Apollo Launch Simulation: Flat Earth

payload mass. S-IC time (s) stage thrust (N) S-ICmass (kg)  S-llmass (kg)  S-IVBmass (kg)  mass (kg) & (m/s"2) ight (N) air density (kg/m"3) drag (N) net force (N)  accel (m/s"2)  velocity (m/s) position (m)
T ) Sic SIOE07 | 235606 | 4S8Ews | L2005 | 30306 | SS0E00 | 296307 TI006:00 | 0000EW00 | 3774ED6 1 o 000
volume 1000 sic 330607 | 2158006 | 4SWEWs | 1218605 | 28666005 | S.8006:00 | 28096407 11858000 | 7401003 | 5306406 L85 1249 12485
rocket dameter profie area oalm 336457 mt3 2000 sic 3MOE07 | 2061606 | 4SBTEWs | 12186:05 | 27096006 | S.800E000 | 26556407 LusEic0 | 44236004 | 6.808E:06 251 3100 a8
Om 0.2 m2 2000 sic SMOEO7 | 184606 | ASBIEWS | 1218605 | 25526006 | S.8006000 | 25016407 1086800 | 1371605 | 8.2546006 an s613 996,16
density mass 2000 SIC | 330607 | 1727606 | 4987s05 | 12186405 | 23956106 | 98006400 | 2347607 9s0601 | 3a1sew0s | oelsee0s | 402 w4 | 1809
drag coeffcent 70000 ka/m'3 55823 kg 5000 sic 30607 | 1570606 | 4SBIEws | 1208605 | 2238605 | S.8006:00 | 21936407 872601 5795005 | L089ES07 I st | 316730
100 000 sic 330607 | 1413606 | 4S87Ews | 12186:05 | 20816005 | S.8006000 | 20396407 Ta2E01 | 92200005 | 12096407 ssi 730 | 4su025
thrust burn e 7000 sic SMOEO7 | 1256606 | ASBIENS | 1218605 | 19246006 | S.8006000 | LSSSEND7 S786E01 | 1284606 | 13266407 689 2538 729410
3330000000 v 5000 8000 sic SMOE7 | 1039606 | ASSIEWS | 1218605 | L7676:06 | 88006000 | L731EN07 A2680l  1seaEeos | 14506007 821 02 | loarat
5000 sic 330607 | sanE0s | 4SwEws | 1218605 | 1610605 | S.8006:00 | LS7EEND 250801 | 1735605 | 15896407 o5 ssear | 1420037
10000 sic SMOE07 | 7852605 | ASWEWs | 1218605 | 145306 | S.8006000 | L424ENDT 17sE01 | Lesseds | L7807 | 1203 s | 05257
e 11000 sic SMOET | 6281605 | ASSTEWs | 1218605 | L296E+06 | 88006000 | 12706407 smsees | lasieos | 1oweor | 148 wsds | 2510707
12000 sic SM0E07 | 4711605 | AS8Ews | 1218605 | L1306 | S.8006000 | LIIGEN assie02 | lomeos | 210007 | 1862 75019 | 3264897
volume 13000 sic 33M0E07 | 341605 | 4SWEws | 1218605 | S816E:05 | S.8006:00 | 96206408 170802 | 6aie0s | 23ise7 | 2358 sa03s | as249
34%0m 198455 m3 19000 sic 330607 | 1570605 | 4S87Ews | 1218605 | 8246605 | S.8006000 | 8OSIENS 52603 | 3060605 | 2501607 | 3034 1wes | sasie0
15000 sic SMOEO7 | 2941602 | ASBIENS | 1218605 | G.67SE0S | S.8006000 | 6426406 1256603 | 1103605 | 2675607 | 4007 147951 605.09
density 16000 si SUSEI06 | 0O00E00 | 48516405 | 1218605 | 653905 | S.8006000 | 6409640 199E04 | 27004 13606 | 200 18020 | wn1iie
250.00 kg/m"3 498737.35 kg 170.00 sl 5.115E+06 0.000E+00 4.716E+05 1.218E+05 6.404E+05 9.800E+00 6.275E+06 2.987E-05 4.1396+03 -1.165E+06 -1.82 1860.01 106011.21
