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SUMMARY

Data obtained fromofree flight tests on pointed cones having
semi-angles from 5 t0835 at Mach numbers from 2 to 5 and Reynolds
numbers up to 1.7 x 10° are correlated with simple theoretical
formulae., A detailed analysis of the ervors in the experimental
measurements is presented and from correlations of data having an
accuracy of * 10% or better, the following eon?luaions were made -
(a). For Reynolds numbers greater than 2 x 10/ the experimental
Stanton numbers exceed the theoretical conical values by about 11%,
(b). The effect of eome-angle on the correction factor applied to
flat plate theory to adjust it to conical flow conditions appears to
be quite random, the data falling around the normally recommended
value of 1.15. (o). The skin temperature, at least for fully
turbulent conditions, can be predicted to a high order of accuracy
by HilPs method in conjunction with Van Driest’s theory.

(d)s Reynolds analogy is well verified by the data and is found to
be independent of both Mach number and Reynolds number effects,

(e). Owing to poor presentation of the wall temperature data in most
of the reports the recovery factor data was found to be unreliable,

The following recommendations, based on the results of this
investigation, may be made with regard to any future free flight tests
on pointed cones:~

1) Owing fo the paucity of dats for Reynolds numbers higher than
2 x 10" jtests could profitably be designed to investigate this
region,

2) Some tests in the oone-semi angle range from 15o to 30. either
in free flight or wind tunnels would be of value in fi
assessing whether or not the correction factor, mentioned above,
is a function of cone semi-angle,

3) Every effort should be made to locate the transition point during
flight if reliable comparisons are to be made between theory
and experiment for turbulent flow,
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Introduction,

A number of reports presenting the results of free flight
tests to determine the aerodynamic heating characteristics of
pointed cones have been published in recent years. Generally,
these tests werec made for specific cone semi-angles and
trajectories. The present report correlates the available
free flight data for all the available test results and compares

it with the existing theories on aerodynamic heat transfer to
pointed cones.

Simple 'incompi'essible' and !compressible! correlations of
all the data arc first presented and, after a detail assessment
of the probable errors, in the experimental measurcments s points
having an accuracy of = 10% or less, are retained in the rest of
the analysis, In particular, the analysis has been aimed at
investigating the following topics:-

a) Prediction of heat~transfer rates (i.e, Stanton nunbers)
and wall temperatures,

b) Finding evidence in support of Reynold's analogy,

c) Temperaturc recovery factor values.

d) The effect of cone semi-angle on the heat transfer rate,
Owing to the small quantity of laminar flow data presented it

was decided to ocarry out an investigation of the turbulent flow
data only,

Section 2 gives details of the methods used to reduce and
present the data, and Scction 3 presents a discussion of the

results, The final conclusions of the investigation are noted
in Section /4,

Data reduction and presentation of results.

2,1. Data Reduction Programrme

Experimental data from free flight tests is normally
presented in the non-dimecnsional form of local Stanton
number or as a dimensioned heat flux, A data reduction
programme was written to reduce all the data to a common
form for the purposes of correlation, Variable specific
heat calculations werc made throughout and the Eckert
reference temperature was deduced from the reference
enthalpy given below (in the usual way),

L / . _
1 =1, 051, =4) +0.22 (4, 1w)

’ ¥-1 .2
with 4 =4, (1+--——,,3 M1)

and r = 0,89 (Turbulent flow conditions only have
been considered),

N,B. All Symbols are given in Appendix I,

f
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2.2 Presentation of Results.

(2) !'Incompressible' correlation (Nuy Rey)

Fig. 1 shows the corrclation of data from five
free flight tests in the 'incompressible! form of
Nu s Rog. The theoretical curves for incompressible
£18w derived in Appendix II are also shown on Fig, 1.

