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SUPERSONIC DIFFUSER 

CROSS-REFERENCE TO RELATED 
APPLICATION 

[0001] This application is a continuation-in-part of appli 
cation Ser. No. 10/874,040, ?led Jun. 22, 2004. 

TECHNICAL FIELD 

[0002] This application relates to diffusers and, more par 
ticularly, to a design for an e?icient supersonic diffuser. 

BACKGROUND 

[0003] Supersonic diffusers have a variety of applications: 
Wind tunnels, ground testing of high altitude rocket engines, 
engine inlet for supersonic aircraft, and any supersonic device 
that operates at a static pressure beloW ambient. One such 
device is the continuous Wave (cW) supersonic chemical laser. 
While the present invention focuses on this last application, it 
may be applicable to other supersonic ?oWs Where a diffuser 
is required. 
[0004] A supersonic ?oW, Where the pressure is beloW 
ambient, occurs in the laser cavity of a cW chemical laser. CW 
chemical lasers involve a steady, supersonic, loW-pressure 
gaseous ?oW inside the laser cavity. In fact, all high-perfor 
mance cW chemical lasers operate supersonically With a laser 
cavity pressure of a feW Torr. For example, a chemical oxy 
gen-iodine laser (COIL) typically operates in the 1 to 10 Torr 
range, although pressures as high as 20 Torr may be possible. 
A pressure value above about 4 Torr usually is achieved by 
adding diluent gas to the singlet oxygen generator (SOG) that 
drives the COIL device. A diffuser is then used to increase the 
device’s exit pressure. If this exit pressure is still beloW ambi 
ent, the diffuser is folloWed by a pumping system that typi 
cally consists of mechanical pumps or an ejector system. In 
specialiZed cases, chemical pumping may be used. 
[0005] The type of high-performance laser under consider 
ation might be mounted on a motoriZed vehicle, naval vessel, 
or on an aircraft. It requires a pressure recovery system to 
increase the pressure of the high-speed, spent laser e?luent 
from its several Torr value to a pressure level slightly above 
ambient. At sea level, ambient pressure is about 760 Torr, 
While ambient pressure for an aircraft at a 40,000 foot altitude 
Would be about 141 Torr. In any case, the siZe and Weight of 
the pressure recovery system is of crucial importance for the 
viability of the overall laser system. It is thus important that 
the pressure recovery system be as compact and lightWeight 
as possible for the intended application. 
[0006] Diffusers are common devices Whose function is to 
convert as much as possible of the kinetic energy of a ?uid, at 
the inlet of the diffuser, into an increased value for the pres 
sure of the ?uid at the device exit. The exit pressure, Pr, is 
referred to as the recovered pressure. Diffusers come in tWo 
categories, depending on Whether the inlet ?oW is subsonic or 
supersonic. Supersonic diffusers are bulky and generally very 
ine?icient, especially When their inlet Mach number is large. 
[0007] Diffusers used for chemical lasers generally consist 
of a converging supersonic section, folloWed by a throat 
region, Which is then folloWed by a sloWly diverging subsonic 
diffuser. The throat region and subsonic section can be 
lengthy. Most of the pressure increase occurs in the throat 
region, Which is a duct containing a system of oblique shock 
Waves. A subsonic diffuser, in order to avoid boundary-layer 
separation, increases its cross-sectional area gradually. This 
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subsonic section only provides a modest amount of pressure 
recovery, typically less than 10% of the overall value of a 
supersonic/ subsonic diffuser. For reasons of compactness, 
the subsonic portion of the diffuser may be attenuated or even 
bypassed. 
[0008] An oblique shock system generally starts at the dif 
fuser’s inlet and continues into the throat section. Most of the 
static pressure increase stems from the shock system and not 
from an isentropic process. By contrast, the stagnation pres 
sure steadily decreases through the shock system. The overall 
decrease in the stagnation pressure of a diffuser is of crucial 
importance. At the exit, Where the Mach number is small 
compared to unity, the recovered (static) pressure is essen 
tially the stagnation pressure. A diffuser’s e?iciency is, there 
fore, just the ratio of the exit to inlet stagnation pressures. At 
a supersonic inlet, the stagnation pressure signi?cantly 
exceeds the static pressure. For steady, isentropic ?oW, the 
stagnation pressure is a constant, and the diffuser’s second 
laW ef?ciency is thus 100%. 
[0009] The standard pressure recovery system for any 
supersonic gas ?oW Would be a supersonic/ subsonic diffuser 
as is commonly used With a Wind tunnel. Common to such 
diffusers is a poor ef?ciency because an oblique shock system 
is present inside the supersonic section, including the throat 
section, of the diffuser. The shock system decreases the stag 
nation pressure of the ?oW and causes boundary-layer sepa 
ration. 
[0010] Use of a conventional supersonic/subsonic diffuser 
for a chemical laser has a number of maj or drawbacks, aside 
from its poor ef?ciency. They are bulky, heavy, and for a 
conventional COIL do not provide nearly enough pressure 
recovery, even for aircraft operation of a COIL at a 40,000 
foot altitude. For a conventional COIL system With diluent in 
the SOG and a diffuser, an ejector system is still required for 
an aircraft-based system. Compared to a diffuser, an ejector 
system may be more compact but is heavier, much heavier, as 
the laser run time increases. 

