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By James J. Gallsgher and Louls W. Hsbel

SUMMARY

The pressure drops through electrically heated Inconel tubes with
length—diameter ratiocs of 29.25, 58.50, 87.75, and 117.00 have been
measured at entrance Mach numbers from spproximately 0.12 to the value
at which choking occurred. The heat—Input rate was varled from zero
to the highest values allowable wilithout damaging the tubes. Experi-—
mental data end a nuxber of computed varlables are presented in tabular
form.

INTRODUCTION

In reference 1 the effects of heating and compresesibility on the
Tressure drop through tubes, as determined with the arrangement shown In

Pigures 1 and 2, are presented for tubes of L 29.25, 58.50, 87. 75,

’
cpgere
from zero to 0.4, the latter figure representing a value above those
encountered in typicsl present—day tubular—radlator installations. For

the tube of % = 29.25, wvalues of the heat—input parameter could not be

and 117.00. These data are presented at heat—input parameters,

obtained much greater than 0.3 because ebove this value the tubes became
excessively hot. For the longer tubes, however, values larger than
those presented in reference 1 were obtained, 1.3 being reached with the

longest tube tested (% = 117-00). The low heat—input data were
obtained to verify the theory presented 1n reference 2.

All of the data obtained in the investligetion are presented in
the present paper to make information available for special use.

SYMBOLS

A crogg—sectional area of radiator tube, squars feet

a . veloclity of sound in air, feet per second
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Cp gpecific heat of alr at constant pressure, Btu per
pound per °F (0.24) L

4 radlator—tube dlameter, feet
g acceleration of gravity, feet per second per second
H heat added .in radiator, Btu per second
L length of radlator tube, feet
M Mach number (v/a)
m mass—flow rate, slugs per second (pAv)
P gtatic pressure, pounds per square foot
Ap total pressure at station 2 minus static pressure st
station r3, pounds per square foot
R Reynolds number (p_vd_ or _m_d_) - o
H Ap
T free~stream alr temperature, °F absolute
v veloclty in radlator tube, feet per second
p denslty, slugs per cubic footl
78 vlscosity of alr, pound—seconds per sqguare foot
Subscripts:
2 station ahead of radiator
rs statlion within rediator at tube entrances
r3 o station within radiator at tube exlits
APPARATUS

A schematlc dlagram of the test setup is shown in figure 1. Alr
from the compressor and supply tank passed through a steam—heated
radistor and two regulator valves before enterling the surge tank ahead
of the tube. The regulators allowed the surge—tank pressure to be
maintained at any desired value. The preheat radiator was found to be
unnecessary, as described in reference 1. The alr flowed from the surge
tank into the bell-mouth entrance to the tube, through the tube, exhausting
into the atmosphere. - : —
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Tubes having length—dlameter ratlios of 29.25, 58.50, 87.75,
and 117.00 were tested. The tubes were made from 0.25-inch Inconel
tubing which was reamed end polished to a constant inslde dilsmeter
of 0.205 inch. The tubes were heated by passing an electric current
through them. (Bee figure 1.) Power was furnished by a bank of storage
batteries and regulated by means of a slide-wire rheostat. The no—flow
heat losses were determined in order to obtaln the heat losses under
test conditions. Each of the bell-mouth entrances to the tubes was
callbrated so that the actual mass flow could be determined during the
tegts from msasurements of pressure and temperature at station 2 and
the pressure at station r,. The methods used in the heat—loss deter—
minations and bell-mouth calibrations, as well as a further description
of apparatus and the test method, are glven In reference 1.

As discussed in reference 1, it was found necessary to fix the
point of transition from laminar to turbulent flow at the tube entrance
to obtaln conelstent datae, Figure 2 ghows the transition strip which
was used. The strip consisted of a commercial iron cement (Smooth—on
Ro. 1) a few thousandths of an inch thick and approximately 1/32 of an
Inch wilde. ' ;

RESULTS

In tables I to IV, dats are presented for tubes of % = 20.25,
58.50, 87.75, and 117.00, respectively, with the transition fixed at
the entrance. Each line of data in the tables represents a test polnt
and each table 1s dlvided into groups of from six to nine test points.
Each group of test pointe represents & serles of test made at approximstely
congtant pressure drops through the tubes. In sach table the Tirst
five columms represent data which are measured values. These data are
presented In units other than those in which the various paramsters were
meagured. The heat input H 1is the actual heat input to the tube, the
losses being subtracted from the measured values of the total heat Input.
The msthod used to determine the heat losses is explained in reference 1l.
The remaining colums are calculated data. The entrance Mach number MTE’

the mass—flow rate m, and the Reynolds number R were computed from
the measured entrance conditions. The exit Mach number Mr3 and

temperature T, were determined after the exlt denslty p. wag
computed ag shown in reference 1. The pressure drops acroses %he tubes
were measured to the nearest millimeter of tetrabromoethane and are there—

fore belleved accurate to approximately l/é pound per square foot. The
Dressures P, and P, are believed to be accurate to at least 1 pownd

per square foot. The temperature T, ehead of the tube 1s belleved
accurate to 1° Fahrenhelt. To determine the tube exit conditions it was
naecegsary to solve a slmiltaneous equation which involved a comparatively
small difference of large numbers; hence M, and T, are probably

accurate to only within approximately 3 or 4 percent for values of Mf3
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less than unity. When sonlc velocity is attained at the tube exits, the

accuracy with which the exit condltions may be calculated is considerably
poorer. All remainling data are belleved accurate to wilthin approximately
1 percent. } o

It 1is noted that from zeroc to the extremely high heat—input ratio,
no discontinuities or abrupt changes occur in any of the measured or
computed quantities, Of particular interest 1s the exit Mach number Mr

which 1s shown to remain approximately constant for any perticular pressure
drop through the tube regardless of the heat—Input rate. In several
instances the calculated exlt Mach number 1s sbove unity. As the exit
Pressure p,  was assumed to be atmospheric, the true pressure at

station r, is not known once sonic velocity is attained at the rear of-

the tube. Also, the basic assumptions made in deriving the one—dimensional
theory which was used to compute the tube—exlit conditions probably invalidate
its use ag the exlt Mach number approaches unity.

