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.Aircrait carrier catapult trough heater tubing "I, ab t,•.1ted Pt

the Labaz itt~ry to determine the effect of inlet steam temnperature

on rate of tube wall deteriorztion. It was fou±Ad that as lang as the

catapult trurh heater was contlensia aU the steam that entered

tae trough heater tube metal temperatur& wol.±.; .,ot exceed

eaturation temperature, The process invoived in t-ube wall

deterioration is erosion. L5irnnlat ,u of shipboard operation in

the Laboratory s.o diGfiult and ,- ,stly so further ivestigations

should be made on shipboard, Condensate traps on shipboard

should be checked requiarly for proper operation.

tib,

'! I'j4.
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SUMMI . .

The Problem

The purpose of this test was v) dte.nine the effects of inlet

steam temperature on the rate of tube vwa "JJ. t rioration in. tLe trough

)'eaters of .nidirn airc.aft carrier sterrn cat.apu/lts.

is: mdings

't was determn;ed thLt the cause of %eater detziorat~on was

ero~ion of the inner surface of the t.zbe wal., Thi waf detrrmined by

chemical analysis of tube material collected in the con-ensate. It

wa,; also found thxt as long 2s the trough heater is actually condensing

steam, the internal tub.- zrwtal temperature will no: exceed the

saturation temperature of the steam at the 2ressur! a, which the heater

is operating. This i.. the result of desuperheating the steam during

its flow through the internal steel tube before contact wit& the trough

heater metal.

Recommendati',ys

Operatag ehipbo-a.r trouga hatiewtr systerrs should he regularly

.nspected to be sure that ali traps are operating properly and not

allowing steam to flao through the hel•, without ca.snsin.. Co,-

plate slmulatioo- if trough heater operation is not feasible sc it is

recommended that furt'hor ravestigation of this problem '-e c..rried

out on shipboard. An altesr ±e method of fin attachment should

L". iaventigated

iI--
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ADMINISTRATIVE INFORMATION

Testing to invýstigate the efftct of steam temperature on

70-30 copper -1'hkel catapult trough heater tubing was authorz--d

by Bureau of S'iils letter CVA/9480 Ser 648F. 396 of i March 1963,

Th6 c ort -; v tVe te'ting -mere chargeable to Allotment 211.

P-o~i-,rt 10, Appropriation SCN2461.

Testing began in June 1963 and wa3 comipletcd in January

1964.

'rhis is a final evaluation test report.

iii
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REPORT OF' INVESTIGATION

Introduc.-tion

The steam catapult cylinders of modern aircraft carriers are

located in an enclosed trough suspended from th, flight deck. To

maintain the r'atapult cylinder at a high enough temperature and thus

1.'even•T fluctu.ations in the length of the catapuit during a shot. il

trowgh warm-up system is providea. On USS CONSToXLLATION

.CVA-.64) there are eight individual h.-aters per troiugh with a

total length of 1050 feet. The material used is 70,.30 copper..nickel

finned tubing designee to uve 600 psi saturated stearn as the heating

fluid. The source of this steam is downstream of the main cata-

pult desuperheater, and the steam condensed tu the heaters is

returned to the ships feed system.

The 70-30 copper-nickel tubing has experienced repeated failures

in the form of gradual deterioration and loss of wall thickness. The

heater drains have become cloggea with scale and heater ,t"Ity

has been greatly reduced. S3ci' leterioration calls for frequent

renewal of entire trough heal'rig systems at considerable expense.

The purpnse of this test was to determine the effects of steam

temperature and other variables on the rate of tube deterioration and

to determine phyaical or chemical processes involved in the formation

of scale in catapult trough heater systems.
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Descriptior of Material

The catapult trough heater utilizes return flow by the use cl

two concentric tubes. The steam inlet and condensate drain connections

are located on the same -nd of the heater asser-bly. The steam is

suppLied t-xr-t.giz a 1" 1, PS seamless steel tube, Military SpecIficat. on

M*L-"- 0O157 Type "D", having 1. 31 ' OD and 0. 1,)"fwall thickness

TI"-. steam is discharged into the outer tube IZ" frjir. the sealed end

of the trough heater element. The oa.ter tube is mide oi 70-30

copper-nickel tubing, Military SpecificatioA MIL.-T-16420E, Class 1000,

Type 1, having Z.. 375" OD. and 0. 148" wall thickness. The tube

is finned with spiral wound copper-nickel fins that are spot welded

to the tube. The epacing between inner and outer tubes is maintained

by lugs welded to the steel t'abe. General arrangement and assembly

details of the test pieces ere presented on Plate 1.