[0011] Accordingly, there is a need for a supersonic dif 
fuser able to provide greater pressure recovery than existing 
diffuser designs While remaining relatively compact and light 
in Weight. 

SUMMARY 

[0012] It is a general object of the present invention to 
provide a pressure-recovery device for a supersonic, continu 
ous Wave gas laser that is capable of recovering the pressure 
of the supersonic ?uid in an ef?cient manner and in a rela 
tively light and compact assembly. This and other objects of 
the present invention are achieved by providing a supersonic 
diffuser having a substantially rectangular inlet. Top and bot 
tom Walls extend from the inlet in the direction of the ?oW of 
gas. The top and bottom Walls are separated by a height (11) at 
the inlet and are connected by tWo side Walls. The side Walls 
are separated by a Width (h) at the inlet, Wherein the ratio of 
height to Width ranges at the inlet from about 0.001 to about 
1. A compression region is formed by the top Wall, bottom 
Wall and side Walls, Wherein said top and bottom Walls either 
are or are not symmetric about a central longitudinal axis of 
the compression region. 
[0013] According to the preferred embodiment of the 
present invention, the supersonic ?oW entering the diffuser is 
substantially free of intense pressure gradients, such as asso 
ciated With shock Waves. 
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[0014] According to a preferred embodiment of the present 
invention, at least a portion of the surfaces of the top, bottom 
and side Walls that contact How of gas are treated to facilitate 
the maintenance of a turbulent boundary layer. 
[0015] According to a preferred embodiment of the present 
invention, the top and bottom Walls are each in the shape of a 
Prandtl-Meyer streamline and the side Walls are substantially 
planar. 
[0016] According to a preferred embodiment of the present 
invention, the top and bottom Walls are each in the shape of a 
lens analogy streamline and the side Walls are substantially 
planar. 
[0017] According to a preferred embodiment of the present 
invention, the diffuser is substantially isentropic in operation. 
[0018] According to a preferred embodiment of the present 
invention, the substantially rectangular inlet is in ?uid com 
munication With an optical chamber of a chemical laser to 
receive the nearly uniform supersonic gas How. 
[0019] According to a preferred embodiment of the present 
invention, the chemical laser is a chemical oxygen-iodine 
laser (COIL). 
[0020] According to a preferred embodiment of the present 
invention, a duct having a rectangular cross section precedes 
the rectangular inlet, the duct for inducing turbulent boundary 
layer How. 
[0021] According to a preferred embodiment of the present 
invention, a shock holder is disposed in a duct doWnstream of 
the compression region, the shock holder for positioning a 
Weak normal shock in the gas How. 
[0022] According to the preferred embodiment of the 
present invention, a plurality of diffusers are stacked in series 
With one another, each of the diffusers being substantially 
similar in construction. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0023] For a more complete understanding of the present 
invention, and the advantages thereof, reference is noW made 
to the folloWing descriptions taken in conjunction With the 
accompanying draWings, in Which: 
[0024] FIG. 1 is schematic diagram of a chemical laser 
system including a diffuser and a Brayton cycle pump. 
[0025] FIG. 2 is a cross section of a Prandtl-Meyer diffuser. 
[0026] FIG. 3 is a diagram shoWing the shape of the loWer 
Wall of a Prandtl-Meyer diffuser. 
[0027] FIG. 4 is a diagram shoWing the transonic region of 
a diffuser. 

[0028] FIG. 5 is a diagram shoWing the shape of the loWer 
Wall of a lens-analogy diffuser. 
[0029] FIG. 6 is a diagram schematically depicting the 
shape of the loWer Wall of tWo lens-analogy diffusers accord 
ing to the present invention in a stacked (serial) relationship or 
orientation. 