Data obtained for the tube with the length—dlameter ratioc of 29.25
and a round smooth entrance are presented in table V. These date do not
show qulte the consistency of the data obtained with the point of tran—
gition fixed at the tube entrance because, as explalned in reference 1,
the addition of the heat apparently caused the point of transition to
move Pforward in the tube even though the entrance Mach number and Reynolds
number remained constant. Only limited date were obtalined with the round
smooth entrance es this condition in no way stimwlates the tube entrances
in actual tubular radilators which undoubtedly have turbulemt flow through-—
out their entire length due to the sharp edges at the entrances.

Lengley Aercnantical Laboratory
National Advisory Committee for Aeronsutlics

Langley Fleld, Va.
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TABIE T

TUBE L/d = 29.25

E_;I:r-anaition Fixed at Tube Entra.n_ce]

. E
Ap P T H B n X R T
2 2 Lo M.rz 10° Mr3 3 cpsﬂra
131.4 | 225k | 542 |O 2123 {0.216 | 13.2 25,200 [0.219| 537§ O
132.3| 2255 | sk2 | 060 | 2123 | .205 | 12.6 2,100 | .217| 574 .069
133.9| 2257 | 5k2 | .150 [ 2123 | .198 | 12.2 23,400 | .218] 617 150
133.9 | 2257 | 5k2 | .190 | 2123 | .19% | 12.0 22,900 | .218| 640 .190
133.5| 2257 |5k | 265 2123 | .186 | 11.6 22,100 | 216} 679 265
133.9 | 2257 | 543 | .312 | 2123 | %182 | 11.3 21,500 | .215| TOS .312
133.2| 2256 | 543 | .350 | 2123 | .178 | 11.1 21,100 | .21k 726 .350
267.5| 2391 | 543 |0 2123 | .323 | 19.1 36,800 | .316{531 | O
268.8| 2392 |54k | .08} 2123 | .285 | 18.2 .| 35,000 | .31%| 575 .080
269.3 | 2392 | 5kk | 139} 2123 | .275 | 17.6 33,700 | .311{ 607 -139
268.4 | 2391 | 54k | 220 | 2123 | .261 | 16.T7 32,200 | .307| 650 .220
269.5) 2393 |54k | 276 | 2123 | .255 | 16.% 31,k00 | .307| 68¢ 276
268.0 | 2391 | 547 | 3272123 | .2k7 | 15.8 30,100 | .303] T12 .372
268.6 | 2392 | 5k7 | 379 | 2123 | .2kl | 15.5 29,500 | .303| T39 -379
397.2 | 2530 | 54T |0 2123 | .35T7 | 23.k 45,000 | .388| 532 | ©
398.4 | 2531 | 547 | 06T | 2123 | .340 | 22.k 43,100 | .384| 567 087
399.0 | 2532 | 548 | .132 | 2123 | .326 | 21.6 41,400 | .382( 602 132
398.3 | 2531 | 548 | .191 | 2123 | .315 | 20.9 40,100 | .378| 632 101
100.5 | 2534 | 548 | .229 (2123 ] .310 | 20.6 39,500 | .379 ]| 653 229
399.6 | 2533 | 548 | .284% | 2123 | .300 | 20.0 38,300 | .3761 682 .28L
399.8 | 2533 (548 | .37% (2123 | .288 | 1g9.2 36, <37k} T30 «37h
537.8 | 2661 [ 549 [0 2123 | .403 | 27.2 52,600 | 450,528 | ©
539.5 | 2663 | 54k9 | .070 | 2123 | .383 | 26.1 | 50,300 | .47, 565 .070
s5ko.2 | 2663 | 549 | .130 | 2123 | .360 | 25.3 48.700 | Ml . 596 .130
540.7 | 2664 | 5k9 | 187 | 2123 | .355 | 2k.5 47,100 | M2} 626 .187
541,k | 2664 | 5k9 | .266 | 2123 | .340 | 23.6 45,300 | .%39 | 667 .
542,1 | 2665 | 549 [ .319 | 2123 | .331 | 23.1 2300 | 438} 694 .319
5kl | 2664 [ 5k9 | .357 | 2123 | .32k | 22.6 53,400 | k36 715 .357
1085 3208 | 551 |0 2123 | .505 | 39.2 76,700 | 637150 | O
1085 3208 {551 | .098 | 2123 | k81 | 37.7 73,300 | .631 ; 5h2 .06l
1085 3208 | 551 | .189 | 2123 | .460 | 37.k 70,600 | .627 | 5Tk 127
1086 3209 [ 551 | .300 | 2123 .k38 | 35.0 67,700 | .624 | 614 .208
1087 3210 551 | .353 | 2123} .%28 | 3h.k 66,700 | .62 | 634 249
1087 3210 |S551 | .3 223 | %19 | 33.7 65,200 | .620 | 651 .283
1088 3211 |551 | 433 (2123 ] 413 | 33.k 64,500 | .621 | 668 .31k
1631 3754 | 552 |0 2123 | .545 | 4B.6 95,500 | .TTT |49% | O
1636 3759 | 552 | .101 | 2123 | .527 | b7.k 93,000 | .TTT|518 { .053
16h2 3765 | 552 | .2k7 | 2123 .500 | k5.7 ,100 | .TT6 | 556 .133
1630 3753 | 552 | -3#3 (2123 [ .483 | 3.9 85,500 | .765 | 584 191
1640 3763 I552 | 430 | 2123 | .k69 | k3.k 4200 | .T70 | 608 22
1637 3760 | 552 | .517 | 2123 | k56 | k2.2 81,900 | .766 | 635 .298
2554 | | L6TT | 552 |0 2123 .567 | 62.6 [123,700 | .9T3 |466 { O
2545 4668 | 552 | .1hhk | 2123 | 545 | 60.% 1118,800 | .965 | k92 .059
2547 4670 | 552 | .268 | 2123 | .528 | 59.0 (115,700 | .96k | 515 112
4669 |552 | .381 | 2123 | .512 | 57.5 |112, .961 [ 538 .163
25kl 4667 | 552 | k88 | 2123 | .49T | 56.1 [109,500 | .957 [561 .21h
2549 | 4672 |552 | .633 | 2123 | .4T9 | S4.T [106,400. | .958 |592 | .26k




