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-Tests were made in the Langley %foot -  high-speed tunnel to 
investigate tha aerodynamio c ~ a c t e r i s t i c s  of the D-558-1 airphne 
m d  various wing and t a i l  configurations on the D-59-1 fuselage. 
T k  various w h g  and t@il ccmfigurations .were 'cested to detsrmiae the 
aeroaynamio effects of aspoct r a t i o  and sueep far suitable use on 
tho seoond phase of' the D-55e project  (D-556-2). Ths t e s t s  were 
conduated through a speed range frm a Xech number of 0.m to 
approximately 0.94. -%is F F ~ -  -of t h e  investigation ino-hdea the . .. I - . 
1st- anh-dmg- re~s--ttqsr-flhble--for - the--confi-@rationa t c s t e d . e  - 
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~ - " 

" - 

The D-558-1 results indios&d that the  lift farue break xould 
ocour at a Mack number of 0.85 with  some reduction in lift at speeds  
above this Mach number. Tests indicated that the airplane will Pave 
satisfactory lift and drag characteristius up t o  and iccluding i t s  
design Maoh number of 0.85. 

The 35' s ~ e p b h c k ,  35'sR-ept-fmard, ar_d low-aspect-ratio (2.0) 
wing configurations a l l  showed  pror;ou&ced ilrrprovements in maintainin& 
lift throughout the Each n u m b e r  range tested and in inoreasing the 
c r i t i c a l  speeds above the D-556-1 - h e '  t~ &it ica l  Y f o h  numbers 
on the order of 3.9. lnsofar as lift and drug chmncter is t ics  are 
omaerned level f l i g h t  at speeds a p ~ r o s c h i n g  the velocity of sound 
appears practioal if swept or low-aspeatratfo configurations similar 
to those t e s b d  are  used. 

In order t o  ohtain let%l-f light data through the transonic speed 
range, a series of high-sped re.searoh airplanes is being procured For 
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t h  M A  through the  aooperation of .the Bureau of Aeronautics, mVY 
Department. The Doughs Airoraf t  Corporation -&is undertaken the  
construction of these airplams and they w e  designated ool lec t ive ly  
by Douglas fircraft Corporation 8 8  thE, b-558 projeot.  Beoause o f  the 
u m v a i l a b i l i t y  of satisfaotory airplane power plants a t  the atart of 
the projeot, tke p ro jec t  was divjded i n t o  t w o  phases, phase I I s  an 
uirplane (¶I-5%-1) pmered solely by a t u r b o - j e t  unit and designed to 
fly at 6, maximum level f l i g h t  Emh number of 0.85, while Phase I1 
(5-556-2) is t o  be a rocket plus turbo-jet powered a i r a l ane  t o  
e x t e n d  the maximum speed i n  b r a 1  f l i g n t  t o  a Mach number grcsltur 
than 1.0. 

The final design of the D-(558-1 was frozen in July 1945 and it 
was thought; that wind-tunnel t e s t s  aC high %oh uumber8 of a model 
of D-5%-1 would be de airable  8 8  a guide for the p i l o t  during t e s t  
f l i g h t s  and to iz1m-e agains t  any oatastrophio ev.ents. As more 
and more confirmatory t e s t  dath (both Amerioan and German) ?xc%x? 
svn ikb le  on t h e  effects of vnrlaticm in  wing plan form, it WRQ 

decided t o  t e s t  various wing a d  tail configurations f o r  poss ib le  
use on the Phase I1 a i rp lane  since the design wss i n  the nebulous 
state .  

Aaoordi ly, te.Fts w e 1 6  ~ 4 5 3  in the Langley 8-fQOt high-speed 
tunnel on a $ a o a l e  model of' the D-55e-1 with no nose-inlot flow. 