DETAILED DESCRIPTION 

[0030] ShoWn in FIG. 1 is a chemical oxygen iodine laser 
(“COIL”) system. A singlet oxygen generator (“SOG”) 12 
generates singlet delta oxygen for the laser. The singlet delta 
oxygen, along With a diluent (collectively “laser gases”) is 
forced from the SOG through the laser noZZle 14. The laser 
gases ?oW through an optical cavity 16 at supersonic velocity 
and at a pressure typically between 1 and 20 Torr. After 
passing through the optical cavity 16, the laser gases con 
tinue, preferably, to a diffuser 18 and a Brayton cycle pump 
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(“BCP”) 22. The preferred Brayton Cycle Pump is disclosed 
in US. patent application Ser. No. 10/874,039, ?led concur 
rently hereWith and entitled “Laser With Brayton Cycle 
Pump.” 
[0031] The diffuser 18 and BCP 22 each act to raise the 
pressure of the effluent stream so that, upon exiting the BCP 
22, the static pressure of the e?luent Will be greater than the 
ambient pressure and the e?luent may be vented. The diffuser 
18 is preferably designed according to the lens analogy or the 
Prandtl-Meyer formulation. 
[0032] An ejector, reciprocating pump or some equivalent 
pressure enhancing device may be used in place of the Bray 
ton cycle pump. In some applications, the diffuser alone may 
increase the pressure above the ambient level, in Which case 
no further pressure enhancement is necessary. The upstream 

?oW entering the diffuser has a velocity $1. The laser gas 
How is generated by the laser noZZle 14 (FIG. 1). The gas 
passes through a nearly constant cross-sectional area laser 
cavity 16 before entering the diffuser. The supersonic diffuser 
according to the present invention has tWo embodiments: one 
designed according to the Prandtl-Meyer (P-M) model and 
one according to the lens analogy (L-A) model. In both 
embodiments, the inlet is rectangular in cross-section, and the 
side Walls of the diffuser are planar and parallel. In the P-M 
embodiment, the upper and loWer or top and bottom Walls are 
not symmetric With respect to each other: they are curved in 
accordance With a Prandtl-Meyer streamline of the How 
through the diffuser. In the L-A embodiment, the top and 
bottom Walls are symmetric With respect to one another and a 
central axis of the diffuser: each Wall is curved in accordance 
With the lens analogy. 
[0033] The determination of the shapes of the sideWalls of 
both the P-M embodiment and the L-A embodiment are 
described beloW. Both embodiments strive to achieve sub 
stantially isentropic operation. 
[0034] FIG. 2 shoWs a diffuser 30 using a P-M compres 
sion. The diffuser is preferably a rectangular conduit With 
height 1 and Width h. The Width h is constant throughout the 
length of the diffuserithat is, the side Walls are parallel. The 
height 1 varies along the length of the diffuser as shoWn in 
FIG. 2 and described beloW. The height at the inlet 33 is 
designated 11 and is generally in the 10-3 h to h range. 
[0035] In order to obtain a nearly isentropic compression, 
With either a P-M or L-A diffuser, it is imperative that the 
supersonic ?oW entering the diffuser be substantially free of 
any intense pressure gradient, such as associated With shock 
Waves. The preferred “Stable/Unstable Optical Cavity Reso 
nator for Laser,” disclosed in US. patent application Ser. No. 
10/874,064, ?led Jun. 22, 2004, is thus Warranted. In this 
disclosure, the supersonic ?oW inside the laser cavity is con 
?ned on all four sides Where the con?ning Walls are designed 
such that shock Waves, or other intense pressure gradients, are 
not generated. 
[0036] There is preferably a short, roughened Wall section 
32 near the diffuser inlet 33 just before the beginning of the 
compression region 34 of the diffuser. The roughened Wall 
section 32 can be used, if needed, to trip the boundary layer 
and helps to ensure a turbulent boundary layer in the diffuser. 
This approach dispenses With the need for boundary-layer 
bleed and/or boundary-layer energiZation that is sometimes 
used to shorten the length of supersonic diffusers and improve 
performance. In addition, the Walls of the entire diffuser 30 
may be roughened. 
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[0037] In FIG. 2, the compression is shown as a centered 
P-M compression. It is not essential that the compression be 
centered; it is, hoWever, convenient. The focal point of the 
compression is above the upper surface 42 and is the origin for 
the x,y coordinate system shoWn in FIG. 2, Where the x axis is 

parallel to $1. The focal point could, alternatively, be located 
beloW surface 44; in this circumstance, the diffuser Would 
curve doWnWard. 