TABLE II

TUBE L/d = 58.50

[Trenettion Fixed at-Tube Entrance |
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2p | P T i d T m X 10° R [ 7 2z
2 2 r3 u.l'a 3&3 r3 cpmra
134,.8 | 2248 | 53T |0 2113 |0.182 | 11.3 21,800 {0.188[533 | ©
134.6 | 2248 {537 | 0282113 | .175 | 10.8 20,800 | .185 | 567 060
134.9| 2248 | 53T | 056} 213 | . 1.4 20,100 | .1B5 | 603 .129
135.3{ 2248 | 537 | .109 | 2113 | .156 9.70 { 18,700 | .183 | 678 271
135.7 | 2249 | 537 | .17 | 2113 | .1h3 8.93 | 17,200 181 | 786 469
135.7 ) 2240 | 537 | .222) 2113 | .135 8.51 ,400 | .181 | 870 627
135.8 | 2249 | 537 | .23% | 2113 | .135 8.42 | 16,100 | .182 | 89k .665
307.5 | 220 |53 1o 2112 [0.268 | 1T7.% 33,600 {0.292 53k | ©
308.0 | 220 | 543 | .Ok6 | 2113 | .258 | 16.8 32,300 | .290 | 568 .065
307.8 | 2420 | 543 | .090 | 2112 | .2kg | 16.2 31,100 | .288 | 604 .133
308.0 1 2420 {543 | :137|2112 | .239 | 15.6 30,000 | .287 ) 646 211
308.2 | 220 {543 | .202| 2112 | .227 | 14.8 28,400 | .285 | 708 .329
309.3 | 2821 |53 | .256 | 2112 | .219 | 1h.3 27,400 | .286 | 762 429
309.7 | 2hke2 [543 | .319 | 2112 | .207 | 13.6 26,100 | .285 | 832 .561
310.3 | 2422 )543 | .395 | 2112 | .19% | 12.9 2i,600 | 284 | 926 735
401.8 | 2514 | 545 (O 2112 | .302 | 20.0 38,600 {0.335 {535 | ©
h03.2| 2515 | 345 | .06 | 2112 | .288 | 19.2 36,900 | .334 | 575 .080
403.4 | 2515 {545 | .120 | 2112 | .276 | 18.5 35,500 | .333 | €615 .156
403.6| 2516 |545 | .186 2112 | 262 ) 17.7 33,800 | .330 | 667 .253
4ot 6| 2517 |45 | .285 | 2112 | 245 | 16.6 31,700 | .329 | 752 413
BoLk.8 | 2527 {545 | .365 | 2112 | .232 | 15.7 30,000 | .327 | 828 55T
Los.4 | 2517 {545 | J4h9 | 2112 | 21T | 1.7 28,200 | .324 | 920 . T
81k.5 | 2927 | 545 |0 2112 | .393 | 29.4 57,100 | 486|521 | ©
815.0 | 2927 1 545 | .084 | 2112 | .375 | 28.3 | 54,700 | .uB4 |S557 | .073
815.8 [ 2928 545 | 145 [ 2112 | .364 | 27.6 53;400 | 484 | 586 .128
818.4 | 2930 | 545 | 267 | 2112 | .3k2' | 26.2 50,600 | 482 | 647 247
817.8| 2930 [ 545 | .330 | 2112 | .330 | 25.3 18,900 | .kT9 | 682 .315
818.9 | 2931 (345 | L4l | 2112 | .32 | 24.2 | 46,500 | 479 | T4T Sl
819.8 | 2932 | 543 | .669 | 2112 | .2T9 | 21.8 41,800 | .4Th | 903 . ThO
819.7 12932 | 545 | .603 |2112 | .291 | 22.6 43,400 | . 851 642
1362 | 3481 {543 (O 2119 | 451 | 39.1 76,800 | .633]503 | ©
136k | 3483 {543 | .119 |2119 | 431 | 3T.7 73,800 | .633 | Skl 078
1364 | 3483 [543 | .219 {2119 | .k1% | 36.5 71,00 | .632 {57k 4T
1367 | 3486|543 ] .299 12119 | .399 | 35.5 69,300 | .630 | 604 .
1360 | 3488 {543 | .428 | 2119 | .380 | 3k.1 66,300 | .630 | 654 .306
1367 | 3486 | s543 | .539 |2119 | .363 | 32.9 63,800 | .627 | 70O koo
1369 | 3488 {543 | .693 | 2119 | .344 | 31L.% ,800 | .627 | 768 .538
1370 | 3489 [543 | .765 | 2119 | .33% | 30.7 59.k00 | .62T | 803 606
2176 | k295 | 542 {0 2119 0.18 | 51.5 (101.800 [0.812 {479 | ©
2177 | heg6 |5h2 | 112 | 2119 | .47L | S0.0 98,600 | .811 }505 056
2207 | k326 |sk2 | .229 | 2119 | .3k | BB.T 95,700 | .812 | 533 117
2178 | hog7 |Sk2 | .390 | 2139 | .k32 | 6.7 91,500 | .808 | 576 .
2179 | 4298 | sk2 | 514 | 2119 | k16 | b5.3 88,700 | .808 | 609 279
2182 | w301 |su2 | .664% {2319 | .399 | k3.9 83,700 | .809 | 652 .371
2181 | 4300 {542 | 8272119 | .376 | 41.8 81,500 | .802 ] 706 185
~8k | 4303 {sk2 | 965 | 2119 | .363 | 40.6 79,200 | .803 [ 751 582
27h0 | 4874 | 539 |0 2134 | 498 | 59.5 (118,500 | 916 461 | ©
2739 | 4873 {539 | .09% {213k | k82 | 57.9 |11k,900 | .910 | h81 .04l
27k0 | 487h | 539 | .239 | 213k | 466 | 56.5 (111,700 | .91k | 510 .106
2739 | 4873339 | .358 | 213k | .45L | 55.0 108,500 | .911 535 { .162
2740 | 487k | 539 | .500 | 2134 | .435 | 53.4 105,300 | .910 | 566 .233
2Thl | 4875|539 | .658 | 2134 | 416 | 51.6 {101,400 | . 605 .316
27he | 4876 | 539 | .BoL | 2134 | .02 | 50.2 98,500 | .910 | 640 .
o7hh [ 4878 (539 | 912|213k | .390 | k9.1 | 96,200 | .909 | 669 | 458
o7hk | k878 1539 |1.13 | 213k | .372 |4T.2 92,200 | 921 (728 | .
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PABLE ITT
TWRE L/4 = 87.75

