US 20220412709A1

Dec. 29, 2022

No.: US 2022/0412709 A1l

. Date

(43) Pub

a2y Patent Application Publication o) Pub
Lapsa et al.

a9y United States

ification

Class

tion

1Ca

Publ

(54) ACTIVELY-COOLED HEAT SHIELD

SYSTEM AND VEHICLE INCLUDING THE

SAMLE

(51) Int. CL.

01)

(2006

F42B 15/34

(52) U.S. CL

Inc.,

ies,

STOKE Space Technolog
Kent, WA (US)

Applicant

(71)

cerervrnrnienneenesenennnnnnnnee. 428 15/34 (2013.01)

CPC

ABSTRACT

(57)

2

Andrew Lapsa, Seattle, WA (US)

Inventors

(72)

ludes a heat shield,

a tank, a pump, a heat exchanger, and a turbine. The heat
shield defines a windward side of a vehicle. The tank stores

An actively-cooled heat shield system 1nc

Thomas Feldman, Kent, WA (US)

17/756,548

Appl. No.

(21)

a coolant. The pump receives the coolant from the tank and
outputs a pressurized coolant. The heat exchanger 1s 1nte-

Aug. 27, 2020

(22) PCT Filed

grally connected with the heat shield. The heat exchanger

d coolant from the pump, transiers
shield to the pressurized coolant to

|QVAS

the pressu
heat from the heat

PCT/US2020/048226 receives

(86) PCT No.

1

§ 371 (c)(1),
(2) Date

generate a heated fluid, and outputs the heated fluid. The

-

nlet

let, a shaft, and an outlet. The

1n

ludes an
the heated fluid output from the heat exchanger. The

1nc 1mc

turb

May 26, 2022

reCCives

he

blades.

11nC

blades. T

1nc

ludes turb

tates and powers the pump when the heated flu

1

1ncC

led to the pump and
d from the heat exchanger acts on the turb

T 1S coup
T ro

-

S1d

-

S11d

receive
The outlet outputs the heated flu

filed on Dec.

3

2

Data
386

ion
62/942

t

Related U.S. Applica

(60) Provisional application No.
3, 2019.

3

PR N

A4

»

N .
» N l. -,
* & & x ey

® [l o e Fupl Uy » i

. .—.._.r.._.._1.r._1.r....r........................................r....q.......q-_“..._.. A
Ll s g R

L e I .
N Wy ar ar e  a aa a 1

ra -“ - “ e .....__..4._._“ '

" Eom Ak bk & d dede o dp dp o dp e dp o dp o dp A i "

a

i &
o]

e e o e o T e T e e

¥
Fa)

._
P L e
> B e e e e e T e  a T e T T .
PRI T I I T i el i iyt iy o
) et a e e e e e e T a a a  a a  Ta a
Pl et I T T o o L L N
L) Pl el U sl Pl et waw  wa a ae Ta a a a aa a Tarae a Tara  Ta Ta  wa
.-"-. e  a alaly e e e e e e e A e e T e N e
e q-_"-. ____.__.4.4H&H#H&H;H...H&H;H...H&H&H...H& M LT e e e -”b”u“u“t“ t”tHtHtHu_.H*H.,_.HkH.,_.H.,_.H#HkH#H#H&.H#H&H&.H#H&H;“._ o
Ll G e e e e e T e e g a aa o T o T e T T e T T
Ea et s et sl s e sl el AL N N N I o o vl a P
P A Al ST T a e e e T e T e e T e e e e
P il N I R A e A T ae o e a T T a T T T e
Lt et s e alal sy et T . a e e e  a a a  Ta a  Ta a  a a  T  e
L C LAl Al 3N T T T e N N N N N IO TR
R R T R e e S R S S e e e T St i
P I i i e T T T I e e e R S e e e e e e e e e T B e i ™ R
N R N N T T T T I e e S e e e S e i ey o U
Pl el T T T T I T T T o el e e e e e e Sl S S B e A SR
.-..-..-..-..-..-..-..-.l..-..-..-..-..-..-..-..-..-. & W . T T T T T et Tt Tl Sl T Tl S e e e S S ....####k###########k####ii...._..n
Pl 3 et 2y e e e T
B E el s s el o N L N
" el el A A
- Pl s S L M M
. el s A e A e T T e e e e e
Fo M sl sl el e s e e
A ey e T e T a  a a  Ta Ta e T T
.._-"-__-._-_.__..__..__..__..__..__..__. e e T e o e T e e T e e e e
. Lt Al el ) N e A A T e T o T e T e T T T
. PN St} LT, e o e T o e T e o e e T T e
Ll Y LT ..n._u_.._h_._u_.__h_..u_._1r._1r.r.,_..ru......,_.._,.#...k....,_.._,..,_.._,.u_....*._,..,_.kk#kk#kk#kk#.qk#&kkk&#ﬁ“}..
» .. LLtLt st . "Lt LTt L LT - .__i.__.__.._.__.._.__.._.__.._.r.r.r.r.r.r.r.r.r.........-...........-...........-...........-......#######################4
aaaaa aa  Ta  a e a
N N N N N NN NN
w T e T a a a a a  Ta a ae Ta a
a T e e e e T e  a a e Taae e T
P S Sl e el Tl St S Sl Sy S Sl
2 h B S b g de O dr dp dr dp dp de de dp Jp iy dp
R NN AL AL L NN A A NN M
T T T S T T T S e e i i i P O

" .n.nnnnnnnn.__.._.._.._“.._”.__”.._ ”...H....r.r.r........l”.-.”t” ” .r.._..r x #}.H#”#”...Ht”k”k”k”#.-_
O ) .........-..-_.r.-..__ a A ......_..... e ¥

r
r
i
i

ir & bk b b oS ok b o koS0

L
L4

- &
o h
. a ah
. . a & &
. L P
- B o & A b b A Ak kM i bk kA
- ok & b &k k&
na . ks h kA A M d A d d d o dd e
N AN EEN]
r i o h b S o odr A ki i ko i ko N
a2 kA kN Ak

F
[
i
F3
[
[
r
[
[

ok Ak

r
r
L]

L
.
*
L)
[
[
L]
[
[
L]
[
[
L]
[
[
L]
[
[
L]
L

L
-
b-l'
¥
[
§
[
[
r
[
[
r
[
[
r
[
[
r
.
.
e
.
.
:..
*\'
L}
r
L}
L}
r
L}
r
¥
|

'|.'|
»
.
]
"
"
]
"
"
L]
L
L]
L]
L
L]
L]
L
L]
L]
L
L]
L)
L]

[l Ul Ul Ut
-
»
u
[
r
[
[
r
[
[
r
[
[
r
[
L
r
r
L
r
r
X

e e e .

