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High-Lift Airfoil Design from the Hodograph

M.J Cohen*
Ben-Gunon University of the Negev, Beersheva, Israel

A practical and general method is described and used to derive particular airfoil sections with the desirable flat
roof-top characteristics of some optimum profiles. The method is derived from a solution of the inverse airfoil
problem, where the dynamic features required of it by the designer are set in the hodograph plane and the airfoil
profile, which will realize those design features obtained by a simple process of numerical integration. AH the
physical viability criteria are satisfied ab initio and the particular sections calculated exhibit those desirable
features by suitably choosing some transformation constants which are fully defined in the hodograph plane.
The pressure recovery at the tail end of the upper surface can be helped to develop naturally without separation
taking place by making use, if need be, of the process of natural jet injection into the boundary layer at a well-
defined station just ahead of an incipient separation point. Some of these so-derived airfoils are described
together with their aerodynamic characteristics. The method can also be used to generate high-performance
cascade blading for low-speed (incompressible) work, or airfoils, either isolated or in cascades, for use at
compressible (subsonic) flow speeds, with little significant structural complexity added.

Introduction

THE purpose of this paper is to present and use a simple
hodograph method of designing high-lift airfoils with

desirable pressure distributions including flat roof-top airfoils
which have deservedly earned them the interest of designers
and aerodynamicists alike due to the efficiency of their
operation both as high-lift and relatively low-drag aero-
dynamic devices. The flat roof-top airfoil has been
investigated by many authors and Liebeck was one of the first
to provide the theoretical and experimental argument for its
subsequent adoption as the optimum configuration in the
design of efficient airfoil sections. It is not the intention here
of giving a history of the development of this class of airfoils;
the literature on the subject is fairly extensive and the
selection given,2'8 which is easily obtainable, should be found
adequate for those more generally interested. On the other
hand, it is the intention to present an alternative analytic
method for the synthesis of families of such flat roof-top and
other high-lift airfoils using fairly straightforward analytic
tools, for which nonseparated flows can be expected. The
method obtains from an exact (for the incompressible flow)
solution3 of the inverse problem stated in the hodograph
plane from which the required physical profile can be derived.
The criteria for profile closure and acceptable physical
configurations are satisfied ab initio as it were and the method
suggests a straightforward procedure for evolving whole
families of such airfoils, each suitable for a specific design
task using elementary numerical algorithms easily
programmable, and, in many cases, processable on a desk
calculator as was done in the example presented here. The
method is quite general2'3 and can be extended to derive
cascade-airfoil profiles with similarly desirable aerodynamic
characteristics and could thus provide an additional powerful
tool for the synthesis of efficient turbine (or compressor)
blading profiles. Its extension to the whole of the subsonic
compressible domain is extant3 and involves no significant
complication in the basic structure of the approach described
here. The advantageous characteristics of the particular flat
roof-top airfoil sections examined more specifically in this
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paper are twofold: 1) they all exhibit flat roof-top pressure
distributions over extensive portions of both upper and lower
surfaces and, 2) the large pressure differentials between lower
and upper surfaces enable a process of high-energy jet
injection into any incipiently separating boundary layer to be
achieved if needed, by a natural means, at a well-defined
point well aft (> 0.7c) on the upper surface, where, in some
of these profiles, separation may occur due to the sudden
onset of the adverse pressure gradient required for pressure
recovery. The advantage of the optional approach suggested
in this paper, over one based on a process of Stratford9

pressure recovery appears to be twofold: 1) the airfoil's range
of efficient performance on either side of its design point is
likely to be more extensive and, 2) the airfoils do not exhibit
the long trailing tails on the upper surface (with the
concomitant reduction in the lift coefficient) required to
enable a full process of Stratford recovery to stay on course
all the way to the trailing edge. Finally, the airfoils calculated
by this method and presented here, having short "recovery"
or trailing sections over their upper surfaces and extensive
roof-top sections over both upper and lower surfaces are
inherently high-lift and potentially low-drag devices with
practically simple and mechanically attractive properties.