[Trensition Fixed et Tube Entrance]

A T | E mx10° | =R r. | —B—
p P2 2 Pr3 Mre M!‘3 I'3 cpgumra
133.9 | 2247 | 548 [0 - | 2113 | 0.15L 9.67 |1B,340 |0.163 | 545 | o
134.7 (2248 {5k9 | .053 3| 143 9.01 |17,050 | .163 | 623 -.1ko
135.1 ) 2248 | 549 | 1052113 | .13k 8.59 |16,060 | .163 | T06 .292
135.9 | 2249 | 545 | .12 | 2113 ; 124 8.07 [15,350 | .162 | 768 bt
137.k | 2250 | 56 | .183 | 2113 | .119 7.79 (1k,810 | .164 | 845 556
137.8 | 2251 [ 541 | .22k | 2113 | .111 T.34 | 14,030 | .162 | 933 .T31
137.8 j2251 {543 | .270 | 2113 | .107 T7.05 |13,h10 | .164 | 1032 .910
265.7 | 2363 | sk |0 2097 | .218 | 13.9 26,600 | .235| 538 | ©
267.6 | 2365 [ 5k | 090 | 2097 | .200 | 12.8 24,500 | .235 | 628 .168
268.8 | 2366 | 5kk | .180 12097 ( .184 | 11.9 22,800 | .236 | T30 «360
269.9 | 2367 |5kl | 242 | 2097 | .173 | 11.3 21,500 | .234 | 813 513
271.0 | 2368 |54k | .313 | 2097 | .161 | 10.6 20,100 | .233 | 91T <705
272.8 12370 538 | .379 | 2097 .152 | 10.2 19,600 | .236 |1008 897
273.1 | 2370 | 538 | k25 | 2097 | 147 9.82 |18,900 | .236 |1087 | 1.0k
273.3 | 2370 | 538 | k62 | 2097 | .146 9.75 | 18,700 | .239 (1239 | 1l.1%
399.5 | 2497 | 538 [0 2097 | .260 | 17.5 33,900 | .293 | 529 | O
ko1.0 | 2498 {538 | .112 (2097 | .239 | 16.1 31,200 | .292 | 617 .168
401.1 | 2498 | 539 | .19T | 2097 | .224 | 15.2 29,300 | .292 | 695 «313
402.5 | 2500 | 539 | .272 2097 | .207 | 1k.1 27,200 | .286 | 776 .
03.4 | 2500 {540 | .393 | 2097 | .193 | 13.2 25,300 | .200 | 910 .T16
ko5.0 | 2502 540 | 46T {2097 | .183 | 12.6 24,200 | .290 | 1004 .89h
305.7 12503 |5ko0 | .5k8 | 2097 | .1TH | 12.0 23,100 | .292 1111 | 1.10
405.9 12503 | 540 | .586 {2097 | .170 | 11.8 22,600 293 {1164 | 1.20
540.7 | 2652 | 532 |0 2111 | .293 | 20.9 40,500 | 346 | 525 | ©
5ko,7 | 2654 | 532 | 116 | 2111 | .272 | 19.5 37,900 | .346 | 600 <1h4
54l.3 12655 1533 | 246 2111} .251 | 18.0 3%,800 | .34k | 699 «331
545.1 | 2656 |53k | .359 2111 | .23% | 16.8 32,400 | .34k% | T96 51T
5464 | 2657 [ 534 | 459 2111 | .219 | 15.8 30,400 { .342 | 895 <701
5k7.3 | 2658 {534 | 543 | 2111 | 209 | 15.1 29,100 | .341 | 982 .866
548.2 (2659 |53k | .625 | 2111 ¢t .201 | 1k.T 28,100 | .346 |1067 | 1.03
548.9 | 2660 {535 | .T20 2111 | .192 | 1k.O 26,800 | .3%7 (1180 | 1.2k
67L.5 | 2790 | 537 |0 2115 t .319 | 23.7 ¥6,300 | .31 } 521 ©
67T.% | 27192 | 537 | 142 {2115 | .293 | 22.0 42,700 | .390 | 603 .158
680.1 | 2795 1537 | -285 | 2115 | .272 | 20.5 39,800 | .391 | 695 .338
681.0 | 2796 {537 | k06 {2115 | .253 | 19.1 37,100 | .388 | 788 517
682.2 | 2797 {538 | .538 |2115 | .238 |.18.0 34,800 | .390 | 897 723
683.1 | 2798 | 538 | .632 | 2115 | .226 | 17.2 33,200 | .390 | 985 .890
683.7 | 2799 |538 | .706 {2115 | .219 | 16.T 31,200 | .391 [1055 | 1.03
684.8 | 2800 |538 | .802 |2115 | .210 | 16.0 30,900 | .393 (1150 | 1.21
805.6 [ 2921 [ 538 |0 2115 { .341 | 26.2 51,100 | k31 { 519 ( ©
807.6 {2922 ;538 | .128 | 2115 | .318 | 2k.7 48,000 | .k31 | 583 127
811.3 | 2926 |538 | .314 [ 2115 | .200 | 22.7 4,000 | 431 | 692 .338
812.6 | 2028 |539 | b2 2115 | .270 | 21.3 k1,300 | B30 | 778 «50h
814k.1 [2929 {539 | .542 |2115 | .258 | 20.k 39,300 | k30 | 852 645
815.6 {2931 | 539 | .683 {2115 | .24l | 19.1 36,900 | .1k30 | 965 .865
816.5 {2932 |539 | .843 2115 | .229 | 18.2 35,000 | .435 [1099 | 1l.12
1 817.2 } 2932 | 539 | .907 |2115 | .223 | 17.7 3%,100 | 436 {1159 | l.2%