(v) Fig. 2 shows thc results from six free flight
tests correlated on an "intermodiate flow conditions"

* #® 2/3
basis in the form Sy (Pr )7~ vs. e!
corresponding theoretical curves derived in Appendix II
are also shown,

( o) Estimation of probable errors in the measured Stanton

numbers,

« 1t is shown in Appendix III that the errors in
St are related to thosc in S} as followst-

TS¥ 8. (o84)
5" %t

The function 0" Sy/S} derived from equation (3)
of Appendix II, is shown in Fig, 3 for the flight
data of Ref. 5, The values of 0° SY/S¢{ were evaluated,
as functions of the flight time, at onec station on
each of the cones analysed,

The rcsults for the chosen station were then
assuned to apply to the other measuring stations,
In Fig. 4, the results with less than 10% error in
S§ are pregented in the same form as Fig. 2. (The
error in P " is negligible)., The vertical lines
attached to each point on the plot :Lndieg.te tbe
probable range in which the parameter Sy
lies. The points for which the estimated probable
errors in S;* do not exceed 10% are retained
throughout the rest of the results presented, The
transitional points shown on Fig, 2 are also dropped
from Fig. 4 and later plots,

%
The estinated errors in Re (See Appendix III)
arc.such that they will not influence significantly
the corrclation presented in Fig. 4.

(d) Effect of basing e of Slatesse measured from
transition point,

Of the rcports analysed only Ref, 5 presented
data for the location of transition along the cone
surface, For this data it was therefore possible
to introduce a modified Reynolds number defined ass=

R = >
o(em)  BlL (xxp

as a basis for correlating the heat transfer
measurements in turbulent flow. Fig. 5 shows

the variation of t 2/3
Sy (P ) with Re ("""‘T)
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The effect of cone angle on the ratio of conical to

flat plate valucs of the heat-transfer coefficient,

A correction factor relating conical flow
conditions to those on a flat plate may be expressed
in the form

& (o4 U3
Sg (PI‘ )

cone

E =
flat plate

e s, 2/3
By finding the values of S, (P. ) o
with the flat-plate value of this parameter for the
same local flow conditions for one cone angle, the
experimental value of g was evaluated from

compared

n * p*) %3
K 1 \Sﬂ (st & (Pr) cone, exp.)m
n 7 w2
il St'(Pr)P?ate

(where n = no, of experimental points).

The arithmetic mean was used since the number of
points available for evaluating £ for each flight were
insufficient to jus*ify finding standard deviations by
the root mean square method,

Van Driest in Ref 12, has suggested that g should
be a constant independent of Mach number, Reynolds number
and cone angle (providing this is not too large). The
value of £ suggested is

g (2) V3 4.5,

The values of E derived from the results for six
flights using equation (1) are shown in Fig, 6 together
with the theoretical linc E= 1,15 as a function of the
cone semi-angle O,

Correlation of the parameter [Bt e, } with the intermediate
* ;] J
temperature ratio T / T ty

In Appendix II part 2, it is shown that the ratio of
compressible to incompressible Stanton numbers depends
essentially upon the ratio tt*“/T1 . The relation derived
in Appendix II is:~

="
S [% }- 0.66
Sti 1
The theoretical values of Sty wero derived from the

Prandtl-Schlicht incompressible skin friction coefficient
formula (Equation (7) of Appendix IT) and modified to
conical flow conditions using the factor 1.15, The
correlation of the rmatio (83 exp/St with 2‘1“‘/’21) is shown

in Fig, 7 together with a plot of the theoretical curve
glven by the equation quoted above.

e
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Correlation of the experimental results in thc form EW%
against local Mach number and well temperature ratio Tw/T9 .

In order to obtain the dependence of Stanton nunber
on Mach number the results derived from five free~flight
tests are plotted seperately in Figs. 8 (a) to (e) in the
forn,

(§.'§) exp s M
(st)4

(where St was found by the method described in the previous
Section) ™ Inspection of cquations (6), (8) and (9) in
Appendix II show that such a correlation is strongly
dependent upon the values of TW/T1 and, to a much lesser
extent, upon the value of the local Reynolds number Req.
Owing to the inevitable small variutions in Tw/Ty for

each experinental point, the results are presented in
ranges of Tw/Ty, each range having a scparate symbol as
shown in the figures,

The theoretical curves were derived from cquations
(4) and (8) of Appendix II and arec presented for the
maximun and mininum values of Tw/Ty encountercd during
flight and are based on the mean Reynolds number during
the tine necasurcments were made,

Reynolds Analogy Factor

As shown in Appendix IT part 3 , it is possible to
obtain estimates of Reynolds onalogy factor from
expcrimental measurcments of Stanton nunber, Figs 9 and
10 show the values of Reynolds analogy factor found from
six free flight tests as functions of Re and loecal Mach
nunber rgspectively, On both these plots the value
S = Pp %73 suggested by Colburn (Ref 13) are shown for the
purpose of comparison.