18000 su 51156008 oo 4500605 | 12186405 | 62686005 | SS006400 | 6426006 a7seos | easeio | 1028606 | Led e 120041
thrust burn ime 19000 si SUSE06 | 0000600 | 44446005 | 1218605 | 61326005 | 9.8006000 | 60096406 760607 | 1018002 8942605 | -146 1502 14268360
511500000 3e700s 20000 si SIISEAS | OO0 | 4308E:05 | 1218605 | S99GEW0S | S.00EW00 | SS76ENDS LagEr | 1eme0l  7eseos | 127 19088 | 16079198
21000 si SUSE06 | 0O00E00 | 41726405 | 1218505 | 58606005 | S.8006:00 | 57436408 206608 | 2676600 6277605 | 107 sass | e
22000 si SLSEI06 | 0O00E00 | 4036EA05 | 1218605 | 57246005 | S.8006000 | 56106406 3458609 | 442E0L | 46605 | 086 g4 196647.77
=0 23000 si SIISERS | OO0 | 3500605 | 121sEw0s | SSBSEWS | S.800%00 | SATOENDS sewEi0 | 7A0lee2 | aslbos | 065 s 2w
20000 si SUSEI06 | 0000600 | 3764Ei0s | 1208605 | 5.4526:05 | S.8006000 | 53436408 523611 Luse | 220605 | 042 s 2asess
height volume 25000 si 51156005 oooE G286:05 | 1218E:05 | 53166005 | S.8008000 | 52106408 LewEll | 2121803 9503004 | 018 eaie 24584036
T780m - 26000 i | 5115606 | 0000E«0 | 3453605 | 1218605 | 51806405 | 9.800E400 | 5077406 2assen | aeweos | aswumos | 007 | weess | ze7soass
27000 s SUSE06 | 0000600 | 33576005 | 1208605 | SOISEN0S | S.800E000 | 49446406 asuse13 6186605 | 17136005 034 176700 2517478
density mass 28000 si SLSEN06 | 0000600 | 32216405 | 12186:05 | AS09E:05 | S.8006000 | 41160 Ba19e1 | 1057605 | 3085605 062 177045 30287963
200.00 kg/m"3 121794.50 kg 290.00 sl 5.115E+06 0.000E+00 3.085E+05 1.218E+05 47736405 9.800E+00 4.677E+06 1.425E-14 1.801E-06 43776405 092 1776.69 320646.52
30000 si SIISEWS | OO0OEW0 | 2549605 | 1218605 | AGUTEWDS | S.006%00 | 4SHENS dassels 3051607 | 57096405 123 1rsss | 3ass0sa1
trust burn e 31000 si SUSE06 | 0000600 | 2813605 | 1218605 | AS0IEN0S | 9.8006000 | 44116406 3955616 | S123E08 | 70406405 156 179807 | 35648681
1001000.00/ ¥ 75005 32000 si SUSEI06 | 0O00E00 | 26776405 | 1218605 | 436505 | S.8006000 | 42786406 aMsEl | sajE0y | 8372605 192 w8 e
33000 su SUSENO5 | 0O00E00 | 25416405 | 1218605 | 42096005 | S.8006:00 | 41456406 10ME1 | 1388E05 | 97046405 229 183209 | 3:9s48e
dameter 34000 si SUSEN06 | 0000600 | 2405405 | 12186:05 | 40336:05 | S.800£000 | 40I1ES LepEis | 222610 | 11086406 270 1550 ausiazo
E 35000 si SUSEN05 | 0O00E00 | 2269405 | 1218605 | 39576+05 | S.8006000 | 38786406 25319 | 34mEll | 12376406 3 1200 | 43034317
36000 si SUSEI06 | 0O00E00 | 21346405 | 1208605 | 38226005 | S.8006000 | 37456408 S6E20 | s30E12 | 13706408 358 91615 asasees