[0038] The compression is bounded by its leading edge 
(LE) and its trailing edge (TE), Which are straight character 
istics of the same family. Along straight characteristic, all 
How properties, such as the pressure and Mach number, are 
constant. Thus, on the LE, the Mach number and pressure are 
M1 and p 1, While on the TE they are M2 and p2. At start-up, a 
normal shock Wave must pass through the system. For this to 
occur, the trailing edge Mach number must exceed unity. For 
this reason, and to avoid unsteady transonic effects in a com 
pressive ?oW, M2 is preferably limited to a minimum value of 
about 1.4. 
[0039] The parameter p. is the Mach angle and is shoWn for 
the LE and the TE. Both Walls are P-M streamlines; conse 
quently, the How betWeen the LE and TE is a simple Wave 
region in Which the straight characteristics pass through the 
origin. The ?oWs up stream and doWnstream of the LE and TE, 
respectively, are uniform ?oWs. The doWnstream How has an 
angle 62 relative to the upstream How. 
[0040] FIG. 3 shoWs the rm coordinates that are used for the 
Wall equations. Note that 11 is measured from the positive 
y-axis. The angular spread of the compression fan is 111-112. 
All lengths, except h, scale With 1 1. Similarly, pressures can be 
normaliZed With p 1 and temperatures With the inlet stagnation 
temperature, To. 
[0041] A non-dimensional evaluation requires only y, M1, 
M2, and yl/ll, Where y is the ratio of speci?c heats, M1 is the 
Mach number at the LE and M2 is the Mach number at the TE. 
Dimensional results also require values forl l, h, p 1, To, and R, 
Where p 1 is the static pressure at LE, To is the inlet stagnation 
temperature, and R is the universal gas constant. 
[0042] The viscosity of the gas at the inlet, 1* 1, only appears 
in the Reynolds number. The tWo Mach numbers are the 
prescribed values across the compression. The y l parameter is 
shoWn in FIG. 2; it has a negative value that must have an 
absolute value greater than 11. 
[0043] The slope (pl) of LE, measured from the x-axis, is 
given by 

A diffuser inlet Reynolds number, based on the 11 length, is 
given by 

[0044] The p0 parameter is the inlet stagnation pressure, 
While p, is an estimate for the recovered pres sure. The normal 
shock recovered pressure is pm, While the 12/11 quantity is the 
area ratio across the compression. The Mach number M3 
occurs just doWnstream of the normal shock; note that 
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[0045] The mass ?oW rate is m. 

[0046] The derivation is outlined for the a and b Walls that 
are streamlines of a centered P-M compression. FIG. 3 shoWs 

the rm velocity components, v, and v”, that satisfy the simple 
Wave region relation 

Where the speed of sound, a, is given by 

2_ p_7_12 7-12 2 (2) 
a —7; — Tqm_ 2 ("r +Vn) 

The maximum speed is 

2 1/2 (3) 

‘1m =[V_IX1] “1 
Where 

-1 
X1 = 1 + VTMIZ 

Combining the above yields 

dv, _ 7-1 1/2 2 21/2 (4) 
T] — (‘1m _ W) 

[0047] Upon integration, We have 

i : sinz (5) 
qm 

[0048] The Z variable is introduced for analytical conve 
nience. It is de?ned by a linear relation With respect to 11 

but is also related to the Mach number by 

0049 The differential e uation for the Wall sha e is q P 

ldr_ _ 2 1/2_ 7+1 1/2 (8) 
7 E” _ cotp _ (M — l) _ —[y—_ l] tanz 
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Equations (6) and (8) can be integrated, to yield 

[0050] (Note that y 1 and l1+yl are negative.) 
[0051] Wall values are evaluated at an arbitrary sequence of 
Mach numbers, given by 

(10) 

Where iIl corresponds to points al and b1, in FIG. 2, and 
i:N+l corresponds to points a2 and b2. The 11,- values are 

Where 

[0052] The tWo Wall shapes are then given by the relations 

Xai:rai Sin 7]» Ym'ITm' CO5 711 (12a) 

Xbi:rbi Sin 7]» ybiIIbi COS Tli (12b) 

Where ral- and rbl. are provided by Eqs. (9a) and (9b). The Walls 
have similar shapes, since they are Prandtl-Meyer stream 
lines. The diagonal distance, L, is the length betWeen points a l 
and b2. It is used as a measure of the longitudinal siZe of the 
diffuser, and is given by 

Note that this estimate does not include a length associated 
With the short throat section. 
[0053] FIG. 4 is a closer vieW ofthe transonic region ofthe 
preferred embodiment of supersonic diffuser according to the 
present invention. DoWnstream of the TE characteristic there 
is a short duct 36 Which is the throat, or transonic, region. The 
cross-sectional area of the duct 36 should gradually increase 
With a Wall slope of about 0.5° to 1°, relative to the direction 
of gas ?oW. This compensates for boundary-layer groWth and 
helps stabiliZe the shock Wave. Inside the duct 36 is a porous 
?brous material 38 reminiscent of the ?lter material used in a 
heating or air-conditioning circuit, but here more open or 
porous. The ?brous material 38 provides a small, distributed 
disturbance that acts as a shock holder for a Weak normal 
shock Wave. Alternatively, several screens (not shoWn) can be 
used as a shock holder. DoWnstream of the ?brous material 38 
is a high Mach number, subsonic ?oW. Additional pressure 
recovery, if needed, can be obtained With a subsonic diffuser 
(not shoWn), Whose length canbe shortened, e.g., using slat or 
vane inserts. 