T u s t s  ware tllso made an various wTng and tail oonfigurations for 
possible use on the 1)-558-2 airp1.m~. This report ,  p,reue!>ts 
those lift and drag r e s u l t s  f o r  which complete t a r e  oorrected data 
a m  maf.lable 
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frse-stream v e l o o i t y ,  feet p e r  wmm.d 

ZYea-strem.density, slugs per cubic foot 

free-stream veloaity of sound, feet per second 

lift, pounds 
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si wing area, square f e e t  ( See table IL) 

CL 

The D-558 investigat5an was’ conducfad i n  the  &gley %foot high- 
speed .tunnel which I s  a ein.gle-return c loesa- throa t  type. The maxi- 
mum Mach number was 0.94 for th is  investigation. 

Mode1 s u q o r t  system.- d stkng-strut’suvport s y s L m  d e s i s e d  f w  
the6e t e s t s  is shorn fn figure 1. The- s t ing  is a c m t k u a t i o g  of the 
rear of the made1 fuselage with provision fcr  &?ae;’-e-of-attack clsnge 
near the tail. The stinrg i s  comectsd to 8 ver-kical s trut  #hioh is 
rnomted (311 the tunriel-balance ring.. TkLc s t r u t  R Q ~  p z t  of tke s t h g  
are shielded fr.m the air stream by m8&.36 of t h o  fair598 sho~n. A 
liner t o  oons t r ic t  t he  f l o w  was installed.’in th throat of the ’tunnel, 
figure 1, i n  order t o  obtain the highest possible t e s t  Xach numbrs 
at the model l o m t i o n  f o r  this sting-strut - system. 

” 
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refer red  to as "original" whenever used i n  ooqjunotion with other 
proposed perts.  

A wir@"srslags f i l l e t  was designed by the NACA beoause inf'ormation 
. on the f f l i e t  de-reloped by Douglas Aircraft Corporation and GAYXIT 

x ~ 8  not available a t  the start of tkeso t e s t s ,  The KLCA f f l l e?  is 
charaotorized in general having a f la t  surface along the r o o t  chord 
and is uompared with *he Bwglne Pillet in figke 3 W i n g  the 
COUTBB of' t he  D-558-1 model investigation, the Douglas f i l l e t  wae 
tested, The lift and drag r e s u l t s  provsd t o  be so nearly the same 
a s  to be oonsldorsd  identioal t o  H U A  fi1I.e-k r e su l t s .  Therefore, 
even though t h e  data presented for the D-558-1 Eodel are w i t h  the 
NACA f i l l e t ,  they a r e  also  reFresentative of the Douglas f i l l e t .  

Additicmal riings, talls, and a ffn,  designed f o r  posejble  
use on the second airplane of the D-558 series, Sere made t o  be 
t e s t ed  on the  fuselage of the D-558-1 model. These plan forms were 
s e l e o b d  to obtain high fmroe-break Mach numbers on the h a i s  of 
information in moh references 8 8  1 t o  6 .  Tke parts inciuded a 35' 
swept-baok w i n g ,  tail, and fin; u 35* bWept-f'OrWard wing; and an unswept . , 
wing and -1 with an n s p o c t  ratio of 2.0. The aoqoaent parts  having 
BLL r ispeot rat ie  of 2,O wtll te o a n e d  "low a s p e c t  ratio." 

Table I is presented as an a i d  in dotoraining tho vELTious 
configurations. The geametry and dimensions of t h e  rrinzs ard ta i l s  
t es ted  are given i n  table 11. As will bs notedl the winp, secticm, 
arm, taper  r a t i o ,  dihedral, and location of the 25-peraent man 
acrodynamio ohord along the fuselage a m  the seme for the four winga 
test6d. The wept-back, m p D f a r n e d l  and o r f g i n n l  wh-fnga also had the 
same aspeot  ratio, span,and mean aerodynmlo b d .  The swept wings 
were deeigned by r o t s t i n g  the  50-perc~3t-chord line 350, and shapilzg 
t h e  tipe p a r a l l e l  ta the fuselage center l ine .  The seot i rm p r o f i l e a  
were perpendicular t o  the  50-perceEt-ahord line, hence the percent 
tkicknsse of tho swept wings in the stream direction 5 s  Qdaller than 
the peroent .thickness perpendiouk  t o  the 50-peroent-chord line o r  that 
of the unswept wings In the stream direotior;. Drawings of  the vsrlous' 
confignations a r e  shown i n  f igures  4, 5 ,  0 6. 