.
(o
.
L
»
.
r
"
"
r
"
"
r
"
"
r
"
r
r
r
r
r
r
r
]

P LT L T L, . B o T A S S S S e N A S e R e & % 2 2 e e e ]
. L. e e R S S e SN S Sy S S S Rl g ' o o R
T T T T T T T T T T, ' RN NN s o
A R I Sl S S g s .y g g g Coy Lo g
. - e L
L T i oo b bk d ke ke A d dr de b e b ke de d g dr
. . e T, el -

L]
"

.
»
L]

¥
r
N

L)

r
*

1
[ ]
L]
r

'r.,:

.
o
F*

| B

[ T T o ot 2 & b & & b & & S Jr 4 M Jr 4 Jr Jr Jr Jp Jp

L R L T T I e

L A R R N T T T Jd Ak & A d M d d b b d A b b Ak

modr a omor o oror A Eor . e e e w A d b b dr e dr dr e Jr O O Jr Jp o Jp dr O Jp dr B

N L R R A R T ok Ak M M A M b b de b e bod b ok d ke

L R R T T R ot e de Jr dr O G 0 O 0e Je Jp Jp dp dp dp 4r dp 4 dr

L T T R .k & & & b dr O b dr O Jp dp Or dp dp Or dp dp O O W

Fd owowmorror e T e B i b b b dr de b b e b b dp brodr de b o X &

P T T T wh b ko dr S Jr S O 0 0 O Jpo dp dp dp dp dp dr r dp

L Mk dr Jr d Jr O dr Jr O O Jp Jp dp dp Or dr dp dr o

P a o or o ka0 ok k& d d d d b b b b b dr b b dr b i

ndmomrororo.ow a . 0 0. T de S O G b e de dr Je Jp dp dp dp dr dr dp o o o W

T L B B dr Jr dr dr Jr dr O Jr Jr o dp Jp Jr dp Jr o ok ok oF dp Jp

L N N Y n il kA b e de M b e dp o dr b A dr e o o i kb &

P a o r o oA Wi O d dr de de de dp dr dr dp dr e o ok i 0 dp dp

r b a2 mrrr. ndair ol b b S dr 4 dr Jr o dp dp o dr dr o gk e ol dp Jr dp o dp dr Y

rd a o oror o . o mdraor . . ok dd o d de b e Jp drodp ok % i e dp ok dr b &

rdr a m rr 1 or ka w it dr d b e de dr dr dr o i W it i dr dr dr dr i i dp

R N R R @ e ar U dp iy W i e dr dp dpdpody iy dp i

P R R o AN N N

B R N R T I I I e

el W e dr dr dr e e dp de dp iy dpodp e e iy e e i B

L R e N N

W ad e ap A dp iy p dp o dp e dp e ey e iy ek

Wl dr dp dp o dp o dr dr dp dp dp dp e i iy dp e e e e i el a W
a3l

N

. .-_.....-_.-.n ettt .r.r.r.r.r.r.r.r.r.r#################&##}.#JI
e e N N T N ML N N N NN M B L e MM M B A
. 2 h & b & & A & b d e o do de Jpodp dp dp dro dp Jp dp dp dp ip

A k4 k& & & & d dr & b dr & Jp dp Jr Jdp dp Jr Jr dp dp dp &
D e el o
N N N N S NN M 2 AL AL
N )

R e e
R o sl )

.__..r.-......._.._.._.._.._.r.r.r.r.r.r.r.r.r.r.r.;..;.#.;..;.###}.}.#}.j.

Ak A e d d d e X d oy dr dd e
PO S N S .r.__.r.__.r.r.rt.r.rt.r.rt.r.r#&.#####&.####### iy

o .._.._..1.._..1.._._1.._..1.._..1.._.r.r.r.r.r.r.t.r.r.r..........._............................. ) .
.__.r.-..-......r.r.r.r.r.r.r.r.r........................ EY

& e a T a ar iy iy

o
X Ak a ke dr ki
I e

1



US 2022/0412709 Al

Dec. 29, 2022 Sheet 1 of 2

Patent Application Publication

3

] )
el
&”..“.4”.4
At
Pl
..q“...u.a”.q“.qu.q”.q“...”# pex
- gl i e
P
Tt N N
BT e P AL Ly
At Xt Ml A .
r o -
"k X ._._.4”.__“.4 .4.4...“.4”.4“.4?”.4“ Ly e * .r.—....rH.r....r....r....r....r....r....r....ru.r....._”.._.._..___.. -
* T S 3 N
. AL ..1.r.r.r.r......_.......1kt#k#k#t#k#k#t#k#k#k#.—.#l TR
a - ..1.r.r.r.r.r.._..r.._..r....r....r....r....r....r....r....r....r..........;.....-.l..-. x5 .- .
T e e A
e
At e T e e .
T N
aa aw .r.r.r.r.....r.r..1......_..._..r.._.t#k#k#t#k#k###k#k#t###l.—. T
2 h I S S S S S e e e e e e S
- L] . - * - “ - ”.r ”.' ”.r ”.TH.'b-.T”.Tb-.'-b-.Tb-.T*.'b-.'*.'*.'*.'*b-*.'*****}-‘*}- ! -
R R ” .“ .“lnn.._ .__.._.__.__.._.__.r.rH..1.r..1H.rH.rH..1H.rH..1H.TH&H&H&H&H&H#H#H#”##!H#. .
e e e e e e e e e e e .__.__..1.r.r.r..1.r..1.r.._..._..._..r.._.._...._..r.._......._..r..........r....r....r....;.....r..........;...........-..-.-_ix_-.. a .
A RN ii.__.._.__.._.__.._.r.._.r.r.r.r.r.r.....r.-...r.....r.....r.-...r.....r#t#k#k#t#############iij..... ..
R R R R S R innl.__.__.._n.._.._.._.._.r..1.r.r.r.r.r..1......_.......1......1.....r......_..._...1....r....r..........r.................................l..-.ll...-.. o
e T A R e e e e e e e e e e T e e e e T e S A
e e e
L e
X e e e
Tatal el rtkt....tkt...tHtHthHthHthHtH#H#H#H&H;H “.q.r..._
Tatal S S I T I o o e el e e i i M
Fatatata e e e e e e e T e e e e
W I I I T T ol e
.-..-_.-.l.-.l. aau w s .r..1.r.v.r.r....t.._..v....r....r....v....r....t....k....r....r i a e o Pty
.-..-_.-..-..-..-. P S T Tl R S e i e i .r.....r......_......r.........r.r
- rd de de de A
onn X Ak

12

L]
*
L K

[l o e S S e T T
& kX Kk kN
ey
LY

‘..

LR "

Il I.-_I-.- ll

' Y o P I T T N N N o
1 ' # h m h h ok bk &k k h kS b b b dod A
o r & r I O O T T L o
' ¥ . ' ' g a b a b & & & & bk b A Mk M od d oA ki
T Y ' ' . r a kA Mk d k Jed b b b b dp d o d
o a . N N N W N N e
roa ) r Bk &k h kb S o d o d de de dr dr dr 0 dr 4 dr
ra Y r Jpkh a2 m h h k& k k h kM b dd ik
roa - x ' ' w2 b bk b ok bk bl i i ki
a . X . N 'Y ¥ v
koaor o1 kr r ' I I A e el
LRI N e R T N N N N o x
r roroa oo ' -
1....._.._1 ok . . .__.l_un.._.._.._.._.._.._.......r..........r....r....r....r....r.r.r.r.r.r”.r .r.....r.r.r H.JPHH
. " r ora r ' .
Faroa ke . ....i.._ e i i PN .....r HFHFHHHHHHHHHHI i.-.l.-..-_.-.
b ar wip onr ' N T T R I e e o e e ]
koA ek K .. T NN
. a ' P T
Sk k1 deoaa r B e R e ....l HHHHHHHHHHHHHHI .-..-.l.-.
rh ondp . ko r I i S e o o o ]
rAd Fkar bk EE XN [
ey xR -
"k Er
P