Theoretical Background
For a two-dimensional subsonic (quasi-incompressible)

flow about a closed profile, uniform at infinity, there exists a
potential function, W-^ + i^, such that for every point of the
flow, including, of course, those on the profile boundary, >

dW (i)

where z=rei(t> and $-=qeie are the complex coordinates in the
physical and hodograph planes, respectively Equation (1)
shows that the transformation from the physical to the true
hodograph planes and vice versa is isogonal. Without loss of
generality we shall call the f plane, the image in its real axis of
the true hodograph plane, the hodograph plane from now on.
From Eq. (1) it follows that

dW
Y (2)
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and, therefore, if W is known in any plane f2, derivable by
conformal transformation from the hodograph plane £ then
the profile z] in the physical plane can be derived from a
suitable integration around the corresponding boundary in
the f2 plane; that is, from Eq. (2),

1 dW
(3)

where, in Eq. (3), corresponding points f and & alon£ the
boundary are related by a defined conformal transformation
linking those two planes. Any suitable conformal
transformation could be used for that purpose and, in
particular, those described by a Schwarz-Chnstoffel relation
are of especial interest since they develop an arbitrarily
selected polygonal boundary set m a fnf plane onto the real
axis in the & plane. For the sake of analytical simplicity in the
working out of the examples and also because of their proven
aerodynamic efficiency, application of the method presented
will be restricted to families of airfoils with so-called "flat
roof-top" velocity distributions. These are made up of linked
velocity segments which are either of constant speed or of
constant inclination. Thus, if a fn-hodograph plane f/ = (Wf is
interposed between the f and f2 planes, the boundary profiles
in the f/ plane, for any of these families of airfoils, are now
all polygonal with corner angles in multiples of 7r/2, thus
exhibiting the characteristic flat roof-top feature (Figs. 1-3).
The "unperturbed" conditions at infinity in the physical
plane are represented by a doublet singularity within the
polygonal boundary In particular, if the unperturbed stream
velocity vector is taken as unity, conditions at infinity in the
physical plane flow, in the presence of an airfoil, will be

represented by a doublet at the origin in the f y plane, with axis
normal to the real axis. In addition, there is a vortex
superimposed at that doublet location whose strength F is
equal to the strength of the circulation around the airfoil in
the physical plane. The polygonal boundary within which the
doublet-vortex flow is contained in the f/ plane can now be
transformed to the flow in the upper half of a f2 plane by a
suitable Schwarz-Chnstoffel transformation

) (4)

where a/, a2, etc. are the internal angles at the corners of the
boundary polygon in the f/ plane and will all be, for the cases
worked here, multiples of ?r/2. The actual form of these
transformations is given in each case in Figs. 1-3. Generally,
the strength (/i)r/ of the doublet (at f7 = f/0 = 0) m the f;
plane is, of course, affected by the transformation to the f2
plane, so that the corresponding strength of the doublet at
& = £20 m the &• plane is:

fc=&0
(5)

with the vortex strength T remaining unaffected by the
transformation.

The flow from and to a doublet-vortex singularity system at
f2 = f20, m the upper half of the f2 plane, i.e., with the real

Fig. 1 First family of high-lift airfoils, —— = —~ *2*k*

* <-plane
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Fig. 2 Second family of high-lift airfoils,——
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Fig.3 Th,rd family of high-.ift airfoils,
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axis as a boundary, is given by the potential function

+/nn(f2-f20)+imageinrealaxis(6)? ~ $20 -i
In Eq (6) only one of JH, and F is arbitrary (that arbitrariness is
reflected in the arbitrariness of the scale of the derived
profile), the other must be expressed in terms of it by a
subsidiary condition which, as will be shown in the next
paragraph, is provided by the condition of profile closure in
the physical plane. Since the velocity vector selected as
standard dynamic quantity is the unit (scalar) vector in the f
plane, all the other parameters determining the boundary in
the hodograph plane are referred to it and can be selected by
the designer to suit his purpose, and, subject to the tran
sfbrmation in Eq (4), the potential function W (f2) and,
therefore, dW/d£2 are completely known To perform the
integration (Eq 3) along the real axis in the h plane, which
yields, by integrative construction the corresponding airfoil
profile in the physical plane, one needs the appropriate f
corresponding to each point f2 along the integration path For
those sections of the real axis in the f2 plane corresponding to
constant stream inclination 6r segments of the airfoil profile,

-_ =e-!i=—eie

f Q
(7a)

and for the sections corresponding to constant stream speed
qn flat roof top, segments of the airfoil profile,

1—
Qr

(7b)

with the f; =/( h) required in the integrand obtained from
Eq (4) by integration along the (real axis) boundary in the f2
plane. The process of airfoil synthesis defined by Eq (3) is
thus one of numerical piecemeal integration around a contour
in the f2 plane, which is the (closed) boundary of the whole of
its upper half The starting point for this integration could be
any convenient point along the real axis of the f2 plane
proceeding anticlockwise to " + " infinity and back from "-"
infinity to the original starting point, via the circle at infinity
The corresponding path in the physical plane z] will describe
the countour of the desired airfoil The full form of the in
tegral [Eq (3)] can be written by the use of Eq (6):

