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Nozzle Internal Seals
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([ F 25 © NASA. https://www.youtube.com/watch?v=kaGuVRfwzv4. 0:46 )



(=) {HEE (Vernier Thruster)
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% OF DRAG OF FLAT FACE NOSE
FOR VARIOUS NOSE SHAPE

100% —

| blunt

FACE DRAG

[ bluntcone

FLAT

4 cone

NT
A

hemispbore [ | | | Perabols
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(+—) BHARZ K S RIFE I AHE R &
(B R 2K © http://www.aerospaceweb.org/question/aerodynamics/q0151.shtml )
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3. TVC GRS
TVCEZELS I BB ENIRRE - BN E LRGSR ~ (B -
JRARRBRITZEEZ A G - HIE A EERE SN )7 B (1) - HFH
(a2 - R AR RAY - ZaiiEdliE (E/N) - &{gHER/RTVCER
st (Et) - WMTEBENTE RGN LB TE R A IR E T
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Aft Integrated For Left SRB; Reverse for Right SRB
Electronic Assembly

Upper Strut Rock Actuator

MGO96R A Al 51

Tilt Actuator

\ \
Systems Tunnel Hydraulic < _— MS%%”% '; 3
Aft Attach Ring 5’:\‘.";‘('2) Aft Skirt aocket
Nozsle
(+1) SRBHYTVCAEfES BN E (%) TVCHEmkLEFE

(+t) BITHSTVCEIRE B4~ 3D/E JxE
(@R AR - BfT4a%)
4, HEHERRAEHE

BRGNS > BREE SR KE EAMEI R - PRI
IRF R RS ER PRGN 77 A4S S R OK AT - SRARSSBTR LA pE S » HIEHE
FERRRHF RE &R 2 H YR T RIGE SRR B FE i AFafam A1 o - (g 2R IbA
R FHER SR > BT R B > FR » Hr s R chard Nakka
Fraste T AVEXCEL#RES RT3 AiEHE (Nozzle) sefECIE » 41 (+7) >

(+75) » EPERAOEC A SOELZDR S bR AR M - FRAPIFTE 2%

WHE ()
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Nozzle Design

Reference worksheets:

n d K

beta]  35.0Jdegrees MNozzle convergence half-angle
alpha| 12 (Jdegrees  Nozzle divergence half-angle
Dc 60 mm Chamber inside diameter
Dt 10.56 mm Nozzle throat diameter
De 2987 mm Nozzle exit diameter
De opt 29.45 mm Optimum nozzle exit diameter |~
Lc 35.30 mm Convergence length
Ld 45.42 mm Divergence length
Lo 80.73 mm Overall length

N
o

entrance plane

exit plane

entrance plane

exit plane

Notations

(B H 25 © https://www.nakka-rocketry.net/softw.html )
(

(+3H) e 2 EEEE

A7

A X

[t 7 g
S i N &
f
7 Mg
\ |

/

kLA

ZZAY

(+75) BfractHedEas 2 Hm fE

([E A AR - B1T4%)

Motor chamber:
Dc 60 | mm Chamber diameter (inside )
Lc 200.0 | mm Chamber length (inside )
Ve 565487 | mm’ Chamber volume (empty)
Propellant grain:
Propellant type | KNSB fine | o0r See Note [1] below
Do 60.00 | mm Outer diamf|:ter (initial )

12



https://www.nakka-rocketry.net/softw.html
file:///M:/Users/johnc/Downloads/SRM_2014.1%20(1)/SRM_2014.1.xls%23RANGE!C98

Core diameter (initia

do 20 | mm D
Lo 50.00 | mm Segment length (initial )
N 4 Number of segments
Outer surface: Inhibited select
Core surface: Exposed select
Ends surface: Exposed select

Grain length (initia
Lgo 200 | mm D

Grain volume (initia

Vg 502655 | mm’ D
V1 0.889 Volumetric loading fraction
1" grain 1.841 | glem’ Grain ideal density
0.95 Density ratio (actual/ideal )
I' grain 1.749 | g/em’ Grain actual density
m grain 0.879 | ke. Grain mass (initial )
Abeo 20106 | mm’ End burning area (initial )
Abco 12566 | mm’ Core burning area (initial)