T
)

o I I e

N N R R R R e i T Sl Sl Sy
R R e
C e e e e - .-..__.__.r.__.r.._.r.r.r.r.r.r.r.r.:..r.;..r.;..rb..r.;..r.;..rb.##...b.#b.#}.b.}.
.............r.-_....t.-.r.r.v.r.t.v.r.r....r...............l
B N el

o Bk h d b o ded b de e de de de dp o dp drodp ok o B
LN N e o o o N
B N Sl B N
P R oL R e Nl e e
c T e e e e e e e Uy e e 0 e b
R e N N
R P R
I e
R N N N

o o

“aw .-....._._H.q”._...q.......... e

A,

r ...-.”n “.._ “ - H.._ ”.._ H.._ H.._ ”.r”.rH.r”.r.r.rHt#t#t###t####&###&.#&##l
. __.._..-..-.h .._.._.._.._.._.._.r.__.r.r.r.....r .r....r....r.................................................-.l

ntn...”...”.a....___

B ko X

.k

Cal

& W i

Fatal

oo

P T T T T R i i d X .r.r.r......_.r.._l_.._
e e e e e e e T e n.._n.._.._..1.__.....r.v.....v.....r.r.v.r.r...t.r'....ltl‘ll.-.'
R PR e e e
N m s oa kb b b b N e Wk K N N odrodr
' P r e E n s bk a k om dy ¥ d Ak dod ki
P T T T T T T ] x e B W b b b i Ao
P r o " m o B bk & b b b b b ko
I T T T T T T S ] m o oaq @WK & dodr & X dr i i i i
' ' R nor o i Bk d dodod e dr 0 dr dp dp
' P r o ok r e o omom onom b b b o dp d dodr drodr dr i
R R b kb d b Mo dp o dp dp b odr 0 0 0
I R T R R o e e g ™

' P ror 1 1 ) m ek bl de el i b i
P T R R R I L o T o g )
T s i e o ek kb b b Mo de de de dpodr B 0 dr dp 0
s s T T e s kb b b b b b b dr b 0 0o dp ki

. . s a1 4 1 . a e s dr & d b de de dr 0 dp dp dp dr dr dr i X
N X A A g

e . ok b b b b b b o d bk b b b dr b b b ki

T T il dr dr de O de e de 0r dr dp dp dp dr Jr dr i i i

N N .r.r.rt....r.r.r.......;..r.........t}................}....}....}.

) a 2k hr h b dr o dr de de de b B b 0 & 4 0

1

FIG. 1



US 2022/0412709 Al

Dec. 29, 2022 Sheet 2 of 2

Patent Application Publication

K L
L I BT R R R I I |
F I A TP R T R
A & & & & a

&

a & & &
I ]

&
i &
L]

o
&
o
o
&
o
o
&
o
o
l.rl.rl.rl.rl.rI.rl.rl.rl.rl.rl.rl.rl.rl.rl.rl.rl.f
o
o
&
o
o
&
o
o
Jr

i
r
L.

E I
E I

r

L]

F ik

r

4 & & & & a
&
a & &
L]

-
&
L]

&

LI

A & & &
A 2 h & &

r
i
L.

[ ]

r

E

L .

F

r

s & & & & &2 b & & a2 & a
r b b & b b bk bk &b & &

4 &2 & & & a

E L]

- & 4 & & & & a

I I I )

L]

FFFrFr

r

[ ]
r
[ ]
r
[ ]
r
[ ]
r
[ ]
r
[ ]
r
[ ]
r
[ ]
r
[ ]
r
[ ]
r
bbbbbbbbbbblbbbbb
r
[ ]
r
FFFrr
[ ]
r
[ ]
r
[ ]
r
[ ]
r
L
[ ]

r
r
[
r
r
r
r
r
r
r
r
r
[
r
[ ]
L]
[ ]
r
[ ]
r
r
[
[ ]
r
L]
r
[ ]
r
r
[ ]
[ ]

[ ]
FFF
L
r
r
r
r
r

n

r

r

r

r

r

r

r

r

r

r

r
Frrrrrrr

Frrrrbr irir
[ ]
[ ]

Frrrr
Frrrr
Frrrrbrrir
Frrrrbr irir

[ ]
[ ]
r
[ ]
L
[ ]
r
[ ]
r
[ ]
r
L]
rF r
[ ]
F ek r
r
[ ]
r
[ ]
L]

I.r.rl.rl.rl.rl
A & b 2 h &k oaok

F rrrrbrbrrrir
r

r

a & & & &

&

&
i &
L]

E &
a & & b & &

& L]

b a &k oa

L.
L.
r

F ik

r

-

&
&
E
&
&

LI

A & & & &
A 2 h & &

r
r
i
L.

&
L]

r

E

F
r
r
[ ]
r
[ ]
r
[ ]

E

r
r

a & & b & & a8 & a2 b & s sk adadadad

-
L
L
F
L
L
rF
L
L
F
L
F
[ ]
r
[ [
r r
bb.bbbbbb
L]

LI
Fk
LI
[ |
[
F bk
LI
Fk
LI
F h
h
F bk
F ek r

LI
Fk
LI
F h
h
r

[ ]

[

[ ]

r

[ ]

r

Frrrr

E
&
&

Frrrrbr irir
[ ]

r
rF r

I.r.rl.rl.rl.rl
A & b 2 h &k oaok

F rrrrbrbrrrir

r

a & & & &

&

r

a & & b & &

b a &k oa

&
i &
L]

E
&

r
L.

&

F ik

r

b & & & & & &
&
a &
L]

-
&
L]

LI

a & & h & &
A 2 h & &

Frrrrbrrir

i
L.
[ ]

r

E
- b

&
L]
&
&
L]
&
&
L]
&
&
L]
&

F Fr

F ek r
L .

r

s & & & & &2 b & & a2 & a

r b b & b b bk bk &b & &

a & & b & b a8 & a & &k A & & &
« - & & & & & & & & A&

2 & & 2 & 2 h 2 b a2k ah ah a2k

r & & & & & & & & & &

4 &2 & & & a

E - &

&

L]

&
l.rl.rl.rl.rl.rI.rl.r.rl.rl.rl.rl.rl.rl.rl.rl.rl.rl

L]

&

4 & & & & a
I R I I
A & & & & a
b & & b & oA
a & 2 & 2 h = a
.r.r.r.r.r.r
.r

L]

FFFrFr

r

A & & & &
A &2 & 2 &k a

&

&

r

r

rF

FFF
Frrrrbr irir
Frrrrrrr
r

L

r

r

L]

L

[ ]
r
[ ]
r
[ ]
F rrrrbrbrrrir
r
[ ]
r
[ ]

[ ]
Frrrrbr irir

Frrrr
[ ]
r
LI

r
r

A & b 2 h &k oaok
& &

a & & & &
E
&

& &
& & & &8 & & b & &
L] L]

b a &k oa

r
L.

r

&

r
r

b & & & & & &
&
L]

&
L]
&
&
L]
&
&
L]
&
&

&

rFr ki ir ir

b & & & b &2 & &2 & & b & &k a -

&
L]

F
L.
r

F

A 2 h & &

r
FFrrr

E

L]
&
&
L]
&
&
L]
L]
&
L]
&
&
L]
&

r

F
r

s & & = & &2 b & & 2 & &2 s &k a sk a2k
r b b & b b bk bk &b & &

- & & &

[ ]
r
[ ]
r
[ ]
r
[ ]
r
[ ]
r
[ ]
r
[ ]
r
[ ]
r
[ ]
r
[ ]
r
[ ]
r
[ ]
r
r
[ ]
r
[ ]
r
[ ]

&
L]
&
&
L]

r
L
F

« - & & & & & & & & A&
a & b & b a2 b & b a2 bk a b adh ak

r
[

a b &2 b & &k a a b & b & &

E
&
&
E
&
&
E
&
&
E
&
&
E
&
&
E
&
&
E
&
&
E
&
&
E
&
&
E
&
&
E
&
&
E
&
&
E
&
&
E
&
&
E
&

F bk rbrrbrbrrbrbrrbrbrrbrbrfrbrbrfrbrbrfrbirbrfrbrbrfkbirbrfrbir b fbifffbifirifr ik i

F e rrr

&
L]
&

r
rF
L .

