rr, v&, 

i~ ~ ~ 2 ~ 3  7 is t h e  2ig.Llt  q - 3 ,  f l  IS the pro;e12er efficfencp 

3 2s 7 ; e Z e r  E s e t e r  (?.ef. 1,7) 

"e rt:c c: ~23 of LY &-cr2t zt sea i u r i  c?e.tds 



Robert Ha Boden 

Systezi Ens3neering 
i'mpul sion, I1I-c-l 

8 

In t e rzs  3: t h ?  e; .Lrsl~nt  zsrr,?;lme , ~ m ,  3, tb f l a t  p l a b  

f r ~ c t s l  c t s  3f t h e  2ircrCt an3 t h e  s=.i(:ilic pb.er P/V, 

i n c i e ~ s e s  L-I~> see2 esl te .25  t o  r e k c e  t k e  effect of tbs 

is :',eterz2:e4 f r x  a s t ~ e ; ~  etl;q:-.eric C e ~ ~ i t y  table 

f 3 = ~s me? h n J i t ,  

P = ~ t : i y d e  hait, 

7 '? '  = T;i-;st 'tIP Avdlsble a t  Altit.de 

C .hJs r a t i o  sf,rLi F.e 9s ler,-e as ~ s s t 3 l e  f c r  at i tude  perfor- 
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S o h r t  H. W e n  
Spstex Zngineering 

F'rc~ulslon, II1-C-1 
10 

The rate of clk& of a ? e t  drcrsft  depends q w n t h a  

*L-..&,+ -., - b o - ~ ~ i g h t  + r-Eti0 of t k  &rcrs-"t, its d r  & S p C d  and th 

1%: t to drsg ra t io ,  

T5e demity rat52 fro= ~ f . L c h  tk* c e i l i q  of jet elrcra.!! can 

be obtained frcz s t d ~ r 2  at-;,chere tables is 

- r s t i o  fcr the slrplm* 

3 e  r q - e  of tk :et sl,7193e c m  k5e e s t k 3 t e 3  f m m  an 

a;;xzck sif l= to t k s t  C S ~  t ? r e p e t .  E m r ,  tbs 

s=.fcif'c fuel c c n b q t i s 3  1s t k e  ret i0 of th fuel  rat. pet 

15 ,  9x1 - vc - 
(1b. of thmst) hr. 

P'-- q .-,, ratio 6h9123 be BS ; ~ g e  8s  ;cssl5le for d t i k 3 e  perforc 



t 
the spcEic ,%el cozis~qtion, vf, k c o z e s  t!x V ~ C ~ E C  ?ro- 

pellant consuqqtfan, th t o t d  pro?ellaat f lcv,  lb. of Pael 

a33 oedizer ,  ?er Ib, t h s t  per bm. The ~ e c i f i c  p r o w -  

- l m t  c o c s u q t i o n  eqressed in t b e  u i t s  of lb. a d  b ~ s ,  is 

- accords. : r e~ :eJ l y  tfse air S - X C ~ ~ ~ C  **21c is ~4 b 

essessing tke ;erfcr=anee o r  i e t  e q l z e s .  T X s  is Erect* 

rehtei to tke  s.pc1fic L-se b5e3 q a n  t o t d  pro,-Fellant 

~Z&~icant rcle are the  cnizing ,c;;eed b+LcC 3s e&&Usbed 

by tb =st efficient operattm oi t h e  ~0b-r plmt d pwpUer, 

t!z hfgk  pee? r+2c'. v=ies es t 3 e  cuke roo t  ot tb ,-lc 

power of the -;et.Lcle, t k  r+ed r q e  L"f",c",so ve,<es a 

t,% c-&e root c I  t S e  s;?ec:fic mi t h e  e 2 - z - e  s?ch 



Robert H. W e n  

Systez SglaeeFing 

b?*Li,clon, 1114-1 

12 

is tke rstfa cf tSs r s i ,  3, to  t he  arersge fEg?zt  s p e d ,  V. 

SFXSS E Z C T S  

3 x k e t  ;u;.~-rr: ~ e F 2 c l e s  ader Jtezdy mtion o h y  tb 

S- b ~ i c  1p.m of =ti03 as  do ~~b=ertdbles d &TTL!X 

( 3  . Ti & L e d  forces actlcg L- t?x rocket M, 

the se.-~z<c a d  ~ f ~ t h . 1  forcer ,  g -~s r i t a t i o r?s l  f0mt8, 

cecte,h+-!! ~ C X ~ C  1-2 CS*O:~S forces.  2 e s e  f o x e s  v q  

g - e z t l r  in = y z t . d e ,  ?e-p;tiin,- q ; n  tke ~ X e - l  e~r'xr=aaad 

cr -->,=,A cc->tl:zs. TL- -.---- reY2cle ' r " e r e ~ t l y  k i s  very Egfi 

ter- d c L s e  q z e i s  v '=etkr  i t  is es &c,c~?%; Jlssile, 

~ro:ect i le ,  q s t e  E?:: 5r s a t e l l i t e .  t t c  p15Dd of 

o.pratisz, o r  ~L-RAZ t i r a ,  o I  t 3 e  p;er ,nlct, the =tion 

.- i s  d.rsI-tc. 232e ~Ecl lakles  ~LC:'~%G cc=ti.ol Zoms ,  

st~5Xtp, lift c=efIiciezt, L-9 c e f  f : c l a e ,  altitut., 

- .  f l i g k t  F_'-z-e, z - = Q -  tisc, t b s t  Ie'iel m2 t t te  e-"^5=3t, 

- - . - dA 4 c erezt Zsr ezc3 ve'Zde, no 

g e 2 r r l  s~>~ Is~  be glven. 