(fc-fco)'
(8)

with h real (= £2) here, and where (/x)r = *£?'", ho = $20 + ^20
and f / is related to f2 by the integrated torm of Eq (4)

Figures 1 3 show three families of flat roof top airfoils
together with their attendant f / plane configurations

4^,-plane

Analytical Development
There are three subsidiary conditions that must be satisfied

in order to obtain acceptable physical airfoil profiles:
1) The profiles must close in the physical plane
2) The stagnation points must be physically viable; that is, a

forward stagnation point near the leading edge of the profile
and a rear stagnation point at the trailing edge of the profile if
the trailing edge is not cusped or a dividing streamline leaving
the trailing edge smoothly if it is

3) The profile must not cross over itself in the process of its
synthesis The first condition establishes the principle of
continuity of the main flow The second ensures the
satisfaction of the Kutta Zhukovski condition at the trailing
edge, and the third, in part a restatement of the first, also
ensures the generation of a physically valid profile

Condition of Profile Closure
Referring to Fig. 4, it is clear that the airfoil profile will

close exactly provided the dividing streamline leaves an un
split trailing edge of the closed profile at T to proceed as a
single streamline to infinity downstream. If a contour in-
tegration of dz is taken around a large circle (in the limit, the
infinite circle) starting just above the lip of the dividing
streamline to a point just below it at the end of the contour,
then the condition for profile closure is:

dz=0 (9)

This condition translates both in the f/ and f2 planes to an
integration around ah infinitesimally small circle around the
doublet vortex singularity representing the flow conditions at
infinity in those planes; that is, condition (9) becomes the
contour integral (identical to Eq. (8), but with a different path
of integration),

-r —f df2

dW
(10)

in the & plane, where the contour integration is taken around
a small circle in the f2 plane surrounding the singularity at
h = ho Let the doublet strength (at f / = 0) in the f/ plane be

fc-o (11)

where /t is the modulus of the doublet strength in the f / plane

[i e ,/*= lim (m de)],

where m is the strength of either source of sink comprising the
doublet and de is their angular separation (the doublet axis

Fig 4 Contour integration path for profile closure Fig 5 First family airfoil 0 = 627deg
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length in the f/ plane). Then, from Eq (5), the strength of the
doublet at f2 = £20 m tne £2 plane is

(12)

But for corresponding regions in the neighborhood of the
doublet vortex singularities in the f/ and f2 planes, the
transformation function must take theTaylor form:

Hence, for small f / (

and the integral, Eq (10), now reduces, using Eq (8) for the
different contour examined here to

(13)
that is

or byEq (12),

stagnation points on the real axis in that plane is at infinity
and the other at some suitable position on that axis That
latter position determines the kind of airfoil (flat, single
reflex double reflex) with cusped trailing edge to be designed
(Figs 1 and 2) For airfoils with finite trailing edge angle, Fig
3, the second stagnation point on the real axis must be at point
T in that plane,, which is one of the corner points of the
polygon in the f/ plane

Families of Airfoils, wifh Cusped Trailing Edges
The forward stagnation point 5 lies at infinity in the f2

plane In that plane the velocity distribution along the real
axis is, from Eqs (6), (12) and (14),

20

4-

(16)

where W=2xW/T, *=K/r, and & =£2 +/r?2
Hence, for just one stagnation point on the real axis, we get

fromEq (16) the condition

(17)

where

and ,-

Hence, the condition for airfoil profile closure is equivalent to
the following relationship between the strengths (scalar) of the
superimposed vortex and doublet singularities in the f/ plane:

r=M (14)
This simple relationship yields an interesting physical in
terpretation which will be described in the sequel The in
tegration process that will ensure profile closure is thus from
Eq (8),

. — ?„„ ̂ 2 (15)

fromEq (12)

-Cp

Upper Surface

-1

Fig 6 First family airfoil £ = 45 3 deg.

where z=2irz/Y and e~f', corresponding to points £2 on the
real axis in the f2 plane, is given by the appropriate expression
[Eqs (7a or 7b)] and has either constant argument (for those
parts of the real axis corresponding to the constant velocity
inclination segments of the boundary in the f/ plane) or
constant modulus (for those parts of the real axis
corresponding to constant speed segments of the boundary in
the f / plane)