37000 su SUSEN06 | 0O00E:00 | 1998E«05 | 1218E:05 | 3686E:05 | S.8006:00 | 36126408 sueE2l | 783E13 | 15036406 208 195000 | 46ssst6l
5000 su 51156008 oo 1862605 | 12186005 | 35506005 | 9800600 | 3479606 70022 LueEis | 1636E0s a1 199078 | assan23s
: : 39000 si SUSE06 | 0000600 | 17266405 | 1218605 | 34146005 | S.8006000 | 33466406 9168623 L52E1e | 17696406 518 03687 s09261.14
Acceleration vs. Time H0000 TSI satseios | 0000t0 | Aseotios | Latseios | sa7seios | 98t | 3amede | s | Lostets | Loews | ss | assri | sowsal
50.00 41000 su SUSEN05 | 0O00E00 | 14346405 | 1218605 | 31426005 | S.8006:00 | 30796406 137624 | 2aasEls | 20366408 68 2ue7s | ssieisal
2000 si SUSEN06 | 0000600 | 1318405 | 12186:05 | 30066005 | S.800£000 | 29466406 Lesakas | 2ea7Elr | 21696406 2 2use | samiis
43000 si SUSE06 | 0000600 | 11826405 | 1218605 | 28706005 | S.8006000 | 28136406 Lagiezs | 30918 | 23026406 802 270 sesesl
40.00 440.00 Sl 5.115E+406 0.000E+00 1.046E405 1.218€405 2.734E405 9.800E+400 2.680E406 1.393-27 3.118€-19 2.435E406 891 2363.90 620207.15
25000 su SUSEN06 | 0O00E00 | 9105404 | 1218E:05 | 2598E:05 | S.800£:00 | 25466408 LissE28 | 288920 | 25696406 088 25297 oarss
30.00 460.00 Sl 5.115E+06 0.000E+00 7.746E+04 1.218€+05 2.463E+05 9.800E+00 2.413E+06 9.341E-30 2.436E-21 2.702E+06 10.97 2551.82 670255.01
47000 s SUSE06 | 0000600 | 6387EW0 | 1218605 | 2327E:05 | S.8006000 | 22806406 6520631 Lesie2 | 2e606 | 1218 266153 696870.30
20.00 28000 S| 51i56:06 | 0000600 | 5028604 | 1218Es05 | 21916405 | 9.800E400 | 2.147s06 Ao | a3 | 206 | 1355 g1 | 2470402
10.00 500.00 St 5.115E+06 0.000E+00 2.310€+04 1.218€+05 1.919E+05 '9.800E+00 1.881E+06 1.011E-38 3.817€-26 3.234E+06 16.85 3069.77 78459030
/ / Sooo | Hi | shes | ommn | osnos | iaams | Ameis | osmrwo | Awmws | sevea | reswes  aoeas | ias | omsw  mwses
0.00 ¢ 52000 | S | 10016:05 | 0000E:00 | O000E00 | 12106:05 | L6SOESO5 | S.8006000 | L647EN06 1208637 | 60020 | -6asee0s | 384 a1 8512053
53000 | SIWG | 10016:05 | 0000E:00 | O0OE-00 | Li1s5:05 | LGSSESOS | S.8006000 | 16226406 a3 | 2000630 | 6205605 | 375 876 a5133.06
-10.00 540.00 S-IVB 1.001€+06 0.000€+00 0.000€+00 1.159E+05 1.629E+05 | 9.800E+00 1.596E+06 1.524E-40 6.855€-32 -5.954E+05. -3.66 3351.26 918645.67
000 20000 40000 60000 800.00 100000 1200.00 140000 S5000 | SWe | 1001605 | 0.000E:00 | O000E0 | L1305 | L603EN0S | O.8006000 | LSTIENS 553842 2aeas | sa00s | a5 Bn | s
56000 | SV | 10016:05 | 0000E:00 | O000E00 | L10BEsO5 | 1578Es05 | 9.8006000 | LSA6EA0 2086643 sogEas | sasies | 3ds o1 seassazo
57000 | SIWG | 10016:05 | 0000E:00 | O00E00 | 108205 | 1552E+05 | S.8008000 | 15216406 Biieds | 3ameds | 200805 | 335 2459 10170301