[0054] The diffuser described above is subject to the fol 
loWing constraints for supersonic diffusers. A near vacuum 
pressure can be used for starting, the boundary layer must be 
turbulent, and the con?guration is designed for a prescribed 
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inlet Mach number. HoWever, in contrast to a conventional 
supersonic diffuser, the diffuser shoWn in FIG. 2 is curved. 
[0055] FIG. 5 shoWs an alternative design for a supersonic 
diffuser that is based on the lens analogy (L-A). The lens 
analogy is based on conceptual similarities betWeen noZZles 
and diffusers in isentropic gas ?oW and What several lenses 
can do With an optical beam. 
[0056] L-A ?oW can be complicated by the presence of a 
limit line. A limit line does not occur in a P-M ?oW. A limit 
line Was discovered With the hodograph transformation. It is 
present When the Jacobian of the transformation is Zero along 
a curve that occurs in both the hodograph and physical planes. 
Because of the Jacobian association, discussion of limit lines 
has generally been restricted to the tWo-dimensional 
hodo graph transformation. The ?uid acceleration is in?nite at 
a limit line. This interpretation alloWs the concept to be 
applied to ?oWs not associated With a hodograph or any other 
type of transformation. It is the in?nite acceleration interpre 
tation that is utiliZed here. 
[0057] In the physical plane, an inviscid ?oW cannot be 
continued across a limit line, i.e., a streamline that encounters 
a limit line Will re?ect off of it by making a 1800 turn. Thus, 
?oWs With a limit line are analytically multi-valued. Limit 
lines are only present in sonic or supersonic ?oWs. 
[0058] A limit line is an analytical phenomenon, someWhat 
analogous to the crossing of Mach lines of the same family. 
Neither is physically possible; inboth cases a major change in 
the ?oW ?eld must occur. Overlapping Mach lines are 
replaced With a shock Wave. Since a limit line only occurs at 
loW supersonic Mach numbers, it can be avoided by termi 
nating the compressive ?oW, Where a limit line can occur, at a 
slightly higher Mach number, thereby leaving the bulk of the 
?oW ?eld unaltered. In contrast to a P-M diffuser, in a L-A 
diffuser the M2 value is not arbitrary. 
[0059] FIG. 5 shoWs the loWer half of a symmetric L-A 
diffuser Where M 1:4, M2:2, and the ratio of speci?c heats, y, 
is 1.4. The M2 value is suf?ciently large such that a limit line 
is not present. FIG. 5 does not shoW the upstream laser or the 
doWnstream throat section. The throat section is similar to the 
throat section of the diffuser discussed above, and is shoWn in 
FIG. 3. The linesA'A and B'B are left-running characteristics, 
While AB' and BC' are right-running characteristics. These 
characteristics separate regions of different ?oW types. 
Upstream of AA' and doWnstream of BC' are uniform ?oW 
regions With Mach numbers M 1 and M2, Where 

as before. 

[0060] Regions A'AB'A' and B'BC'B' are simple Wave 
regions. Region AB'BA is a non-simple Wave region, but is 
easily modeled, since it is a line-source ?oW region Whose 
(suction) origin is the origin of the X,y coordinate system. 
[0061] As is evident in FIG. 5, the Wall 52 has an in?ection 
at point B'. A straight-Wall section that points to the origin of 
the coordinate system can be inserted at point B'. When this is 
done, the pressure gradient along the Wall is discontinuous at 
the tWo points Where the straight and curved Wall sections 
intersect. This discontinuity does not occur When the curved 
Wall sections meet at the in?ection point. Moreover, the dif 
fuser has a minimum length Without straight Wall segments. 
Therefore, a L-A diffuser Without straight Wall sections is 
preferred. 
[0062] Much of the earlier discussion relating to FIGS. 2 
and 3 also applies here. 
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[0063] The shape of the Wall 52 is parametrically given in 
terms of the Mach number. For the Wall betWeen A‘ and B', 

(15c) 

and V is the Prandtl-Meyer function. MB, is the implicit solu 
tion of 

1 (15d) 
V(MB’) = 5W1 + V2) 

[0064] For instance, When MIMI, We obtain 

01:0 (16a) 

26] __1 U2 1 (16b) 
I _ 2121 + 4] 

_ 1 (169) 

I _ _2 

Where the yl value is the vertical coordinate of point A‘. 
[0065] For the Wall betWeen points B' and C', We have 

1 +11/121 6111 17 
x _ [51% y y [—cos0 + (q? — 0)(sin0 + Z1/2cos0)] ( a) 

1 +11/121 91)] 17b 
y y [sin0+(¢—0)(cos0+Zl/2sin0)] ( ) 

Where 

1<M,<M2sMsMB/ (18a) 

0=v(M)-v2 (18b) 

and MI is the limit line Mach number, given by 

23/2 (180) 
F W + WM!) = V1 

[0066] For instance, When M:M2, We obtain 

02 = 0 (19a) 

X2 1 1/2 1 (19b) 
_ = _ Z _ _ 12 Z( 2 615} 
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-continued 

yz 1 (19C) 
[2 2 

Where the y2 value is the vertical coordinate of point C'. 
[0067] Both Eqs. (14) and (17) hold When MIME’, as is 
evident since 03, equals 4). The length of the diffuser is given 
by 

Three cases are evaluated for each approach, see Table 1 . The 

speci?c heat ratio is 1.4, and the M1 values span a range 
expected for COIL. 