Recovery Factor Data,

As explained in Appendix IT part 4, it was not
possible to obtain rcliable estimates of the turbulent
temperature recovery factor from the flight tests
prescnted in Refs 2, 3 & 6, However, in secking for
trends of the recovery factor with local Mach nunber and
Reynolds number these results are presented in Figs M1
and 12 respectively, Ref, 7 also presents results for
recovery factor measurements on the NACA RM=10 missile
and these are more reliable than those Just mentioned,
These have also been presented on Figs, 11 and 12,
Various thcorctical values are also shown on Fg. 11
and extrapolated data from Ref, 9 on continuous flow
tunnels is shown for comparison on Fig, 12,

Wall temperature measurements

In order to assess Hill's method (Ref. 10) for
predicting the wall temperature of thermally thin skins
during flight, two specimen calculations of wall
temperature voriation based on Hill's method were nmade
for two extreme values of the cone semi-anzle, Hill's
equation is presented in Appendix II part 5, and the

g o L
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valuc of G was found for an average value of the wall
temperaturc over the tinmc range investigated, The heat
transfer cocfficicnts were evaluated from Van Driest's
theory (Rof. 11). The results for a typical fully
turbulent station on the cone tests reported in Refs, 2
and 6 are shown in Figs 13 and 14 respectively, The
radiation terms were not included in these ealculations,

3«  Discussion.

3e1e  Nusselt Number and Stanton Number Correlations.

Correlations on a Nusselt or Stanton number vs,.

Reynolds number basis arc shown in Figs, 1, 2, 4
and 5, The results shown on Fig. 1, which are on a
local flow conditions basis, show that the trend of the
experimental results follows that predicted by
incompressible flow theory.

If the results are corrccted for compressibility
effects using the Eckert reference temperature corzec%}gn
method, they can be re-plotted in the fom SF* (Pr')
vS. Re~e This plot is shown in Fig, 2 and it will be
seen, by comparison with Fig, 1, that the experimental
points are in nuch better agreement with the theoretical
curves. The results from Ref, 3 for 'inte;mediate'
Reynolds numbers greater than about 2 x 10/ lie well
above the theoretical predictions, However, since these
results arc derived from one particular flight a modification
of the theory in this region is not justifiable,

The results shown on Fig, 4, include all the points
shown on Fig, 2, for which the error in St* is cstinated
to be less than about 10%. (Sce section 2.2.c, and
Appendix III), Within this band of accuracy the results
(cxcluding those from Ref. 3) show no definite bias towards
either thecorctical curve prescnted., Even considering the
points with the smallest errors the distribution about the
two theorct%gal lines remains fairly ra9dom. The results
shown for Re" greater than about 2 x 10/ still lie well
above either theorctical line. Despite the fairly good
accuracy of these points as estimated on the assunptions
described in Appendix III, it is quite possible that they
may be in error due to an error peculiar to that flight
which is not accounted for in the general error analysis
presented in this report.

Considering the results shown in Figs, 1, 2 and 4, it
may be concluded that, the recommended curve for turbulent
heat-transfer to pointed cones will give a reliable estimate
of heat-transfer to pointe? cones at least up to local
Reynolds numbers of 5 x 10/, To confirm the recommended
curve for local Reynolds numbers greater than 5 x 107 would
require more cxperimental evidence than that currently
available from free flight tests,

b ‘J/j"; ’\f'\" 8 ,
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As previously described in Section 2,2.d, it was only
possible to invcstigate the influence of transition on the
corrclations for the results of Ref. 5. Comporing the
results shown with the corresponding oncs on Fig, 4, the
correlation is not significontly improved by the modification
of Re" dcseribed in scction 2,2,d. Points such as those
for Ref. 3. previously discussed, howcver, could well fall
on the theoretical curves when errrelated on the basis of
Fig. 5. It may be concluded from this that, if reliable
deductions are to be made frem frec flight measurements of
aerodynanic heating phenonena, more effort should be put
into providing a means of locating the transition point
during flight than appears to have been put into this
problem to date,