& &

[ ]
r
Frrrirrir
r

r

Ak ko
sk oa a & & u il
]

a b a2 b a2 ko
.r.r.r.r.r.r.r.f.

a b = & b & & & &

I | &

-
LI I
L
FhF
L
Bk
F
L
L
LI )
L
Fh
rF
Bk
L
FhF
L
Bk
F
Fh
L
L ]
F rkrirr r
Fh
F e
Bk
Frrrrr
FhF
Frrrrbrbr rir
Bk
Fh
L ]
L
i
F b
[ ]
r
[ ]

r
rF r

I.r.rl.rl.rl.rl
A & b 2 h &k oaok

r

a & & & &

rF

r
[ ]
r
[ ]
r
[ ]
r
[ ]

i
F rrrrbrrrir
F e br e rbrbrrrrrirrr

F

& & L]
2 & & 2 & &2 bk =2k a2k
r & & & & & & & & & &
a & & & & & E L]
« « & & & b b & bk &k
a & & & & & - a & &2 b & & & & a
r & & & b & & & & & &
a b & b & & & A 2 h & &
o« b b & b & & & koA
s & & = & &2 b & & 2 & &2 s &k s sk a
r b b & b b bk bk &b & &

a b = b 2 & a2

b & & & & & &

L.
L
F

F
r

[ ]
r
[ ]
r
[ ]
r
[ ]
r
[ ]
r
[ ]
r
r
L
[ ]
F
r
[ ]
r
[ ]

« - & & & & & & & & A&
a & b & b a2 b & b a2 bk a b adh ak

r
[

r
r
ke rrbrrbrrbrbrrbrririr

& &
4 & & &2 & & & & & &
. F IO I T T T R R I N B B R R )
a & &2 b & & & & a - a &
b & & & & & b bk s s kA A
2 & &2 b 2 h 2 &k 2 b 2 b ah sk sk adadad

« « & & & & & & & & & & & & & b & b s S s s S s s h s s d s s A SN
s & & & b & b & & & s & = & &2 & & & &2 b &2 h 2 & &2 b a2k a2k =k a
r & & & & b & b b & b &k s & & s s S S kN E sk ks ks s E S Sh
a & 2 & & & 2 & &2 b & & &2 & &2 s a s st st s sk s b s b s sk s dh sk

« « & & & & & & & b & & & & & s b s s h s s h s s E s S E I
2 & & 2 & 2 b 2 b 2 h a s ah ah sk a s sk akad a & a
r & & & & & & & & & & & & & & & & &S S E N E S kS A i &

a & 2 & & & 2 & &2 b & bk &2 b a s adh a s a b & &

. P I I I B B I R T RO T RO T DO R T T R T |

- a & &2 b & & & & a - a & i & &

b & & b b koA & & b & & b oA
& A & b 2 h &k oaok A a b a h oa a h
. & & A & & & & i &
- a & & & & b = &
F I I I ) ) I T T RO T R R ) & &

b & & & & E 4 & & 2 & & & & & - & = E L]
4 & & & & & & & & & b s sk kAo b & & & & E kA
2 & & 2 & 2 b 2 b a2k ah ah ah a A &2 & 2k 2 h =2k a
r & & & & & & & & & & & & b &k hoA b & & & & ks kA
a & & & & & E L] b & & & & & & 4 & & &2 & & & & & E L]
« & & & & b & b b & b & Ak ks E S Eh b & & b b kb ok o&
a & & & & & - a & &2 b & & & & a A & & & & a - -
r & & & & & & & & & & & & b b kS oA b & & b bk N koA
a b & b & & & A 2 h & & A 2 h & & &
« & & & & & & & & & L B B N ) & A & & & & & & &
s & & = & &2 b & & 2 & &2 s &k s sk a 4 & & &2 & & b & & a
rhd b & & b & b b bk b &b ohohh S O I T I I R I I R )
a & & b & b & &k a2 b & s sk adadoa a & & b & h a & a &

« - & & & & & & & & & & & & s s A S S AL E IO I D I B I R I R )
s & & 2 b a2 b & b a bk a b a b abadhada kst ada b ad adoa
r & & & & & & & & & & & & & & & b b kb s ks s ks s A s s kS AN
a & & & & & a & &2 b & &k 2 bk a2 s a sk s d a s s sk a s a s oa

« « & & & & b & b & & & & s & E NS kN ks ks s ks S sSoh
a & & & & &2 b & & & a & & & & & 2 & & & a2 & 4 & & &2 & a

b & & b oA b & & b b koA b & & b oA
a & 2 b 2 & A &2 & 2 h 2 4k = & A &2 & 2 h 2 4k = &

. 4 & & & & & & & & & & & b b ks s ks s kS b & & & & E kA
s & & = & &2 b & & o & &2 b &k sk a2k s h s s 4 & & &2 & & b & & a
rAd b & & & I T T RO T R R
a & & b a2 & & & & &8 & & b & &

« - & & & & E I TEE B B R I
a & & & & b a &k oa
r & & & & & & & F I B I ) &

a & & & & & 4 & & &2 & & & & &

P I N I T I T T DO T R T N I R I R I RN R R I ) F I I T T I )
s & & m & &2 b & & 2 & &2 s & & a2 b a2k sk s a
r & & & & & & & & & b & & b & kS s kS
2 & 2 b 2 h 2 &k 2 b &2 b ah ah ah sl a

« « & & & & & & & b & & & b ks A s s E S
s & & & b & b & & & a & & b &2 & &2 & & &

r & & & & b & b b & b &b s s h S A NSk
a & 2 & & & 2 & &2 b & & 2 bk &2 s sk = doa

« « & & & & b & & b & & & b s s A s s E S oS
a & & A 2 &k 2 & 2 &

r & & A & & & & ok
- & a & = & & & &2 & =

P I I T R I R I R )

- . A a2 &k &
E I h b &
- & a b =k

. & & b & & & b & koA
a =
r & &

- &

« - & &
a =
r & &
- &

. - Ak ok
- . o a & b & & & &
1.r.r.r - b & & & & & & & & & b & koA
-

PR B |
a =
r & &
a &
« - & &
a =
r & &
- &

. i &

E L]
& & &
= = = & a

A 2 m & E A

. BT

i &
4 =

r
[ ]

[ ]
r
r
L
[ ]
r
[ ]
r
[ ]
r

r
[ ]
r
r

F h
L
h
L
F bk
LI A ]
[ ]
F ik
L
[ ]
r
r
F ik

r
r

r
r
[ ]
r
r
[ ]

F

[ ]
r
r
r
[ ]
r
[ ]
r

4 & & &2 & & & & & E LI
& b b b b b b b b & b
A & & & & a a &
b & & & & & & & kA&
h 2 h & b & b a b a2 h .

r
r

- A & & & &
a b &k

L.
FFFrFr

r
r
r

r

r

4 &2 & & & a

E
i &

L]

- &

LS
FFF
r
r

'

[ ]

[ ]

r

[ ]

r

[ ]

r

[ ]
Frrrrrrr
bbbbb

r

L.
L.

L = & = bk a2 &

A a b oa hoa

-
rF
r

Ll = = & &2 & & & & kA &2 & & bk &2 &

LS

L]

r
L.
FFF

A & & & & a

[ ]
r
Frrrrbrrir

[ ]
Frrrrbrrir

&
L]
&
&
L]
&
&
L]

Frrrr

r
r

F h
L

h
L.
F bk
LI
[ ]

r

r
r
[ ]
r
r
[ ]

r
r

[ ]
r
[ ]
r
[ ]
r

Ll -
LI I T T R R T R
a a &

S & ks A ks A o
Ll

r
r

L]
-

r
r

[ ]

L]

[ ]

r

rF bk
FF

F ik

L .