TABLE 1 

Performance Sumrngg 

d(p/po) 

Type M1 M2 m T1nr L/l1 d(s/ mm 

P-M 2.5 1.4 0.9582 0.4990 3.576 0.4334 
3.5 14 0.9582 0.2129 5.228 1.116 
4.5 1.4 0.9582 0.0917 6.755 28.62 

L-A 2.5 1.3 0.9794 0.4990 2.349 6.278 
3.5 1 5 0.9298 0.2129 2.790 13.94 
4.5 1 7 0.8557 0.0917 3.224 27.89 

[0068] The only irreversible process stems from the normal 
shock Whose upstream Mach number is M2. Hence 1]”, has a 
constant value for a P-M diffuser. For the L-A diffuser, the 
limit line Mach number values are 1.26, 1.43, or 1.61, respec 
tively, When M1 is 2.5, 3.5, or 4.5. The increasing M2 value 
causes some fall-off in 11,. Nevertheless, both approaches 
provide excellent pressure recovery performance as com 
pared to a conventional diffuser, Whose nominal performance 
is represented by its normal shock recovered pressure e?i 
ciency 11",. When the inlet Mach number is 4.5, the difference 
in recovered pressure, as provided by 11, and 11",, is about an 
order-of-magnitude. 
[0069] Table 1 shoWs that L/ll favors the L-A approach. At 
loWer inlet Mach numbers, the P-M approach is favored for its 
smaller value for the maximum value of the adverse pres sure 
gradient. This changes When M 1:4 .5. Note that the gradient is 
rapidly increasing With M1. The rate of increase is less for the 
L-A diffuser, because M2 is also increasing. Unfortunately, 
the large gradient value occurs Where the Mach number is 
smallest, and, therefore, Where the supersonic boundary layer 
is most prone to separate. 

[0070] In both approaches, the Wall pressure gradient 
increases from a near-Zero value at the inlet to its maximum 
value at the outlet. Most of the increase occurs near the 
doWnstream end of the compression region. This is evident in 
FIG. 5, Where the relatively short B'C' Wall section provides 
much of the Mach number decrease. It is essential that the 
maximum value of the Wall pressure gradient not cause 
boundary-layer separation. This value increases rapidly with 
M1, but M1 is ?xed by the upstream laser system. The maxi 
mum value of the pressure gradient decreases gradually With 
an increasing M2 value for the P-M diffuser, and much more 
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rapidly With an L-A diffuser. Recall that increasing M2 
decreases the diffuser’s e?iciency. Alternatively, a non-cen 
tered P-M compression can be used. 
[0071] A particularly effective approach for decreasing the 
maximum value of the pressure gradient is to use “stacking.” 
In this approach, tWo or more diffusers are in series (outlet of 
?rst diffuser coupled to the inlet of the second), as shoWn 
schematically in FIG. 6. Region 2 has a Mach number noW 
intermediate betWeen M1 and M3. Of course, the length of a 
stacked diffuser exceeds that of a single diffuser operating 
betWeen M l and M3. 
[0072] The foregoing discussion insures that both 
approaches can operate Without boundary-layer separation. 
[0073] A neW approach is introduced for the supersonic 
portion and the doWnstream throat section of a diffuser. 
Supersonic compression is considered using a Prandtl-Meyer 
compression (P-M) or the lens analogy (L-A). In each case, 
the How is shock free With an isentropic compression; the 
engineering logic for this expectation is discussed. A short 
throat section is used, in both cases, that contains a shock 
holder for a Weak normal shock Wave. The inviscid Wall 
design of the supersonic sections is provided. A subsonic 
diffuser may, or may not, be located doWnstream of the throat 
section. The tWo approaches for supersonic compression are 
analytically evaluated using three criteria: the ef?ciency of 
the pressure recovery process, the length of the supersonic 
portion of the diffuser, and the maximum value of the adverse 
pressure gradient along the Wall of the supersonic section. 
Avoidance of a limit line and shock free inlet How can be 
vieWed as additional criteria. Both approaches have compa 
rable ef?ciencies that signi?cantly exceed current practice; 
the recovered pressure is close to its isentropic maximum 
value. A small maximum value for the pressure gradient is 
important for inhibiting turbulent boundary-layer separation. 
In turn, this is essential for the physical realiZation of the 
approach. 
[0074] Having thus described the present invention by ref 
erence to certain of its preferred embodiments, it is noted that 
the embodiments disclosed are illustrative rather than limit 
ing in nature and that a Wide range of variations, modi?ca 
tions, changes and substitutions are contemplated in the fore 
going disclosure and, in some instances, some features of the 
present invention may be employed Without a corresponding 
use of the other features. Many such variations and modi? 
cations may be considered obvious and desirable by those 
skilled in the art based upon a revieW of the foregoing descrip 
tion of preferred embodiments. Accordingly, it is appropriate 
that the appended claims be construed broadly and in a man 
ner consistent With the scope of the invention. 