NACA RM No. L8&F18

, TABLE IIT — Concluded

TUBE L/a = 87.75

Ap | P T E P mx 107 R T E
2 2 1‘3 }ﬁ'a %‘3 r3 c. pmra

1078 | 3193 { 539 {0 12115 [0.371 30.7 | 60,100}0.503 | 522{0

1081 1 3196 | 539 | .229{ 2115 | .332 28.0 | 54,500 .501 | 61k| .200
1083 1 3198} 539 | .383 2115 | .311 26.5 | 51,500 | .50k | 691] .352
1086 | 3201 | 539 | .520| 2115 | .293 25.1 | 48,700} .503 ! 768| .

1088 | 3203 | 539 | .659 1 2115 | .277 23.8 | k6,100 | .505| 858} .672
1089 | 3204k | 539 | .828] 2115 | .261 22,5 | 43,500 | .506 .893
1091 | 3206 | 539 | .965| 2115 | .2bT | 21.k | 41,400 | .506 | 1068 | 1.09
1091 | 3206 ) 539 {1.019 | 2115 | .243 2.1 | ho,700 | .507 |2108| 1.17

1613 | 3743 (538 o 2130 | 408 39.1 | 76,900 .627 | k99| 0
1615 | 3745 | 540 | .242 | 2130 | .37 36.1 | 70,500 | .624 { 581| .165
1618 | 3748 | 540 | 433 | 2130 | .3kT 3h.1 | 66,4001 .626 ) 653 .311
1619 | 37h9 | 540 | .609 | 2130 | .326 32.2 | 62,600 .626 | 731 .h61
1623 {3753 | sk0 | .802 | 2130 | .306 30.6 | 59,400 | .629 | 819| .638
1625 | 3755 { 541 | 94T | 2130 | .293 29.4 | 56,800} .631 ) 892} .781
1626 | 3756 | 541 |1.08 | 2130 | .282 28.5 | 55,000 | .632| 957 .922
1628 | 3758 | 541 |1.19 | 2130 | .272 27.5 | 53,200 | .631 {1020]1.05
2160 | b2go [ skl |0 2130 | kot 46.3 ] 90,800 ] .738 | 4890
2164 | 4oo4 | 541 | .250 | 2130 | .393 43.5 | 84,900 | .736 | 556 | .142
2165 | 4265 | 51 | .498 | 2130 | .365 4.8 | 79,300 .735| 631| .299
2168 | 4298 (541 | .733 | 2130 | .342 | 38.5 | 74,800 | .737 | 70| .hEk
2170 | 4300 {541 | .896 | 2130 | .326 37.0 | 71,600} .738 | TTL| .590
2172 1 4302 | 542 11.06 | 2130 | .311 35.6 | 68,700} .739 | 83T} .72%
2173 {4303 {542 |1.22 | 213C | .303 3k.7 | 67,000 .745 .851
2175 | 4305 | 542 |1.36 | 2130 | .291 33.% | 64,500 | .7hh [ 963 | .988
2177 t 4307 | 542 |1.50 | 2130 | .283 32,7 | 63,100 | .Tho (1020 1.22
o270k [ 4827 | 545 |0 2123 | .438 53.0 {103,400 | .835 | k79 | ©
2710 | 4833 |545 | 31012123 | 401 | k9.5 | 96,300 | .836 | 549 .153
2712 {4835 {545 | .588 | 2123 | .37 46.3 | 89,700 | .843 | 638 ] .308
2714 1 4837|545 | .82 2123 | .355 k4.7 | 86,300 | .838 | 678 Lok
2715 | 4838 i5k5 (1.04 | 2123 | .33k L2.3 500 8391 759 .596
2719 | 4842 545 (1.23 | 2123 | .320 ho.7 | 78,k00 | .840 | 822} .T30
2721 | 48LY 545 |1.42 | 2123 | .304 39.1 | 75,200 ] .839 | 890 | .874
2722 [ k845 (545 (1.60 | 2123 | .298 38.2 | 73,300 ] . 953 | 1.01
3390 | 5513 (548 {0 2123 j0.445 119,100 | Q49 | 46k |0