Determination of t a r e  for06sr- A r ; x i l i u g  m a  in t i i3  vertical 
plane-of the fuselage were used t o  suppart  the model for t h e  determi- 
nation of t h  t a r e  f o r m s 0  These t a r e   arm^ are ahm as dashed lines 
i n  figure 1. Tlm f o m a r d  part of each a m  WLB a 6-proent airfoil  swept 
baok 30a t o  minimize interference effects and premnt attainment of 
shoubwave disturbances. Ths relraining parts of the t0rd 8rme were 
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thin plates  extended b c k  t o  the s t r u t ,  Guy wires from the wing 
t i p s  were used on a l l  tare runs 80 that thc  systam r;ould be rigid 
when no e t ing  was used. Two tare  setups mre required t o  evxluate 
the tare forces and these are shown, w t t h  the method used t o  obtain 
corrected mopel  data, InJ figure 7. In tare-run -3, a short; afterbody 
was nsea a t  the t a i l  of ,the f'welage because the stingw@.s not used on 
t h i s  setup. As a result, .the correo-!!d dah are for the model wi th  
the afterbody.  Since  the m o d e l  t e s t s  did not siimlate nose-inlet f l o w  
o r  the exhausting j e t  a t  the rear of the 'fuselage, these data give 
r e s u l t s  wikhout these   e f fec ts .  A f l  drag data i n  t h i s  report are 
taro-corrected model data. The lift tzme sas f m n d  t o  ba m g l i g i b l e  
so no oorrections were applied.. 

Accuracy.- The l i f t  data are presented out t o .  a.Me.ch number of 
a b o u t ' w h e r e  cheking OCCUTS at the s t r u t .  The da ta  are  umffeoted 
by choke phenomena as the  strutn'aewell aft; of the mod81 and pressure 
measurements indicated no irr&gu&ities in .WB vefocity f i e l d  in 
the model. region. No oor roc t icns  for tUmel-waIl interference have 
.been applied t o  these data. At n hbch.~nml?er of 0.94, tha oalculated 
wall correat ion,  t o  the Maoh number and dyamic Freesure aocmding 
to referenoes 7 to Lo, would be abot1-k -2.9 percent at large angles of 

of 0.9 the  tunnebwall  correct ion would 1;2 about 1.5 percent for 

1 

- a t k o k  and about 1.9 pe'roent a t  m l l ' m g l e s .  A t  a &ch mmber 

, large angles of a t t a c k  and 1.0 percaht f o r  mall angles. 

Corrections t o  tke angle of rattack arise fram two sources and 
are a1gel;raicnlly addit iver ( 1) *om tunnal w a l l  and, (2) f r a m  
de f l ec t ion  of the model under load.:. The angle-of-atkaok tunel- 
wall correction i n  degrees a t  a Wch number of' 0.94, would be 9 per-! 
cent of the  l i f t  ooeffioient. . . .  

Incomplete  measurmente heve indicated  that   aerodma*ic I a d a  
caused a bendhg of the sting appreximtely. in proport ion t o  th' lift 
load involved. The max5mum average angle of  a t tack  increase % z ~ s  
approximately 0.7' a t  l i f t  cqeffioients 011 the order of 0.7p a t  
a h c h  number of O.gl4. However, a t  m a l l  mgles  of attaak  throughout 
the speed range t ea ted  the error beocmes ins igni f ioant ,  and it is in 
this reg ion  of small lift coef f ic iep ts  that most of' the informaticn 
i 6 do sired.  

Table I is a list of a l l '  the oanfiguratfions t e s t e d  with the 
f igure  number and data -presented for each c txf igwat ion .  The 
average Reynolds numbers b&sed on t3e. moan a e r o d y m i o  chord of the 
w i n g s  for this t o s t  are give3 in figmi? 8 aa a function of &oh nlmbcr. 