Outer surface burning area (initia

Abso 0 | mm’ D
Abo 32673 | mm’ Total burning area (initial )
Target MEOP: 850 psi | sojory Maximum chamber pressure ( target )
Kn max: 375 Ratio of Burning area / throat area  (max )
Nozzle: Ato 88 | mm’ Throat cross-section area (initial )
Dto 10.561 | mm Throat diameter (initial )
e 0.0 | mm Nozzle eros|ion

Dtf 10.56 | mm Throat diameter ( final )

= () EELSEO T 28
(FAEHIE ¢ hitps://www.nakka-rocketry.net/softw.html )
5. AEF LS
15 {16 B v i o B YRS R (2 T B\ - Bty TP PR
P S AR SfACRIL ShangHYas TELAREUE - 2@ (/%)
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(+/\) BfThA%EYE 2 3D/EZY AT =
(R 2R © BfT4a%)

=~ MiEZY (Avionics) FH#

FEBASHEREDHIEN T - FRMIF I BE2$CYCLE 2 AV F-Bff 28 4 » FIIFHEASY
EDABEFEARIASHEI TR - (EEATIRRIML - BfTEEIFIL RAVEE - BH3E TR
(YRR Eb R N RS AT B R Y B (Package ) WE/DER4R AT < JElbe - H (L HHERR
AAVBEES FIRUESS (Sensors) HUFZ fEHE - 1EEE{E B 1THHSEHY EARIREF P 2SIy
HEYAR -

o [R(RELASRSTE

o R MEIREES AT REME
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o /D ERIVEREFTEEIYFEIRE
o BESETRAVEREE (Debug)
o (A ArduinolICHESHEE
o SRAMVERIEE: - FEIFHGECIEAS (RAM,Random Access Memory ) HYE &5
o RUESSHUSHER G HH#AZTAVERE (Library )
MAEEARAEGETEER T - PP B ERY EAERR AR
o LA L4 (SOC,System On Chip) BH#F-4& : Teensy 4.0, Teensy4.1
o NEWEMEMEIT (IMU,nitial Measuring Unit) : MPU6050/12C (Inter-Intergrated cur
cuit) fHE
o SEET ¢ BP28OMCHAE
o ECBEZ4E - TFH/SPI (Serial Prephrial Interface ) i€
o fmapEISH © REM69HCW, Adafruit Breakout Board/SPIfhE
e 1.5A5SV{EEEZ (LDO, Low Dropout Voltage ) 41425 BRFHE 75
o 800mA, 3.3V{REAZER BRI %L 25
e 2200mAh, 11.1VEH
HAPTIE AN BRI AR AEUIRF [ A 1 T B AR L (RS S B 05 (R P 5 A TR
FHIEFAMIBE S Y THTEE 24 MKO - 40l (+71) For > B & B B TIERE HAHRH]
B HAE B EAREES Z BEE 0 WIE (1) o SR RS ERE TR
TTRIEL > FrDAFRAPRs A% 2 PCB I -

(+J1) BEfTRH#NIERASMKO
(&7 AR - BT
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{5 P SMT (fiEF =X » Surface Mount Technology ) 4 » Hirp Ay ERFH %L B = FE 4N
HilE R s e TRE AT RS - W H A SR e - (2 ORI AR B AR S TPCB
oo GRS HATE AHMMK] - A1E (Z+) -

(=) BEfTHI#NE RHMK]
(R A0R © BT

TEMEFMKLEF » oA T3 B A TR XA P THYRHE & 1R USBIR L DE A &R} - H
MU 2 ETE IR TAE » 6 HAE(E FERRERE I RO - FrE N —ERRA -
R SMTHY B BAFEET 28 A RS > B 1A LeRUE s3SI B R Ei o e > (&
EFAFEAMPUG0SOfE FY i777E #5SPL » {HEFHRI2C T A 4R4{E4EE > HI2C FAST-WIRE
(e B FE 4400kbit » FAMTEHEMPUGOSOYSPIEH I ZE i3k » HF4ARFMOOHCWAITE
£ 7 IS/ N2 120mm*60mm » BHEEHATE RHEMK2 > WIE (—+—) -
.|