a2
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3395 | 5518 {5k8 | .356 | 2123 109
3396 (5519 |5u8 | .617 | 2123 | .385
3398 [ 5521 | 548 | .920 | 2123 | .360
3401 | 5524 | 548 {1.19 | 2123 | 340
3405 (5528 |548 |1.40 [2123 | .326
3406 | 5529 |548 |1.58 | 2123 | .315

3410 | 5533 |548 {1.91 | 2123 | .300 . 5200 | .968 | 935 | 1.04
LOT6 [ 6199 {5h2 { O 2123 | k51 1.06 30
Lo80 | 6203 [543 | .327 [ 2123 | .419 . ,900 [1.06 Lo6 | .122
4085 16208 {543 | .753 | 2123 | .383 .7 {119,800 }1.06 572 .298
4086 | 6209 |5k3 [1.04 | 2123 | .364 .7 |11%,000 |1.06 630 [ .k32
4090 | 6213 {543 { 1.3k | 2123 | .339 .9 1108,300 {1.06 696 | .s582
4092 | 6215 |543 |1.58 | 2123 | .331 .1 ]10%,700 {1.07 TS50 | .TLL
k095 | 6218 {543 |1.79 | 2123 | .320 .5 1101,500 {1.07 81| .825
4097 | 6220 |S543 | 2.07 | 2123 | .305 . 97,400 {1.07 87h | 1.00




NACA RM No. LEF18

TABLR IV
TGBE L/d = 117.00

Epransiticn Fixed at Tube Entrancé]

&p | po | T E |p M, m X 107 R T K
2| *3 2 Ty | CpSlry

135.0 f 2243 { 540 |0 2108 [0.132 8.82| 16,900 [0.150 | 549 | ©
136.0 | 22kk | 540 | .101 | 2108 | .11T7 T.64 | 14,600 | .160 | 627 .316
136.2 | 224k | 5k0 | .15k | 2108 | .107 7.05| 13,500 | .148 | 837 .524
136.5 | 2245 | 540 | 197} 2108 | .099 6.67| 12,700 | .1k8 | 937 705
136.9 | 2245 | 540 | .239 | 2108 | .092 6.251 11,900 | .147 |10ko 916
137.1 | 2245 | 5o | .262] 2108 | .090 6.18| 11,800 | .149 (1102 | .01
267.4 | 2375 | 542 |0 2108 | 194 12.6 | 24,200 | .215 [ 543 | ©
269.7 [ 2378 | 543 | .109] 2108 | .175 1.5 | 21,900 | .217 | 667 .226
271.6 | 2380} 543 | .228 | 2108 | .15k 10.3 | 19,700 217 | 830 .528
272.3 | 2380 | 543 | .318] 2108 | .139 9.44 1 18,000 | .217 | 981 .805
272,5 | 2382 543 | 371 2108 | .131 8.96| 17,100 | .216 [1082 .987
273.1 | 2381 543 | ko5 | 2108 | .126 8.60 | 16,400 | .217 {1186 | 1.18
272.7 12381 544 | .4k5 | 2108 | .123 8.44 16,100 | .217 |1230 | 1.25
399.4 | 2507 | 54k fO 2108 | .233 15.8 {30,300 | .268 | 547 | O
hoo.k | 2508 | sbk | .12k} 2108 | .213 .4 lo27,700 | 267 | 651 .189
koz.2 | 2510 54k | .222( 2108 | .196 13.h {25,600 | .268 | 764 <397
k03.7 2512 | 54k | .295]| 2108 | .183 12.6 | 2L,000 | .268 | 851 558
Loh,7 (2513 ] 5hk | .375 2108 | .172 12.0 | 22,800 | .268'| 957 .ThO
405.6 | 2514 | skl | k72| 2108 | .158 11.1 | 21,100 | .267 {1101 | 1.01
4o6.k | 251k | 545 | 549 | 2108 | .1k7 10.3 {19,700 | .26k |1241 | 1.26
539.% | 2647 | 545 |O 2108 | .265 18.7 35,900 | 317 | 545 | ©
Sho,0 | 2650 545 | .239 | 2108 | .226 16.1 | 30,800 { 318 | 738 .354
5h3.4 [ 2651 545 | .337) 2108 | .211 15.2 | 29,000 | .317 | 833 .532
5kl 6 | 2653 | 546 | k48| 2108 | .197 ik.2 | 27,100 | 318} 955 .T52
545.7 265k | 546 | .551} 2108 | .183 13.3 | 25,k00 | .318 |1081 .985
546.% | 2654t 546 | 605 | 2108 | .178 13.0 {24,600 | .319 pl152 | 1.11
5h7.1 | 2655 | 546 | .663 | 2108 | .169 12.4 | 23,500 | .316 {1241 | 1.28
679.1 | 2809 | 536 |0 2130 | .290 21.9 42,600 | .359 [ 522 | ©
683.2 | 28131535 | .256 | 2130 | .250 9.1 | 37,100 | .360 | 690 .328
684.5 [ 2815] 53¢ | 410 2130 | .228 17.5 | 33,800 | .359 | 820 572
685.7 | 2816 | 537 | 519 | 2130 | .26 16.6 | 32,000 | .360 | 918 .T59
686.6 12817 537 | .599 | 2130 | .205 15.8 | 30,600 | .359 | 1002 917
687.7 | 28181 537 | .695 ] 2130 | .195 15.0 | 29,000 | .359 {1108 | 1.12
688.6 | 2819 | 537 | .797 | 2130 | .18k k.3 | 27,600 | .359 | 1227 | 1.35
809.k | 20ko | 537 lo 2130 | .306 2h.0 46,800 ] .393] 522 | ©
813.9 | 294k | 537 [ .24T7 | 2130 | .268 21.3 | 41,300 | .395 | 667 .283
815.6 | 20461 537 | k21| 2130 | 245 19.6 137,900 | .395| T91 .523
815.8 {2946 | 537 | ko7 | 2130 | .236 18.8 | 36,400 | .39k | 853 6kl
817.5 | 2948 | 537 | .613 | 2130 | .223 17.9 | 34,600 | .396| 351 .831
819.0 | 29kg | 537 | .72k | 2130 | .211 16.9 132,700 | .395}1057 | 1.0k
819.5 | 2950 537 | .85T7| 2130 | .198 15.9 30,700 | .395 | 1199 | 1.31




