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ADVANCED PROJECT NOTE #3

THE POSSIBILITIES OF HYDROGEN AS AN

AIRCRAFT FUEL

D. BROWN JUNE 1957



The improvement in performance of
high speed, high altitude aircraft following laminarisation of
the boundary layer is discussed in this note. Owing to the very
large reductions in skin drag coefficient (from 50h to 90% reduction

possible) the possible increase in range is large.

The main factors affecting the Reynclds'
Number for trensition are discussed and in particular an analysils
has been made of the requirements to hold surface temperature below
the limit for an entirely laminar boundary layer over a body. This
analysis led to the conclusion that fuels of much larger heat capacity

than Keros©aie must be used.
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Reynolds' Number. For insulated cones the minimum cccurs at a logas
lioch number than for insulated flat plsates and hollow cvlinders.

(v) Stream turbulence has a large effact on
tronsition and this may be one of the factors affecting the differcocae
between results of wind tunnel and free flight test inasmuch as the
atmosphere has very low turbulence.
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on transition and the general conclusion is that a rounded nose or lezdin
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edge will cause higher values of transition Reynolds' number to be obisii
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sub-layer of a turbwlent boundary layer in which case surfers o
wlll pocsibly be unable to delay transition. Flight at high o1+
is beneficial in countering surface roughness owing to theLhio

"

the boundory layer. The thickness of a laminar or turbulent bon

layer increases as altitude increases, since the thickness g R ey
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and the Reynolds® Number Ris decreases with sltitude increosing.

(e) Pressure gradients have a favourable i oot

on stabiliziy; a boundary layer if they are negative i.e. %g < O
where p is the local pressure and x the distance from nose or leading ed-o.
Generally, supersonic flight is more amenable to producing favourable
sradients than is subsonic flight. A thin bi-convex wing at zero sngle
of attack has a favourable gradient over the entire surface whercos in
subsonic flows a favourable gradient only exists over the forward portion
up to the point of morimum thickness.
(n) Angle of attack affects trancition by
decreasing 'zgron the upper surface and increasing it on the lover
suviacs, so that for a wing with mixed flow the net change in frictien
drag would be semll.
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An aircraft cruising at a lach Hunbe

Re
(which according to Ref /1 is the speed for lowest RET
g i P
of 100,000 ft. is considered.
Anbient temperature = 216.5%

If Tr is the stagnation recovery temperature

2

Tr = +.2M )

b

h0]

16.5 (
R being the stagnation temperature recovery factor and

M the flight Mach Number.

POl

For leminar boundary layers R = P.

- 1/3
and for turbulent boundary layers R = P,
where Pp the Prandﬁﬂ number is .72 for air

Then R .8LE

Laminar
RTurbulent - 062
Owing to the closeness of these values no appreciable difference
in Tr will result if either is used.

Taking R = .85

Tr = 216.5 x 3.72 = 804°K

In order that an initially laminar boundary layer will

stay in that condition free flight tests have shown that Tw must
reduced such that Tw &£ 1.2
T
2.0 . .
i.e. Tw = 260 K (beazed on the assumption thet T i
the free stream value).
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i.e. fp ' = 1.209 x S5hh x 1.0%6 x 3872 x .2k

sl ¥ gl e ik e,

So W™ 1% = 9.69 x 89.456 x 107 = 2240 f£t.
3872

This value is much in excess of any
practical body length and shows that the entire surface of the
body has to be cooled by mechanical methods.

The length required to be cooled is

strongly dependent on the temperature ratio Tw A calculation for Tu
(Tl i :[vc

2.0 for the same Mach Number and altitude has shown that only 3.9 foet

l’-

1zed be cooled the remainder behind the portion having a ratio of 2.0 ar

less maintained by radiative cooling. This calculation also chowed

very much greater lengths have to be cooled at lover altitudes viz. 20
feet at 80,000 ft. end 17h feet at 60,000 ft. (Fig. 1)
2.2, Fre of sfin Cocling Usine JP-L

A hypothetical gircraft 50 feet in lor-th
has been cencidersd eruising at M 2 L.0 and 100,000 f%.
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Using a cooled surface area of 750 sq. ft.,a latent heat of

of caseous hydrogen of 3 CHY1H. ¢ , a vaporising temperature of 20 K

e
erature of 200 K then
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An 2stimote of the specific net thrust and specific fuel consumption

been nade for the following conditions

(2) M= k.0
QO
(b) Altitude = 100,000 ft. (ambient temp. = 216.5 K)

Max  burning temperature = 2,000°K.

(e)
(a) A.I.A. supersonic diffusion effic
(e)
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Subsonic diffuser loss = 5% of total loed after normal
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4.2. Cooled Surface (Hydrogzen fuelled)
(a) 1%t is that the cooled surface is sufficient to stabilise

she wholly laminar boundary layer over the body.
(v Cooling permits use of aluninum structure with attendan’)
\ 5

alrframz weight benefits over the JP-L aircraft wvhich will

wecessarily have a steel skin.

(¢) Fuel weight fixed at 2290 1b. This is derived from the goma

me of hydrogen as JP-4 and a dens:

with 48 lb/ft3 for JP-L.

nilar caleculation:

13 A I . o
ace for a g Wi i el

i -4 TEA PRI 4aY 2y I3 o~ L e V4 ey RO T P
. by Yle! witn the corresponding values of Life = Drag ratio el

P

R \ - ~L

: L e i . - . R & 48, p T P ™ At e T

LeLOU ¢iirmsncicns are the game as those for the JP-4 girerafs:




Values of
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are tabulated below:-
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Then for un SFC of 733 1lb/lb.

Hyraroson welrnbh flow = 1057

38 = .331 1b/sec
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and for hydrogen the gas constant R = 2780 = 1390

Then A = .78 x T x 1390
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ot for the bhydrozon is
nozzle of 4 feet dicuzter would te
ith a final discharge coeflicient of .6
d “=".303 inches.
CCuiCL
It is apparent that large decreases in
drogs and conseque ant increases in range are possible if laminar boundory
- loyers can be maintained ot high flight upeeds. The greatest advantages
of course accrue with bodies of very large finsnass ratlo)tn@ surface areo
of these bodies being large compared with frontal area.
Among the many factors which deterwmine the
state of a boundary layer in compressible flow, surface temperature hos
a ztrong effect and apart from its imporitance to maintain structural into -
at hich speeds, skin co\Lng cen pay large dividends in renge if 1t ds adna
to leminarise an otherwice turbulent boundary layer.
There ere two basic methods of skin cooling
(2) Film or 'sweat' cooling;
(b) Cooling by internel ebscrbtion of heat generated in tho honncs
Film cooling has not teen dicc T in s
but it is pointed out that s diesposeble liauid must bz cerrici by ths
— nireraelt and vhile it may adequetely cool the surfage it iz ddfTievlt %o
b} cx ibe givipg @ lorgs B ohe




owing to its large heat capacity, (determined
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In spite of its bulk lig

=
&
4

large specific heat) and by its high calorific

If hydrogen could be stored as a liquid in its atomic fova

s value of hydrogen up to 78000 C£6/1b.

) the heat of re-association could bring the theoretica
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