1. A supersonic diffuser adapted to increase the static pres 
sure of a supersonic How of a gas from a laser having a laser 
cavity and a longitudinal axis, the diffuser comprising: 

a How of the gas output from the laser cavity that is sub 
stantially free of strong pressure gradients; 

a substantially rectangular inlet that receives the gas; 
a top Wall extending from the inlet in the direction of the 
How ofthe gas; 

a bottom Wall extending from the inlet in the direction of 
the How of the gas, said top Wall and said bottom Wall 
separated by a height (11) at the inlet and connected by 
tWo side Walls, said side Walls separated by a Width (h), 
Wherein the ratio of height to Width ranges at the inlet 
from about 0.001 to about 1; and 
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a compression region formed by the top Wall, bottom Wall 
and side Walls, Wherein each of the top and bottom Walls 
are in the shape of a streamline that is asymmetric about 
the longitudinal axis of the diffuser, and Wherein the 
height betWeen the top and bottom Walls decreases along 
at least a portion of the diffuser in the direction of the 
How of the gas at a rate so that the gas is substantially free 
of boundary-layer separation throughout the diffuser. 

2. A supersonic diffuser according to claim 1 Wherein at 
least a portion of the surfaces of the top, bottom and side Walls 
that contact How of gas are treated to facilitate the mainte 
nance of a turbulent boundary layer. 

3. A supersonic diffuser according to claim 1 Wherein the 
top and bottom Walls are each in the shape of a Prandtl-Meyer 
streamline and the side Walls are substantially planar. 

4. (canceled) 
5. (canceled) 
6. A supersonic diffuser according to claim 1, Wherein the 

laser is a chemical oxygen-iodine laser (COIL). 
7. A supersonic diffuser according to claim 1, further com 

prising: 
a duct having a rectangular cross section preceding the 

rectangular inlet and inducing turbulent boundary layer 
How. 

8. A supersonic diffuser according to claim 1, further com 
prising: 

a shock holder in a duct doWnstream of the compression 
region, the shock holder for positioning a Weak normal 
shock in the gas How. 

9. A supersonic diffuser adapted to increase the static pres 
sure of a supersonic How of a gas from a laser having a laser 
cavity and a longitudinal axis, the diffuser comprising: 

a How of the gas output from the laser cavity that is sub 
stantially free of strong pressure gradients; 

a substantially rectangular inlet that receives the gas; 
a top Wall extending from the inlet in the direction of the 
How of the gas; 

a bottom Wall extending from the inlet in the direction of 
the How of the gas, said top Wall and said bottom Wall 
separated by a height (11) at the inlet and connected by 
tWo side Walls, said side Walls separated by a Width (h), 
Wherein the ratio of height to Width ranges at the inlet 
from about 0.001 to about 1; and 

a compression region formed by the top Wall, bottom Wall 
and side Walls, Wherein each of the top and bottom Walls 
are in the shape of a streamline that is symmetric about 
the longitudinal axis of the diffuser, and Wherein the 
height betWeen the top and bottom Walls decreases along 
at least a portion of the diffuser in the direction of the 
How of the gas at a rate so that the gas is substantially free 
of boundary-layer separation throughout the diffuser. 

10. A supersonic diffuser according to claim 9, Wherein at 
least a portion of the surfaces of the top, bottom and side Walls 
that contact the gas stream are treated to facilitate the main 
tenance of a turbulent boundary layer. 

11. A supersonic diffuser according to claim 9, Wherein the 
top and bottom Walls are each in the shape of a lens analogy 
streamline and the side Walls are substantially planar. 

12. (canceled) 
13. (canceled) 
14. A supersonic diffuser according to claim 9, Wherein the 

laser is a chemical oxygen iodine laser (COIL). 
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15. A supersonic diffuser according to claim 9, further 
comprising: 

a duct having a rectangular cross section preceding the 
rectangular inlet and inducing turbulent boundary layer 
How. 