NACA RM No. L&18

TABLE IV — Concluded

TUBE L/d = 117.00

A P T E m x 107 R 4
P 2 (72 Pry | Mrp My | T cpelr,
1081 | 3211 | 537 {0 2130 [0.335 28.5 55,500 | 0.463 | 515 0
108h4 § 3224 { 537 | .228 | 2130 | .300 25,8 50,300 | .46k | 625 215
1088 | 3218 | 538 | .387 | 2130 | .280 2.3 k7,100 465 | Tih 389
1089 | 3219 {538 | 559 | 2130 | .262 20,6 43,800 | 465 | 823 602
1091 | 3221 [ 538 | .727 | 2130 | .24 21.3 h1,100 | .468 | 9ko .830
1093 | 3223 | 539 | .869 | 2130 |, .229 20.0 38,600 | 46T |1056 1.05
109k | 3224 | 540 | .99k [ 2130 | .217 19.0 36,500 | 465 | 1168 1.26
1616 | 3746 | 540 1 0 2130 | .370 36.0 70,300 | .582 | 506 o]
1619 | 3749 | 540 | 326 | 2130 | .325 32.2 62,500 | .579 | 629 247
1623 3753 | 541 | 4T3 {2130 | .312 31.2 60,300 | .588 | 691 <369
1625 | 3755 [ skl | 672 | 2130 | .292 29.2 56,500 | .588 | 785 5
162713757 | ski | .866 12130 | .273 | 27.6 | 53,300 | .589 | 886 T
1629 | 3759 { 541 {1.07 {2130 | .255 | 25.9 | 49,900 | .589 | 100k 993
1631 | 3761 {541 {1.20 {2130 | .2h0 24.3 46,900 | .581 |1105 1.19
2163 | k293 |5kl |0 2130 | .389 43.2 84,200 | .68 | hok.2| ©
2167 | b297 |51 | (377 | 2130 | .346 39.0 75,900 | .691 | 608.0 236
2169 | 4299 | 542 | 539 [ 2130 | .331 37.4 72,700 | .693 | 664.0 «350
2173 | 4303 | 542 | 761} 2130 | .309 35.4 68,400 | . T48.1 521
217h | k30 | 542 ¢ (973 | 2130 | .291 | 33.4 | 64,600 ] .695 ! 837.5| .TOL
2178 | 4308 {542 |1.23 | 2130 | .272 3l.h 60,500 | .698 | 956.3 k6
2180 | 4310 | 542 |1.44 | 2130 | .25k 29.4 56,700 | .692 |1073.9 | 1.18
2712 | 4842 t 537 |0 2130 | .ho1i 50.0 98,500 .785 | 478.0] ©
2715 | 4845 | 537 | 295 | 2130 | .369 | L46.T | 91,600 | .787 | 551.0 | .156
2717 | 4847 | 537 | 542 | 2130 | 347 44,3 ,600 | 790 | 618.0 .301
2720 | 4850 (537 | .84 | 2130 | .321 41.3 80,600 | .791 | 712.3 .501
2725 | 4855 | 538 |1.09 | 2130 | .301 39.2 T6,200 | .Tok | T799.0 .682
2729 | 4859 [ 539 j1.40 | 2130 | .274 36.7 71,000 | .796 | 914.2 +930
2732 | 4862 | 540 |1.71 | 2130 | .261 34,1 65,900 | 797 (1055.7 | 1.2
3397 ( 5515 { 545 (O 2118 409 57.% {111,600 {0.899 | 470.0 | ©
3399 | 5517 | 545 | .297( 2118 | .38L | 5h.1 | 105,000 | .900 | 530.5 .134
3400 | 5518 | 545 | .607 | 2118 | .345 50.9 98,400 | .906 9 .289
340k | 5522 } 545 | 970 ) 2118 | .327 k7.5 91,500 [ .905 | 695.8 4ok
3410 | 5528 | 545 {1.19 | 2118 | .312 k5,7 88,100  .909 | 757.8 629
3412 | 5530 | 545 j1.51 | 2118 | .291 42.8 82,300 | .906 | 859.2 .
3k17 | 5535 | 545 [1.90 | 2118 | .269 39.9 76,600 | .801 | 958.0 | 1.1k
4078 | 6196 | 545 |0 2118 | .41k 65.1 |126,700 [1.00 5.1 0
4083 | 6201 | 545 | .310)2118 | .387 61.7 {119,800 {1.00 507.6 122
LO8T | 6205 | 545 | .563 | 2118 | .368 59.2 |114,600 |1.01 555.6 .231
4OoBT | 6205 | 545 | .84k | 2118 349 56.4% |108,900 |1.01 613.7 <363
4093 | 6211 {545 |1.21 | 2118 | .323 52,9 101,800 |1.01 698.1 S51
hooT| 6215 | 545 |1.60 | 2118 | .300 L49.6 95,500 |1.01 800.1 .T
Loo8 ! 6216 [ 545 {1.72 | 2118 | .296 L8.7 93,800 ;1.01 830.2 849
hlou{ 6222 | 545 | 2.08 | 2118 } 276 46.0 2400 |1.02 937.6 | 1.09