Choice of the Stagnation Points
From a consideration of the "forward" stagnation point at

S in Figs 1 3, it is clear that the corresponding stagnation
point in the f2 plane must lie at infinity. Thus one of the two Fig 7 First family airfoil 0 = 33.3 deg
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Once the family of desired cusped trailing-edge airfoils is
selected, the appropriate df2/df/ is known (see Figs 1 and 2)
and Eq (17) then determines a locus of t\2o values
corresponding to a set of so far arbitrary £20 values, all
yielding acceptable forward stagnation points The choice of
£20 is not, however, wholly arbitrary for £20 in fact, also fixes
(with its attendant r/20) the position of the other stagnation
point at £2 = £2$; that is, at T, on the real axis of the £ plane,
which for airfoils of the first family, should lie between D and
0, that is, - k2 < £2S < ° The position of this stagnation point
at Tin the f2 plane corresponding to the trailing edge at Tin
the physical plane can easily be obtained from Eq (16) as:

120

tanv (18)

after making use of relation (17) Generally any %2o which
yields by Eq (18) a value of - k2 <£2S <0 is acceptable and
will ensure that the airfoil boundary in the physical plane does
not cross over itself There is an infinite number of airfoils
with cusped trailing edges in each family depending on (a) the
set ( k y k2, } chosen, which is dominant in determining the
airfoil geometry, thickness ratio, incidence, and, hence, its
eventual CL; and the £20 selected for each such set, which is
less so If, without loss in profile efficiency, T is chosen to
coincide with C in the f; plane, the second stagnation point
£2S in the f2 plane lies at £2 = - 1, and Eq (18) then yields

120.
tan*> -$20 =

andEqs (17) and (19) now give for £20

t20 = K\-r- -sinH-7\smj> /

(19)

(20)

Since k and v are both functions of T?20 and f20 [see Eq
(12)], Eqs^ (17) and (20) are two simultaneous nonlinear
equations for determining the two unknowns (£20 and T?20)
which define the singularity position on the hodograph
planes A solution of these equations can be quite easily
obtained on a programmable desk calculator (in a time on the
order of 5 min on a TI59), for each of the set ( k j k2 \
chosen to define a particular cusped airfoil in that family
Three high lift airfoils of this first family have been so
designed and are drawn in Figs. 5 7, together with their
pressure distributions at the stated design angle of attack

Family of Airfoils with Finite Angled Trailing Edges
Figure 3 describes another family of flat roof top airfoils

but with finite trailing edge angles For these airfoils Eq (17)
is still valid for the forward stagnation points, but there is an
additional relation [similar to Eq (18)] fixing the rear
stagnation point at the trailing edge 7, which, in this case, is
that point on the real axis of the & plane corresponding to the
appropriate "corner" dscribing the trailing edge flow in the
f2 plane; that is, a second point at infinity (at 7) in the f/
plane If the point Tin the f2 plane is at f2 = -£s, this second
relation is, from Eq (18)

(21)

which, together with Eq (17), determines the two unknowns
£20 and rj20 uniquely This can be performed easily on a desk
calculator as in the previous case

Worked Examples and Discussion
On the basis of the foregoing, the procedure for the

development of a flat roof-top airfoil profile of the type

described is as follows:
1) A set of {k; k2, } is chosen This apart from an

arbitrary scale constant determines df//df2 completely (See
Figs. 1 3 )

2) f/ values on the profile boundary, corresponding to a
suitable string of J"2 values along the real axis in the f2 plane
stretching from - oo to + oo is obtained from the preceding
by numerical integration from some suitable point, say, £2S
on that axis This yields the correspondence required in Eq
(8) between f/ and |2:

(22)

Af/ lengths along constant speed segments of the boundary
will be wholly imaginary, whereas Af/ lengths along constant
inclination segments of the boundary will be wholly real

3) The coordinates (£20 ri20) fixing the position (f20) of the
doublet vortex singularity in the f2 plane, corresponding to
the particular set of (k/ k2, } chosen, is determined by
solving simultaneously the two equations (17) and (18)

4) f/0, the position of the doublet-vortex singularity in the
f/ plane, representing conditions at infinity in the physical
plane can now be obtained from

the integral being performed along a path parallel to the
imaginary axis of the & plane. This yields the real and
imaginary increments A£/ and Aiy/, from the (known) point
on the f; plane boundary corresponding to the point %20 on
the real axis of the f2 plane For the airfoils of the first family
developed in this paper, these increments are:

«<-*(-:>
(23)

where

and

using, in Eq (23), the upper and lower trigonometric func-
tions, depending on whether l£201 < 1 or £20 > 1, respectively

5)f20 and f/0 being now known, W($2) is known and the
integral Eq (15) can be performed numerically A good
starting point for the integral would be the forward stagnation
point S

Worked Examples
Three airfoils of the first family were calculated by the

above procedure as examples of the use of the present method
for the design of a certain type (flat roof-top) of high lift
airfoil:

Airfoil A: kl = 10, k2—-5, yielding:
qM=2744, qm=0296, 0 = 62 7teg, C=0 37,

CL=5.1 at a=140teg
with the resulting pressure distribution shown in Fig 5
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Airfoil B: kj = 20, k2 =± - 5, yielding:

qM=2241, qm=0466t 0=

CL=3.6 at a=5Pdeg

with the resulting pressure distribution shown in Fig 6.

separation can be expected to be wholly avoided In terms of

AirfoilC: =-5 yielding:

qm=0636, {=0 775,

at a=53deg

with the resulting pressure distribution shown in Fig 7. In the
above qM and qm are the maximum and minimum constant
speeds on the flat roof-top^ segments of upper and lower
surfaces, respectively, and f is the thickness ratio; that is,
*='max/c. These three airfoils of the first family with cusped
trailing edges have three important characteristics:

1) Extensive regions (>0.7c) of constant high suction on the
upper surface and less extensive but significant stretches of
constant relatively high pressures on the lower surface

2) A maximum thickness positioned aft to the midchord
3) A significant 0 1(0. 2c)| extent of the rear upper surface

sloping down at constant inclination #, right down to the
trailing edge. -*

The first two characteristics are important and justify the
expectation of the airfoils being high-lift and low-drag sec-
tions the third characteristic suggests that, in the three cases
presented, the rear part of fhe airfoil performs
aerodynamically in a fashion similar to that of a deflected
flap in a conventional airfoil and that, hence, at the higher
values of 0, separation may be expected to occur at a point
just downstream of B, with or without the formation of a
separation bubble.

Boundary Layer Control at Separation Point
Depending mainly on the Reynolds number of the flow, the

boundary layer at B on the upper surface can be either still
laminar or, having transmitted to turbulence earlier at a point
upstream 6f B, to be already turbulent at B In either case,
because of the onset of a sudden adverse pressure gradient at
B, flow separation is likely to occur, when it does, just
downstream of that point, unless a procedure, yielding
gradual (Stratford) pressure recovery over the tail end of the
upper surface of the airfoil, were incorporated in the
technique of airfoil genesis used, such as has been done by
Liebeck et al.,4 6 or, where the need may arise (as at the higher
values of 0), re energizing the boundary layer at that point by
jet blowing By the provision of a well-defined point at, or
shortly beyond which, separation must, when it does, occur
first and of an extensive, large, and constant pressure dif
ferential between upper and lower surfaces across the airfoil
chord, this design method provides, when needed, a natural
means of boundary-layer blowing by use of these stable and
well-defined, high-pressure differentials Thus, a suitably
designed duct leading from any convenient inlet area on the
lower surface between D and C(7) to a slot at point B> on the
upper surface, discharging a relatively high-energy jet
tangentially over BT, would completely inhibit the onset of
separation provided the blowing coefficient C^ is adequate
Reference 10 provides a simple empirically based criterion
backed by observations of boundary layer control ex
periments at NASA, NPL, and ONERA, for the achievement
of this aim Thus, if

pUjh >00/5tan0 (24)

where ft is the "flap" deflection angle, Uj the jet blowing
speed, and h the slot width at B, c being the airfoil chord,

airfoil characteristics, CM can be written as

(25)

where k is the slot outlet to duct inlet area ratio, whose square
will be a small quantity and h = hlc A comparison of Eqs
(24) and (25) gives the slot width required at B to avoid
separation as