(Zt—) B1TFEHMERSMK2
(& A A © B T304
TERTEE R 5MKS - TEETESTHRISANL - LDOZEFRFEEN s Ay AL SR AITE Ay HhrEErH
AT Z4MK4 » MKSAIZ B ZETELDOM$E L » wufE (—+—) - @ (=+=) -
(=00 | MK6XSCER F 2 E (ARG ZE S TEENSY 4.0 Zheetil H A A
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LED faiE

[nevem ||| mmamee |
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(Z+=) BTTFSEMERSMKS (Z+=) B1ThA%T |EALKMKS
(&7 208 - B1T9a8) (A AR © BfT4a%)

QEVSTED BY
TH#

[ ] Y,

e el PULCICLT DESIGNED BY |
MODERATED BY 4 & U ¢ MODERATED BY |
ol '- SEAENTELN |

o]
o

| DESIGNED BY
| L is 3

(ZA40U) BfTRSHTRE S MKS (Z+410) BEfTHSHTEZGMK6

(&5 240K - B T9HE) ([ A 2A0R - BfT4E%)

(Z+7%) BITFASMERGMKTER (Z+t) BfTF#HEARGMKT PCBIE]
(& A AR - BT (& H AR - BfTaEsd)
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g~ FEERE!
(—) GAZFIREE

TERAZE IR T - FRAFEE FPlatformiol DE 1 A Ay T 224maees - BEFEILEAGI S
PR 7 P FH 2 IAIPlatformiol DE {5 F vscodeBREE A ¥ 174 Arduino A & HYIDE REH B 217
RETT (R AR R AIRAZE = (H Flgithub « FIFHE XM FE R S TR - AR
AyfmELR AR o R R AR Y R - TRFRR A B DIAVA RS R ATUTIRES - 44
ML Processing 2K S 3 HH P AE RN BRI Ay EoRRI: HLAE 4 i BRAY TR 270 A& Processing A
Frég B EAR o MAER ZIVEESA 23720 - P e B IS s 2 R Ry AH EE A
FH#EE Y )7 20 2 BRI SR AR AV G B - H48ES F 5 K& Arduino 1 processing 455 HY
{511 PA I 258 i processing 21 & 1F F MG PRI S HUsRAS - alE (=) -

Ground Control
System EAEH

CST: 2022/5/30 19:35:0
Humidity: %

Temperature: null°C
Alttitude

MREEFI&R

et

Control Panel

CHECK CALIBRATE LAUNCH

A/
e —\ ) F]FHProcessing H {75512 Ul

(& A AR - 51745

FII R B B A R MR - B B (R B A2 W (B 4 » FRAPT2BEHSE T 2 B
B AR AN B PR T
o ZHhHUEEE
o (EINREEITIRE A
o (i (Pitch) FafE
o HLE (Rol) A&

o AUBIRASPIDIZE RS pa B JRHAN B R A e
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(=) #fERfE
EERBHIATEATE RS B AEREERT - FMTE T 5 BARERIREE (Chec
ki) - ek ST REESUE S IEE LI - ek g IEAMBHmERER (L
aunchf%$ft) - BrfaTR (EIAR S EE S R IRMPUG0S0EH PIDIZE b 25 i HH A RF R8I £ 1 2
TS > SEEE-FEDKET > RO TE (25 B (273 > mEER
SERIR M T R & PR L — (3 CS VAR » M REI I 52 sy S S B A I 5 o AR A T
46 DAt
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It Toe Barnard HYSZF o B g S ALY K S AL AN E A1 FPIDAY J5 75 #E 1 TRE IE
e > FHopPID B A=FEAIE A (EEf ~ 857 ~ 6807 ) MHILZ 1R p Rl H (B HE T
YIE - Az (2D o FERMFPKETREERRERVRT - £ MIRVE ST HEPIDY
NEF40 T

u(t) = Kye(t) + K; [ e(t)dr + Kg

2~ (2

de(t)
dt
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