Method of Test

The test stand used is shown diagramatically in Pt, ..- Steam

at 600 psi was supplied by L.aboo•. ory plant boilers. With this

'7stem it was possible to oLtain steam at temperatures up to 750 F

at the test piece ialet. A high y:?4sure ;;oler was included after

the test section t.- asAist in keeping the water before the trap In

the liquid state so that flow could bm steady. The high pressure cooler

also had the effect of simulating an additional section of trough
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heater tubing and taus increasing steam flow. A strainers locaLed

at the test piece outlets and a . char.aber were" included ir

the aystem to collect products of corrosion or c(rosion "x.,se

products could be blown out while tho test piece wai in operation

and a chemical analysis made. A pressure recorder and a

16 -point temp~tature recorder were used to measure pressures

uao t -aperatures at the locations chown on Plate e.

It was originally planned to operate the test +, acquire a tct-A

of 340 hours on each of three 20' . sections. Test sections -woiild

be exposed to a temperature of 600 F, 700 F, or 500 F and collec.ted

reeidue would be anaiyzed to determine the cause of deterioration,

corresion or erosion, and if possil4ie. the rate of corrosion. The

test was conducted in conjunction with other Laboratory tests since

the steam fiow to the heater was very small. With the exception

of a single 100-hour run, all steaming hours wvere accumulated

on a day to day basis since the Laboratory plant hoilers are usually

operated only during the regular work day. It was imprar. : .

test more than one section at a time. To prevent oxidation of the

test piece during idle periods the test stand was first provided

withanS0 psi oicam blanket and later with a nitrogen blanket.

Periodic inspections were made by removing the test sections

from the test stand and chemical analyses were reguilaty made

3
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of residue collected in the strainer and settling chamber

Procedure and Results of Tests

Initial operation of Test Piece No. I indicated that the test stand

was ro located and designed that it could not deliver 600 F oteam

to :he teut pir.ece regardless of the temperature of t0.a steam at the

.joile%, P.-perheater outlet. This was because the st-tam flow caused

by caundensing in the t! h hc ater was do smtIf that tie temperature

tf the steam was reduced as it ilowed from the boiler outlet to the

trough heater in spite of this line being lagged. This was remedied

by the addition of the high pressure cooler which enabled operation

with the steam inlet temperature as high as 750 F when the boiler

was operating at 900 F.

A total of 340 hours of steam operation at an average temperature

of 610 F at the heater inlet were acquired by Test Piece No. 1.

Chemical Analyses of residue found in strainer and settling chamber

at the times .n&4c•-.zd are shovon ha the table belo#.

Table I .- Results oi Chemical Analyses
600 F Test Piece

Date Tot n. Copper" In Ratio Cu/Ni Ratio Cu/Ni pH oi
(1963) Hours Condensate Settling Chamber $tr.he• ,
600 F Test Piece

Z.8 July 26.5 Not Detectable
1I July 46.5 " 73/27
19 July 69.5 " 66/34 61./39
16 A•g 147, 5 I
22 Aug 174.5 7. 2(5. 9)*
Z3 Sep 306 58/42

* Yard Ste.am A• ter Extended Steam Alank t.ý
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The foUowing information cPme to light as a result of chemical

analys v.

a. It was determined that -copper .nickel tubing was eroding

and not corroding. This was no because no copper was found in

so!ution in. th. condensate and no copper-oxide was present in samples

oa rest"'.e anasyzed by x-ray diffraction.

:. Midway in the testing of Test Pieua No. I :t was found

-.hat large am ounts of iron oxide fount. coating the inmer steel tube

and also in the settling chamber were due to the steam used for

blanketz purposes having a pH of 5.9. .t was found that this slightly

acid steam was due to sulfite treatment of boilers of Philadelphia

Naval Shipyard which provides such steam to the Labordtory.

Laboratory plant boilers provided steam with a pH of 7. 2., It was

thus decided that Test Piece No. 2 would use a nitrogen blanket to

prevent this condition.

c. Ratios of copper to nickel generally paralleled

uf tho original material.

d. An analysis was r.n.,de of scale taken from a trough heater

of No. 3 cata-,onlt of USS CONSTELLATIC."M CVA..64. This sample

had the following cheirical analyrts. 84% copper and 5.7% nickel.

Analysis by X-ray dLifraction showed that both copper and -iuprous
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oxide (CuO) were present and that tz ckel was in oxide (NiO)

florm. Traces of Fe304 , MnZ0 3 and NiB were also presenit 'is

aLnalysis shows that both copper and nickel are being oxidized, This

is counter to results of tests made at the Laboratory which determined

the catse of detei ioration to be erosion. T he explanation of this put

forwar-" oy chemists at the Laboratory is that initia) tnibc deterioration

on Fnipboard is still by eroston but when the eroded -c jiiue is on the

stagnant recesses of the drain contiectit.n of the trough heater, the

copper and nickel are changed as a result of chemnial reactions.

