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Saas TLT
Adrcraft carrisr catapult trough heater tubing wi3s 183ted &t

the Laboritury to determine the effect of inlet steam temperature

on rate of tube wall deteriorztion. It was fouud that as lung as the

catapult treugh heater was condensiag 21l the steam that entered
.1 tae trough beater tube metal temperaturs woutl .ot exceed
saturation temperature. The process invoived in tibe wall
deterioration is erosion. Fimualat:sn of shipboard operation in
the Laboratory is difiicult and - rstly so further anvestigations
shouid be made on shipboard. Condensate traps on shipboard

should e chiecked requiarly for proper operatien.




NBTL PROTEZT B-57i

The Froblem

The purpose of this test was to detz rmine the effects of inlet
steam temperature on the rate of tube v.all det rioratica in the trough

reaters of modera airc.aft carrier steam catapulis.

ik %indings

it was determined that the cause of heaier detericration was
eroeion of the inner surface of the tabe wall, Thic war detzrmined by
chemical analyeis of tube materiai collected in the conienszte, It
waz alsc found that as iong 2s the trough heater is actually condensing
steam, the internal tub~ mnrtal temperature will no: exceed the
saturation temperature of the steam at the prassur: a* which the heater
is operatirg. This i. the result of desuperheating the steam during
its flow through the internal steel tube before contact with the trough

heatsr metal,

Recommendations

Operatiag shipboarc trougn Lexter systems should he regularly
.nspecied zc be sure that ali traps are operating properly and not
allowing steam to flow through the hesic: without condensing. Corm
plete simulatiar Jf trough heater operation is not fezsible ac 1t is
recommended that furthor raveatigation of this problem e ce.rried
cut on shipboard. An altevpate method of fin attachment should

Lo lnvestigated
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ADMINISTRATIVE INFORMATION

Testing to inv:stigate the effect of steam temperaturs on
70-30 copper-Ni:kel catapult trough heater tubing was authorized
by Bureau of Ships letter CVA/9480 Ser 648F. 396 of i March 1963,
The ccst{s of the teiting were chargeable to Allotment 211,
Projrst 10, Appropriation SCN2461,

Testing began in June 1963 and was completed in January
1964.

This is a final evaluation test report.

{ii
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REPORT OF INVESTIGATION
Introduztion

The steam catapult cylinders of modern aircraft carriers are
iocated in an encloscd trough suspended from tho flight deck. To
maintaiu the catapult cylinder at a high enough temperature and thus
prevant fluctuations in the length of the catapult during a shot, «
trough warm-up system is providea. On USS CONETZLLATION
:CVA-.64) there are eight individual h:aters per trough with a
total length of 1050 feet. The material used is 70.-30 copper--nickel
finned tubing designed ¢o use 600 psi saturated steam as the heating
fluid. The source of this steam is downstream of the main cata-
pult desuperheater, and the steam condensed iu the hea‘ers 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 draina have becoma clogged with scale and heater v+!'ity
has been greatly reduced. Such leterioration calls for frequent
renewal of entire trough heating systems at considerable expense.

- The purpnsz of this teat waa to d;termine the effects of steam
temperature ana 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 cof
two concentric tubes. The steam inlet and condensate drain connections
are located on the same :nd of the heater asserbly. The steam is
guppiied tare.gir a 1" YPS seamless steel tube, Military Specification
1*.:13’--;5 ~20157 Type "D', having 1,31 ' OD and 9,1.:9"wall thickness
T*¢ steam is discharged into the outer tube (2' frear. the sealed end
of the trough heater element. The ouater tube e mode o 70-30
copper-nickel tubing, Military Specificatioa MIL--T~16420E, Class 1000,
Type 1, having 2.375" O.D, and 0. 148" wall thickness, The tube
is finned with spiral wound copper-nickel fins that are spot welded
to the tube. The cpacing between inner and outer tubes is maintained
by lugs welded to the steel tabe. General arrangement and asgsembly
details of the test pleces zre presented on Plate 1.