LS
FFF
r
r

4 &2 & & & a

[ ]
r
[ ]

&
L]
&
&

L]

[ ]
[ ]
r
[ ]
r
[ ]
r
[ ]
r
r
[ ]
r

L

]
LI L I I I IR UL DN DN N R B

L.
L.
r
r

[ ]
r
[ ]
r r
Frrrrrrr
[ ] [ ]
L] r
[ ] [ ]

& &

[ ]
Frrrrbrrir

r
r

r
r

[ ]
L]
[ ]
r
[ ]
I
r
[ ]
r

r
r

r
[ ]
r
[ ]

r
r
[ ]

)
& & &

r
r
r

&

a & & b & & &
L]

&

&
-
L]

& &

r
[ ]
r
[ ]

r
r

[ ]
r
[ ]
r
[ ]
r

- A & & & &
a b &k

&
I
E I
&
&

&
L]
&
&
L]
&
&
L]

r

r

rF bk
FF
b

r

Frrrrrr

4 &2 & & & a

E L]

- &
&

[ ]
r
L

LS
FFF
r
r
[ ]

r

-

r

r
L
L]

B = 2 & a2 & & & & &

r
[ ]
r
r

L
r
r

.
=
r
r
[ ]
r
r
bbbbbbbbbbbbbbbbbbbbbbbbbbb.bbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbl
r
r
r

[ ]
Ir
[ ]
r
[ ]
r
[ ]
r

FFF

Ll = = & &2 & & & & kA &2 & & bk &2 &

&
&
E
&
&
E
&
&

r
bbbb.bbbb
r
[ ]

LS
L]
r

r
[ ]
r
[ ]
r
[ ]

[ ]
Frrrrbrrir

Frrrrbrrir

Frrrr

r
r

F h
L

h
L.
F bk
LI
[ ]

r

r
r
[ ]
r
r
[ ]

r
r

[ ]
r
[ ]
r
[ ]
r

r
r

b &2 & &2 &

[ ]
r
L .

&
L]

r
r

a b &k

r
F

LS
FF

r

r

.rl.rl.r.rl.rl.rl.r

[ ]
r
[ ]

L

r
[ ]
r
[ ]
r

-
&
L]
&
&
L]
&
&
L]
&
&
L]
&
&
L]
&
&
L]
&
&
L]
&
&
L]
&
&
L]
&
&
L]
&
&
L]
&
&
L]
&
&
L]
&
&
L]
&
&
L]
&
&
L]

r
L.
r
r

[ ]
L]
r
r
[ ]
Frrrrrr
r
[ ]

[
m .

LI
rF

L
L

h

L

LI
r

[ ]
L

L

'
[ ]
F bk Fh
Frrrr
b F bk
Frrrrr
F bk bk
LI B I
L
B FhFh
L
F bk
r
r
r
r
r
bbbb.bbbb
r

r
r

[ ]
r
r
r
[ ]
r

& &
-
LI

I I T R I )

L]
- -
b & & b & oA

r
r

rF bk
FF

[ ]
L]
[ ]
r

r
r

[ ]
r
[ ]

&
L]
&
&

r
L]

'
[ ]
[ ]
r
[ ]
r
[ ]
r
r
[ ]
r
r

[ ]
Firrrirbr rir

L]

r
r
r

[ ]

.
=
r
[ ]
r
[ ]
r
[ ]

2 b 2 h 2 h 2 a

L

r
L
L .

r
r

4 & & &2 & & & a

&
&
E
&
L]
&
E
&
&

L]
L.

r

[ ]
r r
[ ] [ ]
Frrr rbr r ir irir

[ ]
Firrrirbr rir

&
-
&

&
L]
b =
L]

E
&
-

-
E
L]
&
-
E
&
&

[ ]
r
i

L]
L]
r

i & &

&

a b &

[ ]
r
r
r
[ ]
r
r
[ ]
L]

r
r
r

4 &2 h & & & & a

F ke rrrrbririr

L]
r

[ ]

r

[ ] [ ]
Frrrbrrlbrbrirrrir

r

r
F

F krr bk r r r r r br r rbrr e rrr bk birfr ik ir

&
& &
L] L]
E I L]
I &
&
E I L]
- &
i & &
& a & = &
I I T I I )
& A & & & & & &
b b & kb &
- a b = b & &k a
A & & & & &
- b 4 & & &2 & & & a
A & & b & & .
b = &

E I
a
&
4 &2 & & & a Fl
)
a & .
b & &
b = b = h 2 b & bk a2k a 1
E I I ) b & & & & & & & & kA & oA
& d &2 & &2 & & b &2 &k 2 &k & & 1
i b & a & & & & & & & bk k k& .
- b A d & & b & &k &2 & & b & & a
E I I ) b & & & & & & & & kA bAoA .
4 o " 2 &k 2 & & b 2 & 2k a2k
i b & a & & & & & & & & & & & &
- b A d & & b & &k &2 & & b a2 &k a
& F I I T T T ) .
a & i & &
& & b & & .
- b Jr A a b a h oa
E I | & i & & .
E b = &
ERE Y & I
- b A
E I I ) E I
& o
b b & E
E I
i b & & &
& &
b b & L] E I
- b Jr
i b & & i & &
& E b = &
ERE Y & I
- & Jr & & b & b a b a s ah a
E I I ) b & & & & & & & & kA bAoA .
F I h 2 h & b &m b a b oah sk
b b & - & & & & & & & & & & & & .
d & & b & &k &2 & & b a2 &k a
i b & .
b = &

r
r

r
[ ]
[ ]

r
r
[ ]
F
r
F
[ ]

i & &

[ ]
r
[ ]
r
r
r
[ ]

b b &

& & & b & & A AN
a & h & = b & =
& &

E
b b & b bk b b & &
4 & & & b &2 h &2 & =

LC R I I | e
ERETREXEREEATETFTEER

-

-

FIG. 2



US 2022/0412709 Al

ACTIVELY-COOLED HEAT SHIELD
SYSTEM AND VEHICLE INCLUDING THE
SAME

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application claims priority to U.S. Provisional
Patent Application No. 62/942,886, filed on Dec. 3, 2019,
the contents of which are incorporated by reference herein in
their entirety.

TECHNICAL FIELD

[0002] The present disclosure generally relates to cooling
systems for vehicles that are subjected to high levels of
heating. The present disclosure more particularly relates to
actively-cooled heat shield systems for use in rockets and
other vehicles that travel at or above hypersonic speeds, such
as space re-entry vehicles, aircratt, and missiles.

BACKGROUND

[0003] Aarcrait-like reusability for rockets has long been
the “holy grail” of rocketry due to the potential for huge cost
benefits. The ability to recover and reuse an upper stage
rocket of a multi-stage rocket system (e.g., the second stage
rocket of a two-stage rocket system) remains a significant
technical gap that has not yet been solved by the industry.
Reusing the upper stage ol a multi-stage rocket 1s challeng-
ing due to the harsh re-entry environment and the perfor-
mance penalties associated with increased structural mass
required for robust reuse. Upper stage rockets are typically
constructed with the mimimum structure and complexity
since any mass addition to the second stage 1s a 1:1 reduction
in payload capacity. Reusing an upper stage rocket therefore
requires significant additional functionality but with mini-
mal mass addition.

