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FOREWORD

This final report is submitted by the United Technologies Corporation, Pratt & Whitney
Aircraft Group, Government Products Division, located in Palm Beach County, Florida. The
work ws conducted under Contract No. N00140-80-C-0097, Lot III, for the Naval Air
Propulsion Center, Trenton, New Jersey. This report documents work conducted during the
period 1 January 1982 to I February 1983. Mr. RJ. Delfoe is the Navy Program Manager and
Mr. W. Feltz is the P&WA Program Manager.

This report, P&WA/GPD/FR-17404 and NAPC-PE-87C, is issued in two volumes. Volume
I contains the main report- Volume II contains Appendices A and B which are supporting data.

m tal fuel studies, post-test analysis of heated tube specimens, and analysis of test
data won performed at the United Technologies Research Center, East Hartford, Connecticut
by Mr. J. A. TeVelde. Additional analysis and correlation of the test data was performed at thi
Govmnment Products Division by Dr. M. R& Glickstein.

The authors wish to acknowledge the valuable contributions of Mr. C.J. Nowack of NAPC,
and the assistance of the following individuals

Dr. L.J. Spadaccini for management of the URTC program, and Mr. E.J. Szetela of UTRC
for invaluable technical advice in planning and conducting the program, and in subsequent data
evaluation. Also, from the Government Products Division, the authors would like to thank
Mr. SA. Mosier, Technology Manager, for his help and advice in planning and conducting the
program.
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APPENDI A
TADULTED DBPOSIT DATA
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Initial Section
Teat Wo Surace Deposit Deposit

Duration Temperature Area Weght Rate
Runs Fuel hr) 01) (CONS) (mg) (01cm2-hr)

I NAPC Supplied 19.5 575 U.46 3.990 69
JP. 596 17.056 254

615 34.536 514
640 47.503 707
So 9A5 594
740 56.065 834
765 27.761 413
795 15.211 226

8m 6.153 92
870 0.285 4
95 0.634 9

2 NAPC Suppled 19 560 3.446 7.775 119
JP-5 575 26.383 403

606 53.061 811
640 70.866 1083
690 42.392 648
735 60.302 921
755 44.398 678
790 22.635 346
815 5.368 82
860 1.183 18
88o 1.823 28
920 0.800 12
965 0.738 11

3 Stresd Fuel 19 565 .446 1.111 17
hom Run 2 590 4.820 74

630 7.173 110
660 15.020 229
730 19.003 290
760 24.852 380
790 19.712 301
810 17.287 264
860 1.071 16
890 0.706 11
920 0.810 12
960 0.114 2

4 P&WA Supplied 14 565 3.446 22.549 467
JP-S 590 64.215 1331

625 106.652 2252
670 87.263 1810
720 64.344 1335
760 58.059 1204
790 45.679 947
830 2.943 600
870 4.576 95
895 1.770 37
930 38.269 793
965 1.435 30
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Iusito bection
T"t Wai Surfce Dpoit Depow

Duradom Tensxatuft Area WeIt Rate
ErieFul(hr) (M) (cmA) (ma) (CM'-Ir)

5 P&WA &upplbed 14 545 3.446 16.347 33
JP4 570 25.80 586

580 3L.107 749am 71.067 1473
80 O.101 71

700 100.678 2087
740 44.204 916

780 21.995 456
820 807
am 9689 62
80 1.723 36
905 1.439 30

9 1.142 24

S P&WA Supplied 10.5 535 446 3.547 96
JP4 575 7.453 206

am 25.725 711
630 46.208 1277
am 46.302 1280
720 96.565 269
770 71.392 1973
o0 19.139 520
840 7.485 207
885 2.212 61
910 1.268 35
940 1.236 34
960 1.418 39

7 P&WA SuppIed 1.2 540 3.446 0.177 44
JP- 565 0.264 66

50 0.27 61
am 3.237 806
730 12.48 3094
70 7.8M6 1965
760 6.197 1541
815 1.453 361
840 0.094 23
895 0.153 38
95 0.197 49

0.063 21

6 P&WA SUpplhsd 18 570 3.446 29.509 476
JP-m 8 45.965 741

610 66.585 1074
645 90.931 1466
700 118.210 1096
740 174.470 2813
770 120.370 1940
796 7.609 1711
83 16.614 266
$o 6.448 104
89o 4.529 73
925 2.961 47
965 1.388 22
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Initial Section
Tat Wal surface Deposit Deposit

Duration Temperature Area Weight Rate
Run Fue (hr) F) (cm') (mg) (0/Cm'-hr)

9 P&WA Supplkd 10 530 3.446 1.943 56
JP-5 565 12.957 376

595 32.719 950

630 64.519 1872
660 44.546 1293
730 51.626 1498
755 54.780 1590
785 9.295 270
825 7.264 211
865 0.755 22
885 0.823 24
915 0.855 25
955 0.763 22

10 P&WA Supplied 8 525 3.446 1.181 43
JP-5 550 5.347 194

575 12.062 438
615 23.019 835
655 12.062 438
710 33.935 1231
750 43.226 1568
775 18.007 653
810 3.051 111
850 0.858 31
880 0.906 33
910 0.859 31
940 0.883 32

11 NAPC-7 5 545 3.446 0.065 4
585 0.129 8
615 2.831 164
645 8.361 485
690 12.828 745
725 12.611 732
755 18.702 1085
780 9.120 529
815 1.798 104
850 0.978 57
870 0.212 12
890 0.540 31