3e2¢ The effect of cone angle on the corrcction factor applied
to flat plate theory to cstimate conical flow values of

the Stanton numbcr,

Fig, 6 shows thc variation of the correction factor E»
defined in section 2,2,e., with conec semi-anglec O, Owing to
the randon distribution of the experimental values of

ot (Pr*)z/3 about the theoretical lincs discussed in the
preceeding scction and also to the relatively few cone
angles investigated, no definitc trend of £ with © is
found. This result points to the need for frce flight
tests to be carried out for a wider range of cone angles

than those hitherto tested,

3¢3s  Cormclation of the parancter (St) oxp./Syi with the intermediate

temperaturc ratio and Mach number.,

Fipg. 7 shows a correlation of the gxperimcntal results
in the form of (S¢) oxp/(51); against T /Ty, Within the
crror hands previously sclected for the analysis (Scetion
2.2,¢), the rcsults arree with the sinple thoorctical law
derived in Appendix II part 2, With the results correlated
in this manncr, it can be scen that, on average the simple
theory for conical flow conditions rgencrally overestinates
local Stanton number and hence, overcstimates the local heat-
transfer cocfficicnt,

Figs 8 (a) to (e) are an attenpt to show the cffeet of
local Mach number on the value of Stanton number, Owing to
the fact that the values of Tm/T1 in flight gencrally increase
with Mach number it is alumost impossible to present
experinental data for constant values of Tw/T4 as a function
of local Mach number, The plots show that the data is in
fair agreemcnt with the theorctical predictions of Mach
nunber cffects, '

3«4e Reynolds Analogy factor and recovery factors,

Fig. 9 shows theivariation of Reynolds analogy factor
with Reynolds number based on intermediate temperature
conditions nnd Fig, 10 shows the sanc factor as a function
of Mach nunber., The theoretical value of Reynolds analogy
factor based on a Prandtl number of 0,72 represents a good
mean through the data, In addition to this, it may be
concluded that Reynolds analogy factor for pointed cones
is independent of both Mach number and Reynolds number for
the range of these paraneters investigated,

CONFIDENTIAL
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Nothing nay be concluded fromn the part of the
investigation dealinz with the recovery fdctors, The
estinated recovery factors are shown as functions of the
local Mach nunber and Reynolds number in Figs, 11 and 12
respectively, Crudely, the data in Fig. 11 shows a
tendency for the rccovery factor to decrease with
increacsing loczl Mach nunber, as prcdicted by Tucker
and Maslen (Ref.0), but is by no means conclusive. The
rcasons for thcsc poor results for the rccovery foctor
arc dctailed in Appendix II part 4, Fig. 12 docs not
show any distinct evidence that the recovery factor
decrcases with increasing Rcynolds number as obscrved
by Morarhan in Ref (9) from a survey of continuous flow
tunnel mecsurcnents,

Estimation of wall tcmperatures,

A comparison of the theooretical and experimental
variation of wall temperature with time for two typical
flights ig shown in Figs, 13 and 14. The rosults shown
for the 5 scmi-angle done on Fig. 13. show excellent
agreenent with the theoretical prediction based on Hill's
method (Ref. 10) using van Driest's theory for predicting
the heat~transfer coefficients (Ref. 11).

The results for the 350 semi=angle cone, however,
are not quite as good, there breing a discrepancy of
9% between the predicted and measured maxdmum temperatures,
The thcorctical prediction can, of course, be improved
by making allowancc for radiation cffccts which were not
included in the present calculation,

Bearing in mind, from the results shown in Fig. 4,
that the thecorctical Stanton numbers for thesc flights
differ from the cxperimental Stanton numbers by the order
of 10%, Hill's mcthod con be said to give an cxcellent
prediction of the wall temperaturc for thin skins,

Conclusions,

1)

2)

3)

i)

Some attempt should be made to obtain free flight he$t-
transfer neasurcncnts at Roynolds numbers srcator than 40 ’
where the available results appear to be unreliable.

Owing to the low Mach number range covered by the free
flight data availablc, it is proposed to extend the present
correlation to hijher Mach numbers using wind tunncl results,

Wherc possible, cvery effort should be made to obtain
cvidence of transition location during flight so that
rcliable estinates of the effective Reynolds number in
turbulent flow can be made,

No influencc of conc angle on the magnitude of the
Stanton number comparcd with the cquivalent flat plate
Stanton number could be established from the results,
This was primarily due to the small rangc of cone angles
investigated in free flight, If more free flight tests
are done it wou%d be wgrth investigating cone scmi-angles
in the range 15 to 30°.