0 Q75tang
(26)

Since 2(Cp/w -CPt/M)/tan/3 is of order 10, in the three cases
studied, any1/* larger than say 0 002 (allowing for duct losses)
would be adequate for the purpose, a reasonable and
technically practicable value It may also be noted that,
although not worked out here, where only airfoils with
rounded leading edges have been examined, airfoils with
sharp leading edges (leading edge angle y < ir) can be obtained
in an identical fashion by the present method But these are
perhaps more suitable as cascade-blading profiles and hence
more relevant to a very similar procedure applicable for the
desijgn of such airfoils in cascades, not described explicitly
here For these airfoils, which would be suitable as efficient
profiles for compressor or turbine blading, the flow within a
polygonal boundary in the f/ plane would be that from a
source to a sink with associated circulations It is to the
concept of an isolated airfoil, represented by a doublet-vortex
combination in the hodograph plane, as the limiting case of a
normal cascade of airfoils of infinite pitch, represented by a
coalescing source-sink pair in the hodograph plane, that an
interesting interpretation can be put on the relationship, Eq
(4). In compressible flow, with the fluid density p variable,
that relationship takes the form r=jLt/p00, as dimensional
considerations or the definitions of source-sink strength vs
vortex strength would show,. If, in addition, the unperturbed
velocity at infinity were taken not as the standard (unit) speed,
but were denoted by £/«,, then Eq (4) could be rewritten for
the compressible (subsonic case) as

that is, by Eq (11),

= lim
m— oo
dt-0

The right-hand side represents the change in momentum
normal to the direction of £/«, of the infinite mass of fluid
flowing every second past an isolated airfoil; that is, it is
equivalent to the lift experienced by the airfoil and
L=p00U00T at all (subsonic) speeds and acts normal to the
direction of the unperturbed speed

Conclusions
The ease with which the three airfoils were derived, using a

relatively rudimentary desk calculator, suggests that a
straightforward computational procedure could be initiated
with modest time outlay on any of the larger computers in
common use today to synthesize rapidly sets of such high lift
airfoils covering a useful range of possible angles of attack
and thickness ratios For the airfoil families computed here,
for example, a particular set (k t k2 •} describing a
hodograph configuration, would result in a single high lift
flat rooftop airfoil with the particular angle of attack,
thickness ratio, and 0 angle corresponding to that con
figuration
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The method of isolated airfoil design presented provides a
means of obtaining high lift sections, with extensive
peripheral areas with laminar wing characteristics As such,
the associated frictional drag should be correspondingly low
This drag and especially the attendant form drag can be
expected to be reduced, where needed, by a natural (i.e ,
involving no supporting mechanical device) in built boun
dary layer blowing capability which is one of the features of
the design method, and which could be used to inhibit any
flow separation tendency over any sharply "sloping away"
aft section of the upper surface The considerable "thickness
ratio" range and type variety achievable suggest that lists of
ready made computed profiles for families of such airfoils
could be useful in enabling a suitable choice to be made of
high lift profiles for a variety of purposes, such as propeller
sections and glider and other wing sections
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AERODYNAMIC HEATING AND
THERMAL PROTECTION SYSTEMS—v. 59

HEAT TRANSFER AND
THERMAL CONTROL SYSTEMS—v. 60

Edited by Leroy S Fletcher, University of Virginia

The science and technology of heat transfer constitute an established and well formed discipline. Although one would
expect relatively little change in the heat transfer field in view of its apparent maturity, it so happens that new develop
ments are taking place rapidly in certain branches of heat transfer as a result of the demands of rocket and spacecraft
design The established 'textbook theories of radiation convection and conduction simply do not encompass the un
derstanding required to deal with the advanced problems raised by rocket and spacecraft conditions Moreover research
engineers concerned with such problems have discovered that it is necessary to clarify some fundamental processes in the
physics of matter and radiation before acceptable technological solutions can be produced As a result these advanced
topics in heat transfer have been given a new name in order to characterize both the fundamental science involved and the
quantitative nature of the investigation The name is Thermophysics Any heat transfer engineer who wishes to be able to
cope with advanced problems in heat transfer, in radiation in convection or in conduction whether for spacecraft design
or for any other technical purpose, must acquire some knowledge of this new field

Volume 59 and Volume 60 of the Series offer a coordinated series of original papers representing some of the latest
developments in the field In Volume 59 the topics covered are 1) The Aerothermal Environment, particularly
aerodynamic heating combined with radiation exchange and chemical reaction; 2) Plume Radiation with special reference
to the emissions characteristic of the jet components; and 3) Thermal Protection Systems especially for intense heating
conditions Volume 60 is concerned with: 1) Heat Pipes a widely used but rather intricate means for internal temperature
control; 2) Heat Transfer especially in complex situations; and 3) Thermal Control Systems a description of sophisticated
systems designed to control the flow of heat within a vehicle so as to maintain a specified temperature environment

Volume59—432pp 6x9 illus $20 00Mem $15 00List
Volume 60—398pp 6 x 9 illus $20 00 Mem $35 00 List
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