12 NAPC-7 5 575 3.446 0.073 4
590 0.103 6
615 1.788 104
640 8.644 502
690 12.411 720
740 17.850 1036

760 16.524 959
790 6.330 379
825 1.270 74
860 0.249 14
885 0.194 11
905 0.153 9
945 0.059 3
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initial section
Teat wanl Surace Deposit Deposit

Duation Temperature Area Weight Rate
amFa (hr ) (ci,') 019) (p/cm'-hr)

15 NAPC.7 5 430 L44 0.199 12
450 0.171 10
465 0.144 8
486 0.196 11
520 0.040 2
550 1.425 83
570 3.694 214
Go 6.39 362
685 10.634 617
670 17.514 1017
6 2O.M 1182

720 13.341 774
760 3.811 221

16 NAPC-7 5 575 3.446 0.094 5
610 0.111 6
640 9.378 544
665 23.081 1340
730 19.609 1138
770 21.645 1256
790 27.3 1589
840 6.4U21 373
870 2.507 145
89 0.07 35
920 0.89 23

0 0.631 37

17 NAPC-7 10 590 446 3.922 114
615 18.215 529
645 33.172 963
60 27.580 800
725 43.327 1258
755 70.433 2044
785 15.373 446
820 1.029 30
840 0.537 16

8800.466 14

905 0.307 9
940 0.598 34

18 NAPC-7 5 550 3.446 0.844 49
575 1.735 101

655 15.046 873

700 19.953 1158
730 20.013 1162

760 6.802 395
805 2.888 168
845 0.293 17
875 0.179 10
945 0.296 17
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Initial Section
Teat Wall Surface Deposit Deposit

Duration Temperature Area Weight RateRun Bued (hr) Tepe) (cm2) re(p/hthr)

19 NAPC-7 4.75 730 2.584 13.900 1132
750 17.088 1392
765 19.273 1570
780 20.492 1669
800 18.058 1471
815 16.015 1305
835 13.457 1096
855 6.262 510
870 3.492 285
895 2.735 223
910 0.950 77
930 1.026 84

20 NAPC-11 5 590 3.446 7.108 413
620 15.524 901
650 48.271 2802
690 43.687 2536
740 54.715 3176
760 44.748 2597
790 43.605 2531
825 43.983 2553
860 31.522 1830
885 28.496 1654
910 19.350 1123
945 11.330 658

21 NAPC.11 5 455 3.446 0.187 11
465 0.380 22
485 0.314 18
620 0.747 43
-66 3.287 191
$75 9.139 530
600 16.291 946
640 26.246 1524
675 34.272 1989
700 36.479 2117
725 45.157 2621
760 7.423 431

22 NAPC-11 5 350 3.446 0.110 6
360 0.132 8
370 0.148 9
390 0.104 6
415 0.076 4
430 0.148 9
445 0.259 15
470 0.228 13
495 0.534 31
510 0.922 53
&3 1.445 84
560 3.526 204
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Initial Section
Test Wall Surface Deposit Deposit

Duration Temperature Area Weight Rate
Run Fuel (Jar) (OF) (cm' (IRS) (jt/cm'-hr)

23 NAPC-11 4 435 U46 0.065 6
450 0.153 11
470 0.125 9
506 0.386 28
540 2.042 148
560 3.679 267

65 9.747 707
620 19.883 1443
660 23.772 1725
686 41.748 3029
710 34.973 2538
750 39.019 2831

24 NAPC-11 1 475 3446 0.137 40
490 0.154 45
510 0.115 33
535 0.208 60
570 0.324 94
590 0.529 153
630 0.910 264
650 3.084 895
710 8.329 2417
730 3.051 885
770 1.739 505

25 NAPC-11 5 560 2.584 0.932 72
565 0.770 60
575 1.176 91
585 1.588 123
605 5.469 423
615 9.310 720
645 13.116 1015
600 16.887 1307
675 19.261 1491
690 25.315 1959
710 26.522 2053
720 36.918 2857
740 45.030 3485

28 NAPC-14 5 440 3.446 0.189 11
460 0.419 24
485 0.137 8
525 0.182 11
565 0.178 10
590 0.090 5
615 0.132 8
650 0.656 38
685 4.201 244
705 5.298 308

730 12.995 754
760 9.504 552
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Initial Section
Test WaLL Surface Deposit Deposit

Duration Temperature Area Weight Rate
Run Fuel (71r) (OP) (cM2) (mw (#,cM2-hr )

27 NAPC-14 5 320 .446 0.194 11
335 0.147 8
370 0.163 9
400 0.111 6
415 0.070 4
438 0.111 6
460 0.085 5
490 0.066 4
510 0.490 28
530 0.256 15
560 0.325 19

28 NAPC-14 1 460 3.446 0.085 25
480 0.054 16
520 0.138 40
550 0.104 31
575 0.107 31
640 0.170 49
680 0.331 96
700 1.120 325
725 1.881 546
770 1.200 348

29 NAPC-14 3.5 425 3.446 0.073 6
445 0.108 9
470 0.086 7
510 0.116 10
545 0.177 15
565 0.166 14
590 0.263 22
620 0.230 19
655 0.661 55
680 0.925 77
700 1.452 120
740 10.397 862

30 NAPC-14 5 550 2.584 0.082 6
580 0.127 10
640 0.116 9
670 0.257 20
705 0.258 20
715 0.455 35
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APPENDIX B
TABUIATED EXPERIMENTAL DATA
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