]
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The trends of the experimental results follow the
theorotical predictions in the main, except for tl)e results
available at Reynolds numbers greater than 2 x 10',

Reynolds analogy factor was found to be indcpendent of
both Mach number and Reynolds number as predicted by simple
theory.

Recovery factor data deduced from the presented
experimental results are, in general, unsatisfactory, This
is primarily due to the small scales used for presenting
wall temperature -~ time plots in the reports and the lack
of tabulated valucs of the actual measured wall temperatures.

Hills method for predicting the temperaturc of thermally
thin skins, when used in conjunction with Van Dricst's theory
for predicting the heat-transfer coefficients, give reliable
estimatcs of the wall temperature.
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Appendix 1

List of Symbols

a Speed of sound ft/sec.
a Specific heat of skin material C.H.U/1b %k,
Ce Local skin friction coefficient
Op Specific heat at constant pressure C.H,U,/1b °K.
also, pressure coefficient = Dee
£ YMS pe
Thernal capacity of thin skins, (pcl), cHU/2t2-%k,
h Local convective heat transfer cocfficient CHU/ftz/seo/ ¥
LRI (.
(Tr-Tw)
S e e enthalpy CHU/1b
k Thermal conductivity CHU/#t/seq/ Kk
4 Skin thickness ft
M Mach number
N, Nusselt number (h x/k),
P Pressure 1b/ £4°
B, Prandtl number (pe I/1:)
q Heat flux CHU/ﬁ:a/sec.
Re Reynolds mumber (/)
r Temperature recovery factor,
S Reynolds snalogy factor (_CE: / )
2
Sy Stanton number (h/pUCp)
i Temperature °Kk
t Time sec,
U Velocity ft/sec,
x Distance along cone surface neasured
from tip, 't
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¥ Ratio of specific heats
e Emissivity
°) Cone semi-angle Degrees
i Viscosity 1b/ft=sco,
Density /247
o Deviation in a parameter; also Stefan Boltzmann
aonstant, CHU/ ftz/ seq/ OKL
Subseripts
b ¢ Local conditions at boundary layer edge.
oo Free stream conditions,
i Incompressible flow,
Recovery conditions,
8 Stagnation conditions,
Transition
w Wall conditions.
Superscript
° Evaluated from the Eckert reference enthalpy.
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Appendix IT
Summary of theoretical equations

1« Exprassions relating St:u;ton nunber and Nusselt number to
Reynolds number and Prandtl number for turbulent flow on a

41_&_"; .Elate.

The sinplest relation between Cf and Re is given by the
equation

Cp. = 0,0592 R -1/5 (Ref, 14)
* ) (1)

and, using the nodified Reynolds
Analogy due to Colburn

~2/3
2

we obtain for the Stanton number in incompressible flow,

| . 6 -2/3 e ~1/5
Szi 0,029 Pr R (2)

Further, we note that Nu is given by
Nu a Pr. Re. St
and substituting this expression into equation (2) yielas,

N, = 0,026 p *1/3p, +4/5
s E (3)

The Stanton number in conpressible flow is found from
equation (2) using the 'intermediate! temperature technique
due to Eckert noting that,

s

" Y
S, = S e = S, . 2

= 0,0296 (P;)'z/} (Re')"1/5

L]
where, S’t

(5)

"
and the propertigs are cvaluated at a temperature T corresponding
to an enthalpy 1" given by

L
1" =4, 40,5 (:LW -1,) + 0,22 (1, - 11)

(6)

An alternative expression for the incompressible local skin
friction coefficient is the Prandtl-Schlichting formula (Ref,14),

-ZQIFB
Cp = 0,288 (log,. R )
fi 10 e (7)

W%
\ )
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and, corresponding to this there can be obtained the
following relations;

2/3 - 2,45
s{_&_ P = 0,144 (1log,, R,) (8)
" . "‘2/3 L "'2045
and (Sei)comp. = 0u1bh p (Pr ) (10310 R, )
. (9)

Equations (3), (5), (8), and (9) can be applied to gonical
flow by multiplying the right hand sida by tho factor.,1.15.