[0004] Rockets and other vehicles that travel at or above
hypersonic speeds (e.g., space re-entry vehicles, aircratit,
missiles, etc.) require a means to protect themselves from
the heating that occurs at such high speeds. Conventional
solutions for mitigating such heating include use of one or
more of the following: (1) ablative materials, which undergo
pyrolysis and generate gases that move downstream 1n a
boundary layer to form a protective film layer; (1) high-
temperature materials (e.g., ceramics, carbon-carbon, etc.);
(111) composite materials, which insulate a base material and
radiate heat away therefrom; and (1v) transpiration cooling,
which mvolves use of a thin protective film that 1s provided
by a gas passing through a semi-porous wall.

[0005] Existing heat management solutions have cost,
operations, and/or mass 1mpacts that may not trade favor-
ably 1n certain applications, such as reusable vehicles. For
example, ablative materials and fragile ceramics are incom-
patible with a highly reusable system. Transpiration cooling,
of a heat shield 1s costly and difficult to control. What 1s
needed 1s a cooling system that i1s highly robust, highly
controllable, and well suited for long term reusability.
[0006] Aspects of the present immvention are directed to
these and other problems.

SUMMARY

[0007] According to an aspect of the present invention, an
actively-cooled heat shield system includes a heat shield, a
tank, a pump, a heat exchanger, and a turbine. The heat
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shield defines a windward side of a vehicle. The tank 1s
onboard the vehicle and 1s configured to store a coolant. The
pump 1s onboard the vehicle and 1s configured to recerve the
coolant from the tank and output a pressurized coolant. The
heat exchanger 1s onboard the vehicle and i1s integrally
connected with the heat shield. The heat exchanger is
configured to receive the pressurized coolant from the pump,
transier heat from the heat shield to the pressurized coolant
to generate a heated fluid, and output the heated fluid. The
turbine 1s onboard the vehicle and includes an 1nlet, a shatft,
and an outlet. The inlet 1s configured to receive the heated
fluid output from the heat exchanger. The shatt 1s coupled to
the pump and includes turbine blades mounted thereon. The
shaft 1s configured to rotate and thereby power the pump
when the heated fluid received from the heat exchanger acts
on the turbine blades. The outlet 1s configured to output the

heated fluid.

[0008] According to another aspect of the present inven-
tion, a vehicle includes an actively-cooled heat shield sys-
tem. The heat shield system includes a heat shield, a tank, a
pump, a heat exchanger, and a turbine. The heat shield
defines a windward side of a vehicle. The tank 1s onboard the
vehicle and 1s configured to store a coolant. The pump 1s
onboard the vehicle and 1s configured to receive the coolant
from the tank and output a pressurized coolant. The heat
exchanger 1s onboard the vehicle and is integrally connected
with the heat shield. The heat exchanger 1s configured to
receive the pressurized coolant from the pump, transier heat
from the heat shield to the pressurized coolant to generate a
heated fluid, and output the heated fluid. The turbine 1s
onboard the vehicle and includes an inlet, a shaft, and an
outlet. The inlet 1s configured to receive the heated fluid
output from the heat exchanger. The shaft 1s coupled to the
pump and includes turbine blades mounted thereon. The
shaft 1s configured to rotate and thereby power the pump
when the heated fluid received from the heat exchanger acts

on the turbine blades. The outlet 1s configured to output the
heated fluid.

[0009] According to another aspect of the present inven-
tion, a re-usable upper stage rocket of a multi-stage rocket
system 1ncludes an actively-cooled heat shield system that
converts heat from a high Mach number flow environment
into energy to drive a liquid coolant pump.

[0010] According to another aspect of the present inven-
tion, a method for actively cooling a windward side of an
upper stage rocket of a multi-stage rocket system during
atmospheric re-entry includes the steps of: initiating driving
of a pump onboard the upper stage rocket to imitiate output
ol a pressurized coolant from the pump; flowing the pres-
surized coolant output by the pump through a heat
exchanger integrally connected with a heat shield that
defines at least a portion of the windward side of the upper
stage rocket; transierring heat from the heat shield to the
pressurized coolant to generate a heated fluid; inputting the
heated flud to a turbine onboard the upper stage rocket, the
turbine including a shaft coupled to the pump and turbine
blades mounted to the shatt; and exposing the turbine blades
to the heated fluid to drive the shaft and thereby continue
driving the pump.

[0011] In addition to, or as an alternative to, one or more
of the features described above, further aspects of the
present invention can include one or more of the following
teatures, individually or 1n combination:
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[0012] at least the heat exchanger, the turbine, and the
pump are configured such that, once operation of the pump
1s started, an amount of energy supplied to the turbine from
the heat exchanger 1s alone suflicient to continue operation
of the pump;

[0013] the heat shield system i1s configured such that, once
operation 1s started, an amount of energy transierred to the
coolant by the heat exchanger 1s at least sutlicient to sustain
operation;

[0014] the heat shield, the tank, the pump, the heat
exchanger, and the turbine are configured such that an
amount of energy transferred to the coolant by the heat
exchanger 1s at least suflicient to sustain operation of the
heat shield system;

[0015] the heat shield, the tank, the pump, the heat
exchanger, and the turbine are configured such that an
amount ol energy transierred to the coolant by the heat
exchanger 1s at least suflicient to supply the turbine with an
amount of power required to drive the pump;

[0016] the coolant 1s at least one of an active coolant, a
liquid coolant, and a cryogenic coolant;

[0017] the heated fluid 1s at least one of a gas and a
supercritical fluid;

[0018] the heat shield system further includes a primary
heated fluid conduit configured to transfer the heated fluid
from the heat exchanger to the inlet of the turbine, and a
bypass conduit configured to bypass, from at least a portion
of the primary heated fluid conduit, an excess of energy 1n
the heated fluid for power use by an auxiliary system;
[0019] a pressure of the coolant 1n the tank alone provides
energy suflicient to start spinning the turbine and the pump,
creating an increasing pressure and increasing power avail-
able to the turbine;

[0020] the heat exchanger and the heat shield are config-
ured such that flow of the coolant through the heat exchanger
maintains acceptable temperatures on the heat shield while
the vehicle re-enters a planetary atmosphere;

[0021] the heat shield 1s configured to be exposed to a high
Mach number flow environment during normal operation;

[0022] the vehicle 1s an upper stage rocket of a multi-stage
rocket system;
[0023] the upper stage rocket includes a propulsion engine

disposed at an ait end thereof, and the aft end defines the
windward side of the upper stage rocket during operation of
the heat shield system:;

[0024] the heat shield system and the propulsion engine
share a multi-purpose component, and the multi-purpose
component 1s at least one of the heat shield, the tank, the
pump, the heat exchanger, and the turbine;

[0025] the pump of the heat shield system 1s a fuel pump
of the propulsion engine;

[0026] the vehicle further includes an exhaust conduit
through which at least a portion of the heated fluid output
from the turbine exits the upper stage rocket; and

[0027] the transierring and 1nputting steps of the method
supply an amount of energy to the turbine that 1s alone
suilicient to continue driving the pump.

[0028] These and other aspects of the present mmvention
will become apparent 1n light of the drawings and detailed
description provided below.

BRIEF DESCRIPTION OF THE DRAWINGS

[0029] FIG. 1 1s a perspective view of a vehicle including
the present heat shield system.
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[0030] FIG. 2 1s a schematic sectional view of an aft end
portion of the vehicle of FIG. 1 showing components of the
heat shield system.

DETAILED DESCRIPTION

[0031] Referring to FIGS. 1 and 2, the present disclosure

describes an actively-cooled heat shield system 10 and a
vehicle 12 including the same. The heat shield system 10
converts heat from a high Mach number flow environment
14 mto energy to drive a liquid coolant pump 16 (see FIG.
2).

