. — [
e — - 3
J =

| 4 ,H C ﬂ"lf //IJ/W) Q‘W‘« 70

;mep — ¢W

. /
1\%@0 () 'l:(?):-;‘_i(g-j(g,zv) u—iv=df

W= (%) - e
)(/ i f. VT yf = '“_LC___ = -—; r' [() ¢ {)—]
(%) 2a@ASy 24 [(xxdei (eIl ~i 0]
R K 2 CHN VA M 4

T (VI %) L

Lt (X))

010 e o b | o foc el
L ‘/M}“f [ [ il Blesjs
e a r? ;\v\v&f"-v( ]71 L \
{" ‘L! a vovlee CKY»U INe? o %ﬂ/(—@ lJ )‘{ a‘ftv’uo [
© " ®
DI R
l E TL]

)( e
dlr dly

() [Z’({ V(\/{rC(/) P~ (mf,JL\uﬂ‘> —_ .«/ 147 Zﬂ 4///{

(H)Fn/ I w,“( e v-veloe §;Z/Q Ap Q./

vivl e
f-.ﬂ

L(

W

_ ’Zr(
Nzmp L Rt o

- - __L\F OL\ Jnh /Ll)
F%tw{? . I fuJ’\[?ttl a4)~—(apén’i’5
C=|
Py S'illlze_d("‘ = "‘Ei Q.\AL\LZWA //ﬁ [ Z”’ } l)
24 ‘

7 [ _h Tk, i
= LT [‘i'—i’\/f)t«\'hi | U\"*)A—(ﬂ‘




,-.2—~
T-V,] Y/ e o (cﬁ tﬂ’cf'wu/{’ l,l/ ,U l&frf\? 5[)&@,@7
(;—"16". h:L\- 19@‘#“7 L ,]? L«€ N Nf {/ 7 Le/ h[ﬁ“' lb U“M )

("{\i) Tl wake C@nn—e.?(}w -u'el'o(i‘(‘f) = [;‘l(ebj ,@
be clojy v i bots s predd . To vetmel Ho
H?f‘)f\aw h b~ Wl ea Apble [§dt 1)

-1 Pl o PR
. . v Egr )

—

A Lo)’\[”%/)’ f

IR, A I valne 1 Fcﬂ‘ (C”)

Q1. Examiner's Comment:
Nice mix of simple maths and real physics — very unpopular.
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Q2. Examiner's Comment:
Popular and generally well done.
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Q3. Examiner's Comment:

Rather simple question based on physical understanding — with little maths. Popular — and done
well by a few — but badly by many. It is very worrying when such basic physics, so central to our
subject appears not to have got much traction
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Q4. Examiner's Comment:

Very popular question and generally well done except for the last part based on a
similarity solution — which seems to lead most candidates into an algebraic black

hole...
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Q5. Examiner's Comment:

©
Not popular, and not well done. Limited physical grasp and excessive algebra hampered all
but the best candidates.
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Q6. Examiner's Comment: Very popular and generally well done.
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Q7. Examiner's Comment:
Rather unpopular for such a standard question; generally good and complete answers.
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Solution

a) The angle a defines the slope of the rear windscreen (¢ in the sketch below).

b) The two flow regimes are ‘fastback’ (attached flow along the windscreen) and
‘squareback’ (flow separates at the roof/windscreen junction).
Fastback

048 30" ?“L_f R
i

046} Fastback. 14 >30°|
| ’ "e‘i Squareback

1

e e ey e s e

9

Squareback €010:40 —
e 038| | 1

w—’-—
The squareback shape has a larger wake and thus a larger drag coefficient. The
drag minimum is typically in the region of 10°-20°. .

¢) In regime 2, as the angle increases a pair of counter-rotating vortices form
above the rear windscreen. These vortices increase in strength as the angle
increases until the flow separates at the roof. The additional energy in the

vortices incurs additional drag.

Standing vortces

Low pressure
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e
d) Small cars need to be short. Thus, a long sloping rear would significantly
reduce the internal volume and therefore the most common solution is the
‘'squareback’ design with a steep rear windscreen (and flow separation at the
roof/windscreen junction). This maximises the available volume (for rear
passengers and boot space).
Large cars can afford the additional length incurred by a gently sloped rear
windscreen. Thus larger cars are often designed either as:
1) a ‘fastback’ with a slope of around 20° like the Toyota Prius (cd=0.25):




2) or a typical ‘saloon’ type shape with a gently sloped rear windscreen (again
around 20°) followed by an additional boot, as seen on the Vauxhall Insignia
(Cd=0.26-0.27):

- E,;'-—L.—“
Bl s
if (C s G\
5 s

e) Hatchback shapes can incorporate a small amount of boat-tailing in the roof
line:

— A

With boat-tail
\__/ \_/

The addition of a small rear spoiler can also reduce drag slightly:

> A New contour

\/' [lnitial contour

VW-Golf I (Rabbit)

1000

Detail A
Centreline cross-section

2400

Q8. Examiner's Comment:

Most popular question — luckily, as it pushed up the average marks to the target
zones. Often poorly structured written answers and generally nasty, poorly labelled
sketches.
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