6000 | SIB | LO0IEWOS | 0O00EW0 | 0000EG0 | LOSGEOs | LS26EW0S | S.8006%00 | 14366406 saseas | 13sew | aseos | 32 2110 104514096
59000 | SWe | 1001605 | 0.000E:00 | O0000E0 | LO3IE0S | LSOIENOS | 9.8006000 | L47IENS 1365E47 | SSME | 4698005 | 313 s17866 | 1080927.61
Velocity vs. Time 60000 | S | 10016:05 | 0000E:00 | OO00EA00 | LO0SEsOS | L47SEs05 | S.8006000 | L446EA06 sSodgay | 230740 adsee0s | 301 373 1240125
61000 | S | 10016:05 | 0000E:00 | O0OE00 | 5.7956:04 | 144sEs0s | S.8006000 | 14206406 2swEso | louEar | aisseos | 28 v | aumsna
4000.00 62000 | S | 10016:05 | 0000E:00 | 00OE00 | 5.53E:04 | L424+05 | S.800£000 | 13956406 Lisesy | aswess | asueos | 277 308828 | 1170456.29
A 63000 | SWG | L00IEW05 | 0.000E:00 | O000EW0 | 0.2826:04 | 1398EW05 | 9.8006000 | 13706406 554685 264 306058 | 1205062.13
3500.00 640.00 S-vB 1.001E+06 0.000E+00 0.000E+00 9.026E+04 1.373E405 9.800E+400 1.345E406 2.669E-54 -251 303418 1235403.89
3000.00 /\/ \ 650.00 sive 10016406 0.000E+00 0.000E+00 8760E:04 | 13476405 | 9.800EH00 | 13206406 1317655 237 300911 | 1265434.95
000 | SIB | 100105 | 000000 | 00000 |  8513+04 | 13216405 | S800EW00 | 12956106 G515 22 g4 nssass
250000 67000 | SWe | 1001606 | 0.000E:00 | O000EW0 | 8256604 | 1296EW05 | 9.8006000 | 12706406 3435658 207 296218 | 132098101
200000 / \ Ginc0 | swe | iooiss | oomeva> | oo | somesos | Lzmesos | oaaneioo | aisiios | rowess A5 s
69000 | S | 10016:05 | 0000E:00 | O0OE00 | 7.744E:04 | 1244E+05 | S.8006000 | 12196406 5740861 176 92326 | 138363805
1500.00 700.00 svB 10016406 | 0.000+00 0.000€+00 74876404 | 12196405 | 9.800E+00 | 1194E+06 5329662 | ase | 290570 | 1412695.09
1000.00 71000 | SWe | 1001606 | 0.000E:00 | O0000E00 | 731604 | L193EW05 | 9.8006000 | 11696406 2962663 a1 288084 | 104159350
/] \ 72000 | S | 10016:05 | 0000E:00 | O000E00 | 6.974E:04 | L1e7Es05 | S.8006000 | 1146406 L6706 a2 297574 147035091
500.00 73000 | SWG | 10016205 | 0000E:00 | O00E00 | 6718504 | 11426+05 | S.8006000 | L1196+06 952966 103 26348 14999855
000 \ 74000 | SNG | L00EW05 | 0000E0D | OOOEW0 | 6.4626:04 | LIGEROS | S.8008000 | 10S4EA06 sassE 67 o8 2315 | 15751729
. 750.00 S-IvB 1.001E+06 0.000E+00 0.000E+00 6.205E+04 1.091E+05 9.800E+00 1.069E+06 3.195€-68 -0.62 2844.84 1555965.66
0.00  200.00 400.00 600.00 800.00 1000.00 1200.00 1400.00 760.00 SV 1.001€+06 0.000E+00 0.000E+00 5.949E+404 1.065€+405 | 9.800E+00 1044406 1.869€-69 -0.40 283863 1584351.95
77000 | SWG | 10016:05 | 0000E:00 | O00E00 | 5.6926:04 | 1039:05 | S.8006000 | LOISENOS 1088870 017 86 161269826
78000 | SWE | L00IEW05 | 0000E0D | OO00EA0 | 5436604 | LOMEWS | 98006000 | 9933405 6as0£72 008 2205 | 164102778