NACA RM No. L&18 ' 11

TABLE V
. TUBE L/d = 29.25

[Normal Transition)

Ap p | T2} E Pr, | Mr_ [mx10° R M. |T

3 2 31773 cpsmTra

49,17} 2195539 | 0 2146 |0.14h
49.26| 2195 | 540 | .020 j 2146 | .13k
49.17 2195 | 540 | .036 | 2146 | .126
4o.57| 2196 | 540 | .055 | 2046 | .119
k9.79| 2196 | sk0 | .OTO | 21k6 | .11

16,900 10.146 [ 537 | ©

15,900 | 141 | 567 .058
15,000 | .136| 596 .110
14,300 | .133] 631 176
13,k00 | 129} 667 .239

~_AN®®
SERB Y

136.2 | 2282|540 |0 2146 | .24k | 15, 28,800 | 2461534 | ©
135.2 { 2281|540 | .023 2146 | .235 | 1k. 27,900 | .242 | 553 .038
135.3 [ 2281540 | .050 2146 | .225 | 13. 26,800 | .238{ 580 .087
136.2 | 2282|540} .07k |21k6 | .215 | 13. 25,800 | .235]| 605 .133
136.7 | 2283 | sko | .100°|21k6& | .206 | 12. 24,700 | .231] 634 .186
¢ 136.1 | 2282 | 540 | .12k [ 2146 | 196 | 12. 23,k00 | .22L4 | 665 245

61,100 | k98510 | ©

56,400 | 477 | 5k2 .060
53,400 | 464 | 570 112
51,800 | .459 ( 588 .148
50,000 | .hh6 | 629 .227

87,700 | .690 | ko0 | €

83,900 | .676 | 509 .037
81,500 | .664 | 519 .056
T7,900 | .651 | 541 .101
23,300 .639 | 597 211

TO, 400 | .637 | 624 .265

553.7 | 2687|536 |0 2133 | .458
. 553.9 | 2687|5361 .026 |2133 | -«
551.7 | 2685|536 | .069 | 2133 | k17
550.8 | 2684 | 536 | .122 [2133 | .392
552.0 | 2685|536 | .157 [2133 | .378
552.6 | 2686 | 536 | .23k [ 2133 | .362

1126 32591536 |0 2133 | .560
1117 3250 | 536 ] .061 | 2133 | .533
1110 3243 | 536 | .089 | 2133 | .517
110k | 32371536 | .156 [2133 | .k9o
1102 3235|537 | .308 [ 2133 51
1098 3231 | 537 | k37 {2133 JL26
1100 3233 {537 | .379 |2133 | .436

1691 382k {538 |0 2133 | .590
1677 3810|538 | .091 {2133 | .565
16h7 3780 1538 .225)2133 | .521
1644 37TTT 1 538 | .36L 2133 | ko2
1637 3770 | 538 | .k33 |2133 | .i80
1638 3771|538 | .535 | 2133 | .h62

2650 L83 1538 (0 2133 | .602
2610 y7h3 1538 | .105 | 2133 | -579
258L k717 | 538 | .278 (2133 | .542
* 257k k707 {538 | .390 | 2133 | .523

: 2568 701 {537 | .520 | 2133 | .502
2567 4100 [ 537 | .588 12133 | .ho2

DUFDM DO WU OMIED® OAOUONDE UFHAN® PO FOWO

107,000 | .855 | 475 | O
103,000 | .817 | 496 .0k5
95,200 | .789 | 533 +120
90,700 | .T78L j 571 .201
88,500 | .T7T7 | 592 24k
85,800 | .T75 | 623 309

135,700 f1.02 {453 | O

130,700 {1.00 |LE7 .040
122,700 | .980 | 500 L116
118,800 | .975 | 524 .166
115,000 | .970 | 551 227
113,000 | .968 | 566 .260
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Figure 1-3chematic dlagram of test setup. ]
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