16. A supersonic diffuser according to claim 9, further 
comprising: 

a shock holder in a duct doWnstream of the compression 
region, the shock holder for positioning a Weak normal 
shock in the gas How. 

17. A supersonic diffuser adapted to increase the static 
pressure of a supersonic How of a gas from a laser having a 
laser cavity, the diffuser comprising: 

a ?rst diffuser having an inlet for receiving the gas from the 
laser cavity and an outlet; 

a second diffuser having an inlet in ?uid communication 
With the outlet of the ?rst diffuser, each of the ?rst and 
second diffusers having: 
a longitudinal axis; 
a How of the gas that is substantially free of strong 

pressure gradients; 
a substantially rectangular inlet; 
a top Wall extending from the inlet in the direction of the 
How of gas; 

a bottom Wall extending from the inlet in the direction of 
the How of gas, said top Wall and said bottom Wall 
separated by a height (11) at the inlet and connected by 
tWo side Walls, said side Walls separated by a Width 
(h), Wherein the ratio of height to Width ranges at the 
inlet from about 0.001 to about 1; and 

a compression region formed by the top Wall, bottom 
Wall and side Walls, Wherein each of the top and bot 
tom Walls are in the shape of a streamline that is 
asymmetric about the longitudinal axis of the diffuser, 
and Wherein the height betWeen the top and bottom 
Walls decreases along at least a portion of the diffuser 
in the direction of the How of the gas at a rate so that 
the gas is substantially free of boundary-layer sepa 
ration throughout the diffuser. 

18. The supersonic diffuser according to claim 17 Wherein 
at least a portion of the surfaces of the top, bottom and side 
Walls that contact How of gas are treated to facilitate the 
maintenance of a turbulent boundary layer. 

19. A supersonic diffuser according to claim 17 Wherein 
the top and bottom Walls are each in the shape of a Prandtl 
Meyer streamline and the side Walls are substantially planar. 

20. (canceled) 
21. (canceled) 
22. A supersonic diffuser according to claim 17, Wherein 

the laser is a chemical oxygen-iodine laser (COIL). 
23. A supersonic diffuser according to claim 17, further 

comprising: 
a duct having a rectangular cross section preceding the 

rectangular inlet and inducing turbulent boundary layer 
How. 

24. A supersonic diffuser according to claim 17, further 
comprising: 
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a shock holder in a duct doWnstream of the compression 
region, the shock holder for positioning a Weak normal 
shock in the gas How. 

25. (canceled) 
26. A supersonic diffuser adapted to increase the static 

pressure of a supersonic How of a gas from a laser having a 
laser cavity, the diffuser comprising: 

a ?rst diffuser having an inlet for receiving the gas from the 
laser cavity and an outlet; 

a second diffuser having an inlet in ?uid communication 
With the outlet of the ?rst diffuser, each of the ?rst and 
second diffusers having: 
a longitudinal axis; 
a How of the gas that is substantially free of strong 

pressure gradients and that is substantially free of 
boundary layer separation throughout the diffuser; 

a substantially rectangular inlet; 
a top Wall extending from the inlet in the direction of the 
How of gas; 

a bottom Wall extending from the inlet in the direction of 
the How of gas, said top Wall and said bottom Wall 
separated by a height (11) at the inlet and connected by 
tWo side Walls, said side Walls separated by a Width 
(h), Wherein the ratio of height to Width ranges at the 
inlet from about 0.001 to about 1; and 

a compression region formed by the top Wall, bottom 
Wall and side Walls, Wherein each of the top and bot 
tom Walls are in the shape of a streamline that is 
symmetric about the longitudinal axis of the diffuser, 
and Wherein the height betWeen the top and bottom 
Walls decreases along at least a portion of the diffuser 
in the direction of the How of the gas at a rate so that 
the gas is substantially free of boundary-layer sepa 
ration throughout the diffuser. 

27. A supersonic diffuser according to claim 26, Wherein at 
least a portion of the surfaces of the top, bottom and side Walls 
that contact the gas stream are treated to facilitate the main 
tenance of a turbulent boundary layer. 

28. A supersonic diffuser according to claim 26, Wherein 
the top and bottom Walls are each in the shape of a lens 
analogy streamline and the side Walls are substantially planar. 

29. (canceled) 
30. (canceled) 
31. A supersonic diffuser according to claim 26, Wherein 

the laser is a chemical oxygen iodine laser (COIL). 
32. A supersonic diffuser according to claim 26, further 

comprising: 
a duct having a rectangular cross section preceding the 

rectangular inlet and inducing turbulent boundary layer 
How. 

33. A supersonic diffuser according to claim 26, further 
comprising: 

a shock holder in a duct doWnstream of the compression 
region, the shock holder for positioning a Weak normal 
shock in the gas How. 

34. (canceled) 