79000 | SWe | 1001605 | 0000Es00 | 00006400 179600 | 079004 | 9800600 | 96826405 2798673 o3 371 166936489
. " 8000 | SVB | 1001605 | 000600 | 000000 | 4923604 | 9.6236i04 | 900600 | 9431E0S 2206874 00 28705 1697735.0
Position vs. Time 81000 sie L001E:06 | 0O00E:00 | OOO0EAD | A667E:04 | S357:04 | S.800£000 | 91796405 125675 09 280305 | 172616573
82000 | SNB | 10016406 | 000000 | 0.000E 4410000 | 51108004 | 5.800E000 | 89286405 7485677 119 25190 | 17saesese
3500000.00 830.00 S-IvB 1.001E+06 0.000E+00 0.000E+00 4.154E+04 8.854E404 9.800E+00 8.677E+05 4.270E-78 151 2863.80 1783322.91
300000000 8000 | SNB | 1001605 | 000600 | 000000 | 3897604 | BSO7EN4 | 900600 | 8AZSENOS 2400679 184 2a788s | 181211147
85000 | SNB | 1001605 | 00000 | 000000 | 36416404 | B4IENA | 9800600 | 8TAENS 132480 220 289709 | 184108433
250000000 6000 | S8 | 10016:05 | 0000E«00 | 000OE 385E/04 | BOBSEXM | 98006400 | 7.923E005 7682 258 1030 1w70277.8
87000 | SNB | 1001606 | 0000600 | 0O00ES00 | 3286004 | 7828604 | 9800600 | 76726005 2759683 299 o051 189972639
2000000.00 880.00 SV 1.001€+06 0.000E+00 0.000E+00 2.8726404 7.5726404 | 9.800E+00 7.420E405 1.919€-84 342 2974.98 192947821
8000 | SNB | 1001605 | 00000 | 000000 | 26156404 | 7315604 | 9800600 | 7169605 saesas 38 300518 195957005
1500000.00 900.00 SIvB 1.001E+06 0.000E+00 0.000E+00 2.359E+04 7.059E+04. 9.800E+00 6.918E+05 4.492€-87 438 3048.02 1990050.23
91000 | SNB | 1001606 | 0000600 | 0O00ES00 | 21036404 | 603EN4 | 980060 | GE6TENS 2000688 a2 09182 | 2020968.47
1000000.00 920.00 S-vB 1.001E+06 0.000E+00 0.000E+00 1.846E404 6.546E+404 9.800E+400 6.415E405 8.821E-90 5.49 314097 205237821
50000000 5000 | sNB | 1001605 | 0000400 | 0000Es00 | 15906404 | G290EK04 | 9.800EK00 | 6.164Es05 3611691 61 | osey | 2033710
5000 | SNB | 1001605 | 000E00 | 0000E:00 | 1333604 | GOIIEN0A | 9800600 | SSLEWS L3s0E52 o 25700 2116907.47
0.00 950.00 SIv8 1.001E+06 0.000€+00 0.000€+00 1.077€+04 5.777€+04 | 9.800E+00 5.661E+405 5.001E-94 753 332495 2150156.96
9000 | SNB | 1001606 | 000600 | 000000 | 8056403 | 5521604 | 900600 | SALOESOS 166995 o3 300022 | 2184159.0
000 20000 400.00 600.00 800.00 1000.00 1200.00 1400.00 970.00 SIVB 1.001E+06 0.000E+00 0.000E+00 5.641E+03 5.264E+04 9.800E+00 5.159E+05 5.1226-97 9.22 3483.55 2218994.68
6000 | SIB | LO0IEW0S | 00000 | 000000 | 3077E+03 | SODSEXI | S.8006%00 | 4S08E405 e 1018 39500 | 25475173
99000 | SNB | 1001606 | 0000600 | O0000E00 | 5286402 | A7SIEN4 | 9800600 | AGSGENOS | 36266100 127 367760 | 2291527.69
1000.00 - 0O00EI0 | 0O0DES00 | OO00EAD | 0O00EW00 | 47006004 | S.800EI00 | 4606EA0S | 8.190£102 980 19028 | 232943046