Method of Test

The test stand used is shown diagramatically in Plas- .., Stean
at 600 psi was supplied ky l.abo. 2tory plant boilers. With this
eystem it was possibie to ob.ain steam at temperatures up to 750 F
at tae test piece iaiet. A high prsazure cvoler was included :fter

the test section t~ asuist in keeping the water before the trap 'n

the liquid etate so that flow could bs 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 stcam flow, A strainer, localed
at the test piece outlet, and a .ct:::  charaber wers included in
the asystem to collect products of corrosion or erosicn. Tise
products could be blown out while the test picrce wae in operation
and a chemical analysis made. A pressure recorder and a
i6-poiat tempcrature recorder were used to measure pressures
zud t :mperatures at the locations shown on Plate 2.

It was originally planned to operate the test tc acquire a tctal
of 340 hours on each of three 20' tra: sections. Test sections would
be exposed to a temperature of 600 F, 700 F, or 500 F and collec.ted
reeidue would be analyzed to determine the cauee of deterioration)
corroeisn or erosion, and if possihie. the rate of corrosion. The
test was conducted in conjunction with other Laboratory tests since |
the steam flow to the heater was very small. With the exception
of a ei.ngle 100-hour run, 2ll steaming hours were accumulated
on a day to day basis since the Laboratory plant Hoilers are usuaily
operated only during the regular work day. It was imprac: ai v
test more than one section at a time. To prevent oxidation of the
test plece during idle periods the test stand was first provided
withan80 psi cicem blanket and later with a2 nitrogen blanket,
Periodic inspections were made by rernoving the test sections

from the test stand and chemical analyses were regulsrciy made
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of residue collectad in the strainer and settling chamber.

Procedure and Results of Tests

Initial operation of Test Plece No, ! indicated that the test a.tand
was ro located and designed that it could not deliver 600 I’ steam
to he test picce regardless of the temperature of the steam at the
soller avwperheaier outlet, This was because the sicam flow caused
by cundensing in the troagh heater was 9 smzll that the temperature
of the steam was reduced as it lowed from the bhoiler 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 bv Test Piece No, 1.
Chemical Analyses of residue found {n strainer and settling chamber

at the times indicat=d a:e chown in the table below.

- a—

Table 1 - Results oi Chemical Analyses
600 ¥ Test Piece

Date Totpl Coppes in Ratio Cu/Ni Ratio Cu/Ni pH oi
(1963) Hours Cordensate Settling Chamber Straine> Coadeansa’.
600 F Test Plece
28 July 26,5 Not Detectable
1, July 46.5 " 73/27
19 July 69.5 " 66/34 61./39
16 Aug 147 .5 "
22 Aug  174.5 \ *
23 Sa8 TEs 58 /42 7.2{(5.9)

* Yard Str.am After Extended Steam “lank s¢.

&
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The following information c»me to light as a result of chemical
analys s,

a. | I* was determined that copper -nickel tubing was eroding
and not corroding. This was 5o because no coprer was found in
solution in the condensate and no copper-oxide was present in samples
ot resirh.e analyzed by x-ray diffraction,

3. Midway in the testing of Test Piece No, ! :t was found
<hat large amounts of iron oxide founc. coating the inner steel tube
and alsc in the settling chamber were due to the steam used for
blanke’ purposes having a pH of 5,9, It was found that this slightly
aciy steam was due tc suifite treatment of boilers of Philadelphia
Naval Shipyard which provides such steam to the Laborutory.
Laﬁératory plant boilers provided steam with 2 pH of 7.2, It was
thus decided that Test Piece No. 2 would uee a nitrogen blanket to
prevent this condition.

c. Ratios of copper to nickel generally paralleled ~.. 95
of the original material.

d. An analysis was . xde of scale taken from a trough heater
of No. 3 catagult of JSS CONSTELLATICM CVA..64. This sample
had the following chentical analyeis. 84% copper and 5.7% nickel.

4nalysis by X-ray diffraction showed that both copper and ~uprous
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oxide (Cuy0) were present and tha the uvkel was in oxide (NiO)
form. Traces of Fe304, Mn20; and NiB were alsc present This
analysis shows that both copper and nickel are being oxidized. This
is counter to results of tests made zt the Laburatory which determined
the cavse of detexioration to be eroaion., ‘fhe explanation of this put
forwar‘. oy chemista at the Laboratory is that initia) tuls deterioration
on snipboard is still by ercsion but when the eroded +e¢sidue ia on the |
stagnant recesses of the drain connection of the trough heater, the
copper and nickel are changed as a result of chemical reactions..