Roeert H. W e n  

System 3gIneerFog 
.%pulslan, 1XX-E-1 . 

U 

t, = tl;se of e d  of b e ,  80% 
2 

A = e;- .vdect f i a t  plate cross sec+don o,E vehicle, ft. 



- * --,-.-*- - - A -  . . * * * -+a -I ,--.. -, .-, ,,.-, ,- .-.. -,t ezera-, 5-e., t k t  -;etfcle coasts ts i%s ceiling. 

* - t2 ----- ,,,--, --- r a t i o  cf t k e  ve'Ecle  p e s t e r  tkz- crzty, C p r ~ t f c n  or the 
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The range of variation for the3 ?tcr 23 
- - d 

- _ + -  -- - ---- 
/ 

. .. - CI ~ r t  t 2  &-:r ~ r e ~ l f i ~  ?C;YTS i~ ttr :~g:::r:'.>C\.3 CI L V  j t 5  k. / lb .  

Ar ttt . s: tcif:c =<re ir .crehses t t c  %:=st-t z--:-~ght t s t ~ o s  

L C "  ---;:c& 
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';hr t%st s d  ,~e<r'ic i?--~Sse cf l ~ + t ? ~ r ~ ~ t  ~ c h t s ;  require 

2='m===w 
t o  s c Z c r e  tbc '=st ~ a ~ l o s t  sr.5 s3crtest El:gkt tl-e. 

(ki, I& 15) - . zccr-se t t e  j r q e l l c t  2ci .  r;tc varies r s  I ~ ~ ~ ,  a rass 

.=- 
-LC;  T ~ ~ s ~ ~ : z  of I?? 1s rcqzrcd.r;h-;tn t>e S - X C ~ ~ ? C  i ' 2 ~ e  verZt8 by 8 



s t t e r  s;eci&li;s2 syste-s k c t  they  zre  i I t t l e  :se2 because cf lou 

efSlcieczy, c c ~ l e x i t y ,  etc. 2 e  d e t d l s  =f tke sgcter-s Ere S f f o r e s t  s 

- ..- ,--a -:., 7 .  - s sf t ke  C-not cycle. 

(c)  l i cC2  fcel (Xezel 5 e l )  - ~ Z E E C - s  s e i i z e r ,  (dr), 



Thf trzire horse power; 



-- P P ~  

- - z ~ t  : ?e r sc l  ef f  icfezcy .-.eA.:tf?~ efficiezc? = - - 
- - x I:? -xrceat (27) C r  ztc.3zrc2 ~ f f i c i e ~ c p  

- ,L+ dr S;=~L-: Effcefer;c7 fs *;-,-- ,. tA .A eff:c:ec:? ir: ;.2.-2c'L, the 



of t t e  ecgze  ccplln2cr t c  the - I r . i= r~ .  f is t h e  m.rei: specific 

E g h  t h r rd  effic:ency. -. ' 

c2z;ressf ;z f E ~ 2 t i 3 ~  E Z ~ L C C S  because cf I' ,ce tec3ercy 



. . *..- 
L- c -  ->e ~ 1 -  =EL: ef Zezt  ire ;ress7ze. :YE 2rc.i~ k : r s e - ~ ~ ~ e r ,  zr--, cm. be 

= e ~ s - ~ e 3  Z r s c t l ;  cz c tcrsce 2.cl.zzcr,~ter. F e  t.rr;ie X E T :  effective 

;ressrt-c I s  crlc=L;ste?i :roo it, 

c- . 
--YE 1zYczte5 =err.  effective ;resz-L"f sF2ck r:ros a closer = a m  







-..-<-- - -. . ,,', s t r e s s e s  t ? ~  ,-,es~, ezc:-',re 5 s  s'~?strr.:icllp : rc~vier  t f z  tke 

- .  - - can t.s 
gzs:,::.~ E.ZT::R E'T' ;t:; h 5-.-E: EL- ::z~.:r:f z: r ,  ss 2csirzkl? 'cec&xrc 

7 : ;  - D  *> e..-- . . - -  -..+ --=I 2: >---LE= 2: :?I 11-- -0.~1 c;;5 5: :?~t t t e  f-Ll c a l o r i f i c  



. . 
2 )  tbc  - .,.,,,, - ----- ,h,e; c=.c-.:--;t:ct, - 3 c 8  occcrs s t  t>e f d a t e d  



. - 
29 -3t2 $2 ?Z -1 T E ~ L Z % ~ C T -  2f t k  >..FL-:~Fz S'LFTI~ do- 

. . --- =a t t e  rtacYz:~-~:ric r:?:*:-e r e t i n .  ~:AYL~L-F ;Zbvr units fOT 
kt- 

s,t:c \-e>Lc:es E X  :-:,-er*,l~ ;=:; ,75~2 U ~ L C ?  rst crt;-:,;cdc cxFgen an3 



rt:i;r~;8:ir.g ezy:r.ts L-e _c.=rZ=e2 ki =:.ece.-ezce 2 p.22 ' Izklo 21: fr>= 

Ref, 17, 
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