Figures 9 though  12 show the var i a t ion  of lZf% coeff ioient  ! 

with Maah number for various angles of attaak f o r  a l l  the -coafigu- 
ratfans t e s t e d .  A co~tparison of the var i a t ion  of l i f t  oaef f ic ien t  
with Mach number for.severa.1 complete  configurations and the  Ring 
of" reference 1 (asmct ratio = -9) i s  presented in figure 1.3. The 
resul te  of figure 13 a r e  for angles of a t tack  cor responding  to t w o  
values af law-speed l i f t  c o e f f i c i e n t  which were relectcd to rcpresont 
a high-speed ard a gradual pull-out condition. The slopes of the 
l i f t  curves dC 'a for several complote configurations are shown 
in figure a. %? e slopes f o r  eaoh Xach number o!ero found a t .  the two 
values of lift ooeffioient required f o r  l eve l  f l i g h t  at 8 8 8  level  
and 35,000 f e e t  a l t i t u d e  as shown in figure 15. The w h g  loading 
was assumed t o  be 9 .$ pounds per squsre foot ,  the design loading 
of the D-558-1 at the start of a high-speed f l i g h t  run. The angle 
of attack h r  a l i f t  coefficient of z e r o  is prcscnted fn figure 16 
far various oonfigurations. 

The variatfon of drag coeffioient w i t h  hkah number f a  presented 
i n  f igure 17 for smsral wing and t a i l  canfigurations. These 
configurations include the D-558-1 with and without the horizontal 
tail; the model w i t h  the original wing, low-aspeot-ratio tail, and 
o r i g i n a l  fin; and the c m p l e t e  wept-back model. Figure 18 
presents t he  dre.g r e s u l t s  in  polar f c m  CL versus CD for the 
omplete original (D-558-1) and t h e  complete swept-back bonfigurations. 
F'ram tho po la r  p lo ts ,  t he  drag ooeffiaients a t  lift coefficiaots of 0.1 
and O,4 were obtained and are shown in f i p a  19 0 8  a funotian of 
Maoh number. Data f r o m  reference 18ra a l s o  inulu&d for ocmnarison. 

' The variation of lif't-drag ratirr with lift aoefficient is 
s h m  fn figure 20 at  two Mach numbers f o r  t h e  D-556-1 und the complete 
mpt-back oonfiguration. Figure 21 presents the maximan lift-drag 
ratio as a func t ion  of BQach number. 

L i f t  

D-558-1.- The r e s u l t s  of l i f t  aeasurements on t h e  D-558-1 model L 

( f i g . . 9 ) f o a t e  a large improvement In the high-sped l i f t  ohfiracter- 
istios in  camparison w i t h  more cornentianal aircraft. !-t a levol- 
f l i g h t  l i f t  cosffioienk of 0.1, fcrr example, the  lift coefficient 
beglns t o  drop at a Mach number of 0.85. 6 3  this is the design # 

Maoh number, the impartant requirement of haring no force break ocour 
up t o  the design speed is satisfied. Follcwing the force break, the 
Lfft decreases t o  a Mazh nurcber of 0.91 and %hen fncreases  a l m o s t  ta - 1  

its pre-force break value a t  the hiqLest test Y&ch number, O.g!t. 
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The magnitude of this 1if.t; ‘loss .5s about 50 peroent smller than the 
loss with.t:le wing of reference 1, The W g  of refcrssce 1 had t 3 ~  
same thickness md a 0.1 greater desi62 lift ooelfioialt than the 
D-558-1 wing, but the aspeot ratio -6 9.0 SS comp.wed to 4.2 for 
the D-556-1. Tharefore, the ’~ncreasa in force-break Xaoh n u m k ~ r  
ao well as tho lessening in the s m e r i t y  of +Ire l i f t  loss a f t e r  
force break i s  pr inc ipa l ly  the result of lmr wfng.asFsc& r6 t io .  
Referenoe 2 rasults indicate sirLlar improvmants for the s u e  
m o u n t  of reduction i n  aspect ratic. 