It was also noted during a visual inspecrtion of the test piece that
the inner surface of tube -vas corrugatzd 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 7C% of all spotwelds holding the fin: to the
tube had failed after 340 hours and that the remaindor were holding only
with a small portion of the weld. This corrugation wiil be dis- 2s.:d
later in this report.

Temperature recordings taken when inlet steam temperature
was 600 F and coudensate temperature was 485 F (saturation
temperature) indicated tha.f tube metal temperature never excecded

480 F,
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Test Piece No. 2 was cperated ot 700 ¥ inlet st :am tewnperaiure

D

for a total of 150 hours. The results of chemical .na'vses ave
tabulated below.

Table 2 - Results of Chemical Analyses
700 F Test Piece

Date Total Ratio Cu/Ni Ratio Cu/Ni pH of
(1943, Hours Scttling Chamber Styn'ner Conden:-ate
1 Nov 33 9.0
13 Nov 47.5 9.1
3 De: 72.5 9.5
18 Dec 110 63/37 66/34

Ratios of copper tc nickel followed the patrern of the 600 T test picee,
but 1igh pH readings were encountered in analys.s 6{ nondén sate.
1t was determined that the boiler was not carrying ovar and that
fh;:.:..'.e‘were no leaks in the high pressure cooler. Since nitrogen
was now being used instead of steam for blanket purposes, this
possibility was eliminated. It was finally found that aranwonia
(NH3) lockecd in the plant boller feed system was caueing the high
PH readings. In view of the Laboratory's difficulty . "= ating
shipboard conditions (pH of steaiu = 7.0 +.2) it was decided that
Jittle could be gained by continuation of the test.

Tempersture recordings while operating with inlet Stcam at
700 F again .ndicated that all tube metal temperatures vere essentiall;
saturation temperature (485 ¥) as long as condensing was actually

! teking place in the trough heater element. With the boiler operating
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at 850 F at superbeater outlet it "~z 35«iible to raise the inlet
temperature as high as 750 ¥ by operating the trough heater element
non- condensing. The steam lemperature at heater outlet was 550 F
and the tube metal temperatures recorded varied ' etween 525 F and
560 ¥, ‘Temperatorc of tube metal is unaffected by
imlet . nam temperature i f the tube operates condsnsing since the
sterm is desuperheated while passing through the lenyth of the inner tube

Discussion and Conclusions

It is apparent from condensing operation of the trough heater
that the i'r{t‘e.rnal surface cf the tube will not be subjected to temperatures
in excess of the saturation jemperature 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 operztion on the rate of tube wall deterioration could
not be determined using the present test stand, nor s it -~ ssary
since it has been demonsalruted thau inlet steam tempersaiure has no
effect on internal tube metal temperature when the heater is being
properly operated.

The actual cause of deterioration hus been determined as ¢-osion.
This is true for test pieces and, though chemical analysis .f scale

takar from shipboard trough huaters contaim oxides of copper and nickel
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it is suspected that the same i» :.. * = shipboard heaters. Presence
of oxides is probably due to chemical reactions that take plare after
eroded material is deposited in stagnant clean~out areas of heaters
wheré some undetermined chemical rea;tions tal.e place.

Inspection of :n unused test section .avealed corrugations of
the: vote wall indicating that these result from the mannfacturing procesas,
It appears that sections that were tested have corrurations that are
slightly greater than the unused secsrions, though it is possible that
this variation could be the result of the manufacturing process also,
These corrugations could cause greater turbulence and accelarate
erosion but this cannot be stated as = fact since steam velocity in
the heater is considered quite low.

Recommendations

Operating shipboard trough heater systems should be regularly
inspected to ensure that traps are operating properly and not allowing
steam to flow through the heater uncondensed.

The magnitude of complete simulation of the shipboard arrange-
ment prevented accomplishment in the Laboratory. This was especially
true in the similation of steam flow, steam pH and heater eaviroaraeni.
It is r;-commeuded that any further investigation of this problem be

tccomplished on shipboard.
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it is also recommended that an improved means of fin attach:aent
be investigated in view of the inability of spot welds to keep the bond
between the fin and Leatzr tube. When ithe welds are broken the

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

Copy to:
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634A
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