Forces vs. Time 101000 0000E:00 | 0O00E:00 | 0OOOEAGD | 0O0OE:00 | 47006:04 | S.800EK00 | 460SE0S | 2041£103 980 369228 | 2366353.23
. 102000 0000£:00 | 0O00E:00 | 000D | 0O00E:00 | 47006004 | S.800E/00 | 4GOSEA0S | 5.608E105 950 359428 | 200229599
25006407 103000 - 0O00EI00 | 0O0EW00 | 0O00EW0 | 0O00EW00 | 47006004 | S.800EI00 | 4606EW0S | 1700106 980 9628 | 203725876
- 104000 - 0O00EI0 | 0O0DES00 | OOO0EAD | 0O00EW00 | A700Ei04 | S.800EI00 | 4606EA0S | 56826108 980 B9s2s | 47124153
30006407 1050.00 0000E:00 | 0O00E:00 | 0OOOEAGO | 0O0E:00 | 4700E:04 | S.800EI00 | 460SEA0S | 20956109 950 330028 | 250428429
106000 OO0OEW0 | 0.00E'00 | 0000EA00 | D000 | A700EWOA | 9800Ee00 | 4G0GEWS | 8S2IELIL 950 220228 | 2536267.06
2.500E407 1070.00 - 0O00EI00 | 0O0EA00 | 0000EW0 | 0O00EW00 | A700Ei04 | S.800EI00 | 4606EW0S | 3822112 980 310028 | 2567309.83
—— Drag Force vs. Time 1080.00 - 0.000€400 0.000€400 0.000€400 0000400 | 4.700E+04  9.800E400 | 4.606E405 18916113 9.80 300628 | 2597372.59
2.000E407 - 1090.00 0.000£+00 0.000E+00 0.000E+00 0000E+00 | 4700E+04  9.800E+00 | 4.606E+05 10326114 9,80 290828 | 2626455.36
——Weight vs. Time 1100.00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 4.700E+04 9.800E+00 4.606E+05 6.211E-116 -9.80 2810.28 2654558.13
1.500€+07 — Thrust vs, Time 1110.00 - 0.000€400 0.000€+00 0.000€+00 0000E+00 | 4.700E+04  9.800E+00 | 4.606E405 41236117 980 271228 | 268168089
113000 0000E:00 | 0O00E:00 | 0OOOEAGO | 0O00E:00 | A700E:04 | S.800EI00 | 46OSEA0S | 2438E118 950 si62s | 273298643
5.000E406 114000 OO0OEW0 | 0.0OE'00 | 0000EA00 | OOOOESOD | A7OOEWOA | 9800Ee00 | 4G0GEWS | 272120 950 24182 16920
T~ 115000 - | 0000Ei00 | 0000400 | 0000E+00 | 0000Es00 | 47006404 | 98006400 | 4.6OGEA0S 21306121 980 232028 | 278037196
I~ 1000e+00 1160.00 B GO00EIC0 | GO0DES00 | 0000EA00 | DO0OES00 | 47006003 | S.800EI00 | 4606605 | 23126122 | ASMEIW 580 T8 280259473
000 20000 40000 600.00 800.00 1000.00 1200.00 1400.00 117000 0000EI00 | 0O0DE:00 | 0O0EAD | DOOOE:00 | 4700E+04 | S.800E:00 | 4GOSEA0S | 2764E123 | AS9SEALS 950 21628 | 282383750
113000 OO0OEWD | 0.00EW00 | 0000ESGD | 0.0OEW00 | 4700EWOI | S.00EW00  4606E0S | 3643124 | SSazedis 950 200628 | 284410026
1190.00 - 0O00EI00 | 0O0EA00 | 0O00EW0 | 0O00EN00 | 47006004 | S.B00EI00 | 4606EW0S | 52976125 | 7890E-A17 980 192628 | 2863383.03
120000 - 0O00EI0 | 0O0DES0O | 0O00EA0 | 0O0OES00 | 47006003 | S.800EI00 | 4606605 | 8.495E126 | LI40ELT 980 183028 | 2881685.80
21000 OO00EI00 0O0DE-00 | 0OOEAO 000000 | 4700E:04 | 9800EN00 | 4606Ei0S | Lso3Ei2e | L80GE11s 460sE0s | 9.0 13228 28000856