The slope of the lift ourve dCdda of the D-558-1 a t  low 
speeds ahms good agreement w i t h  aspect-rat io  theory of reference 7. 7 . 
However, with inarease in Ikch nabs-= the aapoct-ra%io theory  gives 
slightly lowar ~a lues  of dCL/da. (%e f i g .  a,) The &st r e s u l t s  
indionte the incroaso i n  t b  s l o p  with Each nufber is s1m-w aud the 
reduotion followinR the force brzak i s  smaller thm f o r  the wing 
of reference 1. These variations with Idash number 2s ~ 1 1  a s  the 
delay in the ‘fncrease of the angle of zero 1LF-t ore due pr inc ipa l ly  
to the reduced aspeot ratio. 



Thus, it has been &m t h r t  by ohangee in wing plan form from 
that used 01 the D-558-1 the high-speed l i f t  oha rao te r i s t i o s  I;aw? been 
p e a t l y  improved. Therefore, it is reasonable t o  expect tkat the 
pitching-mment, which is depedent  09 thg wing r e t a in ing  i t s  l i f t ,  
p r c b B l y  w i l l .  ehm also some imprmmt through a Lkmh,numbsr of 0.9 
when low-aspeot-ratia o r  m e p t  wings aye used. 

Il-59-1.- The drag ooeff ic iont  begins t o  rise k t  a 2 m h  number 
of 0.- l i f t  caeff ioient  of 0.1. (See fig. 19.) This force- 
break Mach number 2s  higher  than that of tlny airplans mtdel orFtk an 
unmept wing which  previousl.y kas h e n  t e s ted .  In the study of the 
effects of aspeat ratio on the increase of thc E'ach T-ruaLber a t  v:hich 
the drag rises, reference 2, it i s  indiaated t h a t  a reduct ion I n  
a s p o t  ratio fo r  a 'Rfng alone not d y  incre2iE;es the value of Mach 
Ember at the  f o r m  break but a l s o  reduces the  rktc of diEa rise 
following th3 force break. In the t e s t s  of Vie 9-SC-1 the rats of 
drag increase i s  about t h  m m e  as w i t h  c o m n t i o n a l .  aircrafk. Tho 
effects of tail plan forms t s n t e d  on tho high-speed d r q  oharaoter- 
i a t i c s  of the-D-558-1 are nsgligibla 6 s  seen f'ram f i g u r e  17. 

V h g  antt.kail plar-rorm modification.- The 35' swei't -beck qing 
and tzr our- guration llas d grsst ly  delrpd drag force  k e & k  in 
canparison with t he  D-55P-I. (Sse f i g .  19.) A t  a l i f t  ooeffi .cisnt 
of 0.1, the force-break Wch nmkr is just discerniblo a t  % h e  highest 
Mach number tes ted ,  0'91. A t  hi$-er l i f t  oosf f ic i sn ta ,  9.4 far 
example, the drag forbe -break ocOurs within tlm t e s t  speed range, and 

rate of the  drag rise  after force break appedrs to be SraEilhr 
than for t h ~  D-553-1. The increase in f o r m  keak, at rj li'ft c w f -  
cient of 0.1, 4s about 55 .pergent of the irorease predzcted by the 

. 

UBB af the ;* theore t ica l  co r rac t i an  (A i s  the meepbaok angle . 

of' the wing). The fuselace and fuselag6 intezferenoe effects are  
the probable oause for the increase not checking tkLe t h o r y .  Howevcr, 
the delay obtaired is in awement with other t e a t  resulte. Reference 5 
shows . a n  increase in f o r m - b r e a k  Wzh number gafned by 35' of  mcep 
(e-percent  chord) of the same magnitude as attained i n  these t e s t e .  
In b6th cases, the a s ~ e c f  ratio wa6 he ld  constant  f a r  the unmept < 

and m p t  wings, 
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&oh numbers between 0.gZ md 1.0 (the d e s i p  speed for  the D-555-21, 
some rise in drag coeffioient will prokb13- O C C U ~ ~  but it is n o t  
h o r n  f rom these tesi;s how semra this rise ~5.11 Le. 