[0032] Referring to FIG. 1, the vehicle 12 1s a rocket (e.g.,
a multi-stage rocket, a single-stage-to-orbit (SSTO) rocket,
an upper stage rocket, a booster rocket, etc.), a missile, a
spacecrait, an aircraft, or another vehicle designed for travel
(e.g., flight) up to at least supersonic speeds (e.g., supersonic
speeds, hypersonic speeds, re-entry speeds, etc.) m atmo-
spheric, sub-orbital, orbital, extraterrestrial, and/or outer
space environments.

[0033] In the i1llustrated embodiment, the vehicle 12 1s a
second stage rocket of a two-stage rocket system (not
shown). The vehicle 12 (hereinatter the “second stage rocket
12”") extends along a centerline 24 between a forward end 26
and an opposing aft end 28 thereof. The second stage rocket
12 includes a payload 30 toward the forward end 26, and an
engine 32 toward the ait end 28. The aft end 28 defines the
windward side 22 of the second stage rocket 12. In the
illustrated embodiment, the engine 32 1s an augmented
acrospike nozzle engine as disclosed i U.S. Provisional
Patent Application No. 62/941,383, filed Nov. 27, 2019 by
the same inventors, and 1n the International Patent applica-
tion claiming priority to U.S. Provisional Patent Application
No. 62/941,383, the contents of which are incorporated
herein by reference 1n their entirety. In other embodiments,
the engine 32 1s a bell nozzle engine or another type of

rocket engine, or the vehicle may not include an engine at
all.

[0034] Referring to FIG. 2, during use the second stage
rocket 12 moves through an environment 14 (e.g., the
atmosphere, space) at freestream Mach numbers 18 that can
approach Mach thirty (30) for space re-entry vehicles. A bow
shock 20 1s formed upstream of the second stage rocket 12,
and temperature on the vehicle side of the bow shock 20 can
reach thousands of degrees Kelvin. The windward side 22 of
the second stage rocket 12 1s exposed to these high tem-
peratures and therefore cooling and/or other thermal protec-
tion 1s necessary for reusability.

[0035] The actively-cooled heat shield system 10 includes
a heat shield 34, a tank 36, a pump 16, a heat exchanger 38,
and a turbine 40.

[0036] The heat shueld 34 defines an outer surface of the
windward side 22 of the second stage rocket 12.

[0037] The tank 36 1s onboard the second stage rocket 12
and stores a coolant (e.g., an active coolant, a liquid coolant,
a cryogenic coolant, etc.).

[0038] The pump 16 1s onboard the second stage rocket 12
and receives the coolant from the tank 36. The pump 16
outputs a pressurized coolant (e.g., a coolant having a
pressure ol several hundred psi or higher). That 1s, the
pressure of the coolant 1s greater after it passes through the
pump 16 than 1t 1s when stored 1n the tank 36. The coolant
1s transierred from the tank 36 to the pump 16 via a coolant
conduit 42 (e.g., ducting, tubing, etc.).
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[0039] The heat exchanger 38 1s onboard the second stage
rocket 12 and 1s integrally connected with the heat shield 34.
The heat exchanger 38 receives the pressurized coolant from
the pump 16, transiers heat from the heat shield 34 to the
pressurized coolant to generate a heated fluid (e.g., a gas, a
supercritical fluid, etc.), and outputs the heated fluid. The
pressurized coolant 1s transferred from the pump 16 to the
heat exchanger 38 via a pressurized coolant conduit 44 (e.g.,
ducting, tubing, etc.).

[0040] The turbine 40 1s onboard the second stage rocket
12 and includes an inlet 46, a shaft 48, and an outlet 50. The
inlet 46 receives the heated fluid that 1s output from the heat
exchanger 38 via a primary heated fluid conduit 52 (e.g.,
ducting, tubing, etc.). In some embodiments, there will be an
excess of energy 1n the heated fluid which will be bypassed
around the turbine 40 via a bypass conduit 34 (e.g., ducting,
tubing, etc.) and used to pressurize or power an auxiliary
system 56 (e.g., a tank, a gas thruster, a transpiration cooling
system, an auxiliary power unit (APU), etc.). The shait 48 of
the turbine 40 1s coupled (e.g., directly coupled, indirectly
coupled via a coupler, etc.) to the pump 16 and includes
turbine blades (not shown) mounted thereon. The shaft 48
rotates and thereby powers the pump 16 when the heated
fluid recerved from the heat exchanger 38 acts on the turbine
blades (not shown). The outlet 50 of the turbine 40 outputs
the heated fluid. In some embodiments, the second stage
rocket 12 includes an exhaust conduit 58 through which the
heated fluid exits the second stage rocket 12 (e.g., for
providing thrust). Additionally or alternatively, the heated
fluid output from the outlet 50 of the turbine 40 can be used
to pressurize or power an auxiliary system (e.g., a tank, a gas
thruster, a transpiration cooling system, an APU, etc.). The
heated fluid that 1s output from the outlet 50 of the turbine
40 will have a pressure and energy that 1s less than that of
the heated fluid diverted through the bypass conduit 34 to the
auxiliary system 56. In some embodiments, the heat shield
system 10 further includes bearings, gears, and/or seals (not
shown) that facilitate the coupling of the turbine 40 and the
pump 16 via the shait 48.

[0041] During operation of the heat shield system 10, the
pressurized coolant passes into the heat exchanger 38 (e.g.,
into channels or other conduits formed 1n the heat shield 34)
and picks up heat 60 at a rate (1.e., a heat flux) that 1s typical
of hypersonic and re-entry vehicles and may be 1n the range
of 0.01-10 BTU/in"-s, for example. The heat exchanger 38
serves a dual purpose of cooling the windward side 22 of the
second stage rocket 12, and adding energy to the coolant
which 1s used to drive the turbine 40 and then power the
pump 16. The pressure of the coolant drops while overall
enthalpy increases along the heat exchanger 38, until the
coolant exits the heat exchanger 38 as a heated fluid. The
primary flow of heated fluid enters the turbine 40, where
energy 1s extracted. The heated fluid exiting the turbine 40
1s expelled out of the second stage rocket 12 into the external
environment 14 or used for another purpose (e.g., re-chilled
by omboard systems and passed back through the heat
exchanger 38 in a closed loop cycle).

[0042] In some embodiments, the pressure of the coolant
in the tank 36 alone provides enough energy to start spinning
the turbine 40 and pump 16, creating an increasing pressure
and 1ncreasing power available to the turbine 40. In other
embodiments, the pressure of the coolant 1n the tank 36 does
not provide enough energy to start spinning the turbine 40
and pump 16. In some such embodiments, the heat shield
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system 10 further includes an external starter source, such as
a motor connected to the turbine shait 48 or a high pressure
gas directed at the turbine 40.

[0043] In some embodiments, at least one component
(e.g., the tank 36, the pump 16, the turbine 40, etc.) 1s an
already-existing component of the engine 32. For example,
in some embodiments the engine 32 includes at least a pump
and a turbine which push coolant through a heat exchanger
of the engine. In such embodiments, the fuel pump and the
turbine of the engine 32 serve dual-purposes by functioning
as the pump 16 and the turbine 40 of the heat shield system
10, respectively, and the heat exchanger of the engine 32
forms at least a portion of the heat exchanger 38 of the heat
shield system 10.

[0044] In some embodiments, the heat shield system 10
further mcludes at least one component that 1s additionally
or alternatively cooled passively (e.g., using high tempera-
ture materials, etc.).

[0045] Once operation of the heat shield system 10 1is
started, thermal energy added to the coolant 1s enough to
sustain operation. Specifically, the energy added to the
coolant 1s enough to supply the turbine 40 with the required
power to drive the pump 16 aiter taking into consideration
all of the losses 1n the system 10, mncluding pump 16 and
turbine 40 1nefliciencies, pressure losses i1n the heat
exchanger 38, and other losses from friction and other
mechanisms.