It was also noted during a visual inspection of the test piece that

the inner sarface of tube was corrugated conforming to the lead of

the wound fins. It was determined that wall thickness was unchanged

and that corrugations also were present on the external surface of the

tube. Also approximately 70% of all spotwelds holding the fine to the

tube had failed after 340 hours and that the remai,•d'.r were holding only

with a small portion of the weld. This corrugation will be dis- -s-d

later in this report.

Temperature recordings taken when Wnlet steam temperature

was 600 F and coudensate temperature was 485 F (saturation

temperature) indLcp.ted that tube metal temperature never exceeded

480 F.

6
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Test ?iece No. Z waq opcratei -.t 700 j." .n1,, et to. am t.t*nnr!'?.ure

for a total of !50 honre., The results of chemicanl ...na'yse! are

tabulated below.

Table 2 - Results of Chemiral Analyses
700 F Test Piece

Date Total Ratio Cu/Ni R"atio Cu!Ni pH of
(09ý3 A-lour_ a Settling Chamber Strn'ner Conden.-.te

1 Nov 33 9ý0
13 Nov 47.5 9,1
3 Dez 72.5 9,5

18 Dec 110 63/37 66/34.

rat.os of copper to nir.:el followed the pattern of the 600 F test p'.ct.e,

but 'ugh pH readi.ngs were encountered in analys,, of r.ondconssate..

It was determined that the boiler was not carrying over and that

there were no leaks in the high pressure coo.er. Since nitrogen

was now being used instead of steam for blanket purposes. this

possibility was eliminated. It was finally found that arannonia

(NH 3 ) lorked an the plant boiler feed system was causing the high

pH readings. in view of the Laboratory's difficult, if. ',-.- --ting

shipboard conditions JpH of steaiui - 7.0 +. 2) it was decided that

little could be gained by continuation of the test.

Temper•ture recordings while operating with inlet uiuttm ax

700 F again .ndicated that all tube metal temperatures w.ere essentially-

saturation temperature (485 F) as long as condensIng was actually

tzk-,g place in the trou'gh heater element, With the boiler operating

7



NBTL PROJECT Z• 571

at 850 F at superheater outlet it -; -:i,.- jible to re.ise the inlet

temperature as high as 760 Y by operating the trough heater element

non. condensing. Thc steam tremperature at heater outlet was 550 F

a.nd the tube metal temperatures recorded varied ' etween 55 F and

5601 i, Temp,.-ratu"r tube metal ..n unaffected by

V-1. ,n temperature i f the tube operates condoes:nc s.nce the

3te-,m is clesuperheated while passing through the lengtis of the inner tabe

Discussion and Conclusions

It is apparent from condensing operation of the trough heater

that the internal surface of the tube will not be subjected to temperatures

in excess of the saturation :t''perature at the operation pressure of

the heater. If, however, the heater is allowed to operate non-condensing,

as it would because of trap malfunction, steam temperature in excess

of saturation temperature would be experienced by the heater. The

effects of such operption on the rate of tube wall deterioration could

not be determined using the present test stand, nor1 is It .- ,..,4rY

since it has been dernoraLrated tha4. inlet steam temperature has no

effect on Internal tube metal temperature when the heater is being

properly oper-ated.

The actual eaauxe of deterioration has been determined as e-osion.

This is true for test pieces and, though chemkcal ana*ysis ,f scale

ta.len arrorn shipboard trough hoater s contaizi oxides of copper and nickel

8
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it is suspected that the same Jh " . shipboard heaters. Presence

oi o-ides is probably due to chemical reactions that take pla,'e alter

eroded material is deposited in stagnant clean-out areas of heaters

whie,'e soime undetermined chemical reactions tal..e place.

Inspection of -,n unused test section wavealed corrugations of

tho. tote wall indicating that these result from the mawtfacturing process,

It appeaxs that sections that were tested have corrug•ations that iW c

slightly greater than the unused se5'n.m though it is possible that

this variation could be the result of the manufacturing process also.

These corrugations could cause greater turbulence and acceltrate

erosion but this cannot be stated as & fact since steam velocity in

the heater is considered quite low.

Rec omme ndations

Operating shipboard trough heater systems should be regularly

inspected to ensure that traps are operating properly and not a.Uow.o,.,ng

steam to flow through the heater uncondensed.

The magnitude of complete simulaiion of the shipboard arrange-

ment prevented accomplishment in the Laboratory. This was especially

true in the simulation of steam flow, steam pH and heater tz1-iztoaea•.

It is recommended that any further investigation of this problbm be

r-ccomplished on shipboard.
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It is also recommended that an inkroved means of fin attachknent

be investigated in view of tho inability of spot welds to keep the bond

between the fin and !Lvter tube. Whun the welds are broken the

fin is contributing nothing to the heat transfer capacity of the heater.

Copy to:
BUSH-PS Codes 210L

320
340 (2)
634A

ASTIA (10) (2)
NBTL Codes 2720

2152 (File Copy)
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