Lift-Drag Ratio 

h sizeable reduction in l ift-drag r s t i o  for the D-558-1 i s  
f n d i c a b d  at the design lift oosfficient (ofi the crder of 0. I) f rom 
low speeds ~p 'GO the design Mach nurahz of 0.85. (See fig. 20.) 
The I,/D w l u s  is approximetely ,!@ percent less a t  a Mach number 
of 0.85 than the value of 4.3 at &.&.ah number of 0.40. At a 
Mhch number of 0.90 the L/D V R ~ U ~  ifl about '70 percent less than at 
a Eloh n m b r  of 0.40. Thus a l a rgo  thrust pmer i s  indioated far 
flight at  bbch numbers af 0.65 and above. The Eft-drag ra t io  Tor 
the svp5back conffguraticn at my lift c o e f f ' i c f ~ ~ t  re%!LbS &bout 
the same fo r  all' Each numbars through the highest speed t a s t c d .  A 
much higher Kach nmber rill thus bs possible w f t h  these o o n f i g w s t i o n s  
than for the  D-558-1 f'rm the standpaiht of Daw& rLquira.3. 

Tha naxirmun lift-drag r a t i o  for t h e  D-E;58-1,- figme 21, is 
about 12 up to a Mach number .of f3*y5a At this point the nIue 
hgFns decreasing to 6.5 at a Eaoh smber of 0.85. The rnmfmum 
Iff t -drag r a t i o  for tfie wrrepWxck oogf igurs t ion  is . the sane value 
as the E-558-1 a t  low speeds. Kdsmmr, fn this case the value i s  
maintabod ou t  t o  a &oh n w b r  of 0,82 before a'smll rcduct ion 
occurs to a value of  10 a t  a Wch nLuabcr of 0.9. 

- .  

Concsluding Remarks 

On tite basis of Langley 8-foot high-speed tunnei tests of 
the  D-558-1 model through a &oh m b e r  of 0.94 f o r  l i f t . h d  0.91 
f o r  drag, the following  cancl~usio.ns ham been mads: ' 

1, Tke airplane will have satisfactory lift and drag oharaoter- 
is t ios  through its design Maah n m b r  of 0.85.. . 

2. The l i f t  force break OOOUTS a t  a Wch numker of 0.85 at 
a l i f t  coe f f i c i en t  of 0,1, with relatively small l o s s  following 
the force  break. At a Nach nmber o f  0.94, the 1if.k coef f ic ien t  is 
almost a t  its pre-force break value. 

3 .  The drag force break at a 1fFt coef f ic ien t  of 0.1 oscurs 
at a Each number of 0.82. 

4, The l i f t -d rag  ratio UD at h lift coefffcfent of (2.1 
is t!#l percent l ess  at the design k c h  nmbw of 0.65 than a t  a 
Maoh number of' 0.40. - 



5e The oomparatively high foroe-break Mach numbers resul t  
principally from the u6e of a wing whose aspeot ra t io  (&.2) ie 
lmer than thoce .in ourrent use. 

T e a t s  of various wing and 'ail.plan forms intended f o r  pcssible 
use on tho D-59-2 airplane have yieldei! the following: 

1. The 35' sweptiback oonfiguratian a o p a r s  to havc no pronounoed 
l i f t  or. drag f o r c e  b e a k  up to a =oh nmber of 0.91 at a lift 
c o e f f i o i m t  of 0.1. 

2. The 35O mept-kaok oonffgurat ian fndicn tes  no sizeable  change 
in VD for any l i f t  ooefffcienka throughout the Mach nmber range 
tested. 

t 
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D-558- X mode I 

Model with mgt-fmxard 
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and o r i g i - a 1  f in 

Mode1 rd th  low-aspect- 
ratio wing,  low- 
aspect-ratio tai-1, 
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0 e 4  to 0.94 

0.4 ko 0.94 
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Tat 1 man, in, 
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3.17 I 3'20 
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forward 
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4..0° 

-35O 
5 *?4 
3.23 
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Figure 7.- Tare setups and evaluation technique - 
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