A Sinplified Relation between St' and gﬁ

Using eqns, (1), (4) and Reynolds analogy, we mey
write,

Sy = 0,0296 (1‘1;)'1/ 3 (P:)-z/ 3 {Ti]
™ ________(10)
and,from equation (2)
Sgy = 0.0296 Re'1/ 2 (Pr)-z/ 3

_—— (1)

Hence,

_:_'-:_L - {:—::} 1/5 {;1} {1;-:; 2/3 )
and, assuning (a) P = Pr.

(b) p =< 107
equation (12) reduces to

N (.

.82 = T.-O'66
St {-}

T
*
where T 1is found from equation (6)

Reynolds analogy factor,

Reynolds analogy may be written,

1 =t
5 (1)

t
(04/2)

and, C‘./z in coupressible flow using the Prandtl-Schlichting

equation (egn,7), is

CONFIDENTIAL



\
M

\«:?{
coNFiDENTIAL |
O\ t».«" \ $WFO" =

\.J:\"‘ _

L] % - 2.
m 0,144 {-B- } (10810 Re ) As
Plate P

‘“]o
‘ [_f} * 1.5 fOf
2 ’cone 2

Thus, ocombining equations (15) and (14), S is found from the
experimentally measured Stanton nunber as follows,

} plate, (15)

8 6,039 (ST) €XPe {.,5‘} (16)
(10810 Re‘ ):5‘711-5

(4) Approxinate deternination of the recovery factors.

The heat balance for an clement of the skin neglecting
conduction along the skin and internal radiation is,

G % = h(T1) +¢, o (17)

and, for zero convective heat transfer this becomes

¢ 4w =swa"f::

. e (18)

In the reports anclysed the wall temperatures are presented
graphically as functions of time on so small a scale that it was
impossible to solve equation (18) by the normal graphical procedure,
However, the radiation tern in equation (17) was small for most
cases and the approximation was made that zero convective heat-
transfer conditions obtained at a time when,

G .&‘T#'! B : (19)

- The wall temperature at this time is equal to the recovery
temperature, T., and the recovery factor is evaluated from the

relation
r L ISR
= | (20)

(5) Hilds pethod for predicting skin temperatures on thermally thin skins.

Hill showed in Ref 10, that the wall temperature variation with
tine (neglecting radiation5 could be found from the following equation,

(W)n = hye T, 4 (hDy - b, + 2/5 CTy), ]
(¥/8)c.+ h

where m and m-1 refer to two successive times and § is the
time interval for the Calculg}t?ion:.' ‘sl

X LD =,
W\
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1 ESTIMATION OF PROBABLE ERRORS IN MEASURED STANTON QQM . ST

Following the procedure for estimating errors in ST desaribed in
Ref. 7, we define,

& A
\'f‘)y o o el

n

(1)

3¢
A

where o’¢ is the error in ¢ due to errors,

o‘*n in the quantities *n‘

The total errar in ¢ due to errors in J quantities *n is then

Buna- (2 16T )

By considering the probable errors in the individual measured
or derived quantities, tabulated, the probable error in Stanton muber
ocan be shown to be,

o 401 + 016K + {7, (1-r)0.01}2 2
<-§>ro'rm ° [ (7, "Tw;z *(“71 ®) * °'°°"2j

(N.B. T in °R in above equation).

Table of probable errors (After Ref. 7).

Quantity Error
S 20°R
T shield 20°R
P 0,013 p
5 1°r
U, 4 ft/sec
dT/dt 1°R/se0
7 0,03 &
P/ P T4/T VU, | O
&y 0. 02
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2 PROBABLE ERRORS IN §T*, Pr* AND Re* WHICH OCCUR IN THE CORRELATIONS

(a) Error in

sT* = (sT) (%-) - ()

Hence, using equation (1),

(%m - 'a.a‘SsT'Ti-crsr =(%>;T¥=%%‘ —(5)

and, similarly,

e >< 3 i ®

Then, using equation (2),

() -l [T

TOTAL

(7)

Now, for the conditions covered by the investigation it can be
shown that

o,
(py/P*) o

Hence, equation (7) becomes
(®), -

TOTAL TOTAL
(v)  Ecror in Pr*

It 1s readily shown that errors in Pr* will lie in the range
%0,0005, Hence,

s 0,

Tpps
Hﬂl

(e)  Error in Re*

By using equations (1) and (2) it ocan be shown.that errors in
Re* due ¢to errors in T*, P U and Too will be

By

S
2 %A
) \ w ‘\‘ %

B S —————
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