[0046] The coolant flowing through the heat exchanger 38
integrated into the windward side 22 of the second stage
rocket 12 1s enough to maintain acceptable temperatures on
the heat shield 34 and other walls of the second stage rocket
12 while the second stage rocket 12 passes through the
severe heat environment (e.g., while the second stage rocket
12 re-enters the atmosphere). The heat shield system 10
therefore enables the second stage rocket 12 to perform a
base-first re-entry trajectory. This provides several key
advantages over other proposed nose-first or body-first
(a’k/a belly flop) strategies: (1) it eliminates the need for
challenging in-atmosphere reorientation maneuver required
for nose-first or body-first (a/k/a belly tlop) re-entry vehicles
with vertical landing profiles; (11) 1t keeps the primary load
paths 1n the axial direction during all phases of tlight,
allowing for a more eflicient structural solution; (111) the
common vertical orientation during ascent and re-entry
simplifies the cryogemic fluild management challenge by
minimizing slosh and associated boil-off; and (1v) 1t mini-
mizes the heat shield surface area while also maintaining a
low ballistic coethicient, minimizing the overall heat load
managed by the vehicle during re-entry.

[0047] While several embodiments have been disclosed, 1t
will be apparent to those having ordinary skill 1n the art that
aspects of the present invention include many more embodi-
ments. Accordingly, aspects of the present invention are not
to be restricted except 1 light of the attached claims and
their equivalents. It will also be apparent to those of ordinary
skill 1n the art that variations and modifications can be made
without departing from the true scope of the present disclo-
sure. For example, 1n some instances, one or more features
disclosed 1n connection with one embodiment can be used
alone or in combination with one or more features of one or
more other embodiments.

What 1s claimed 1s:
1. An actively-cooled heat shield system, comprising:
a heat shield defining a windward side of a vehicle;



US 2022/0412709 Al

a tank onboard the vehicle, the tank configured to store a
coolant;

a pump onboard the vehicle, the pump configured to

receive the coolant from the tank and output a pressur-
1zed coolant:

a heat exchanger onboard the vehicle, the heat exchanger
integrally connected with the heat shield and config-
ured to receive the pressurized coolant from the pump,
transier heat from the heat shield to the pressurized
coolant to generate a heated fluid, and output the heated
fluid;

a turbine onboard the vehicle, the turbine including;:
an 1nlet configured to receive the heated fluid output

from the heat exchanger;

a shait coupled to the pump and including turbine
blades mounted thereon, the shaft configured to
rotate and thereby power the pump when the heated
fluid received from the heat exchanger acts on the
turbine blades; and

an outlet configured to output the heated fluid.

2. The heat shield system of claim 1, wherein at least the
heat exchanger, the turbine, and the pump are configured
such that, once operation of the pump 1s started, an amount
of energy supplied to the turbine from the heat exchanger 1s
alone suflicient to continue operation of the pump.

3. The heat shield system of claim 1, wherein the heat
shield system 1s configured such that, once operation 1s
started, an amount of energy transierred to the coolant by the
heat exchanger 1s at least suflicient to sustain operation.

4. The heat shield system of claim 1, wherein the heat
shueld, the tank, the pump, the heat exchanger, and the
turbine are configured such that an amount of energy trans-
ferred to the coolant by the heat exchanger 1s at least
suflicient to sustain operation of the heat shield system.

5. The heat shield system of claim 1, wherein the heat
shueld, the tank, the pump, the heat exchanger, and the
turbine are configured such that an amount of energy trans-
ferred to the coolant by the heat exchanger 1s at least
suflicient to supply the turbine with an amount of power
required to drive the pump.

6. The heat shield system of claim 1, wherein the coolant
1s at least one of an active coolant, a liquid coolant, and a
cryogenic coolant.

7. The heat shield system of claim 1, wherein the heated
fluid 1s at least one of a gas and a supercritical tluid.

8. The heat shield system of claim 1, further comprising;:

a primary heated fluid conduit configured to transfer the
heated fluid from the heat exchanger to the inlet of the
turbine; and

a bypass conduit configured to bypass, from at least a
portion of the primary heated flmid conduit, an excess
of energy in the heated fluid for power use by an
auxiliary system.

9. The heat shield system of claim 1, wherein a pressure
of the coolant 1n the tank alone provides energy suflicient to
start spinning the turbine and the pump, creating an increas-
ing pressure and increasing power available to the turbine.

10. The heat shield system of claim 1, wherein the heat
exchanger and the heat shield are configured such that tlow
of the coolant through the heat exchanger maintains accept-
able temperatures on the heat shield while the vehicle
re-enters a planetary atmosphere.
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11. A vehicle, comprising:
an actively-cooled heat shield system including:

a heat shield defining a windward side of a vehicle;

a tank onboard the vehicle, the tank configured to store
a coolant;

a pump onboard the vehicle, the pump configured to
receive the coolant from the tank and output a
pressurized coolant;

a heat exchanger onboard the wvehicle, the heat
exchanger integrally connected with the heat shield
and configured to receive the pressurized coolant
from the pump, transier heat from the heat shield to
the pressurized coolant to generate a heated fluid,
and output the heated fluid;

a turbine onboard the vehicle, the turbine including:
an 1nlet configured to receive the heated fluid output

from the heat exchanger;

a shaft coupled to the pump and including turbine
blades mounted thereon, the shait configured to
rotate and thereby power the pump when the
heated fluid recerved from the heat exchanger acts
on the turbine blades; and

an outlet configured to output the heated fluid.

12. The vehicle of claim 11, wherein at least the heat
exchanger, the turbine, and the pump are configured such
that, once operation of the pump 1s started, an amount of
energy supplied to the turbine from the heat exchanger is

alone suflicient to continue operation of the pump.
13. The vehicle of claim 11, wherein the heat shield 1is

configured to be exposed to a high Mach number flow
environment during normal operation.

14. The vehicle of claim 11, wherein the vehicle 1s an
upper stage rocket of a multi-stage rocket system.

15. The vehicle of claim 14, wherein the upper stage
rocket 1includes a propulsion engine disposed at an ait end
thereof; and

wherein the ait end defines the windward side of the upper

stage rocket during operation of the heat shield system.

16. The vehicle of claim 15, wherein the heat shield
system and the propulsion engine share a multi-purpose
component; and

wherein the multi-purpose component 1s at least one of

the heat shield, the tank, the pump, the heat exchanger,
and the turbine.

17. The vehicle of claim 16, wherein the pump of the heat
shield system 1s a fuel pump of the propulsion engine.

18. The vehicle of claim 14, further comprising an exhaust
conduit through which at least a portion of the heated tfluid
output from the turbine exits the upper stage rocket.

19. A method for actively cooling a windward side of an
upper stage rocket of a multi-stage rocket system during
atmospheric re-entry, comprising;

imtiating driving of a pump onboard the upper stage

rocket to 1nitiate output of a pressurized coolant from
the pump;

flowing the pressurized coolant output by the pump

through a heat exchanger integrally connected with a
heat shield that defines at least a portion of the wind-
ward side of the upper stage rocket;

transierring heat from the heat shield to the pressurized

coolant to generate a heated tluid;
inputting the heated fluid to a turbine onboard the upper
stage rocket, the turbine including a shaft coupled to the
pump and turbine blades mounted to the shaft; and

exposing the turbine blades to the heated fluid to drive the
shaft and thereby continue driving the pump.
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20. The method of claim 19, wherein the transferring and
iputting steps supply an amount of energy to the turbine
that 1s alone suilicient to continue driving the pump.
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