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GAS TURBINES—SOME METALLURGICAL: CONSIDERA.-
TIONS INVOLVED IN THEIR MJANUFACTURE

By H. TRIVEDI
(Received for publication, ScptemBer 22, 1950)

ABSTRACT. With the use of jet aircraft, the gas lurbine has taken the role of a
militarily strategic equipment. This paper deals with tlﬂ studies of the gas turbine from a
metallurgical point of view. The properties of the preserf day material, used in its manu-
facture, are reviewed. - A new material hus been studied for this purpose, which is believed
not only to give better service, but will lead, in addition t&‘ the design of better gas turbines.
That product has been made from raw material abundanﬁy available in India.

1t has long been recognised that the internal combustion turbine or gas
turbine, as it is more usually called, was the ultimate form into which the
internal combustion engine was likely to develop.

In a simple gas turbine air is drawn into the compressor where it is
compressed and passed on to the combustion chamber in which fuel is burnt
continuously in the excess air. This raises the temperature and pressure of
the excess air and products of comnbusion which arc then allowed to expand
through the turbine to exhaust. The heat in the c¢xhaust gas from the
turbine is used to preheat the compressed air on its way to the combusion
chamber.

The compressor, which is directly connected to the turbine and is driven
by it, may be of the axial flow, centrifugal, positive displacecment lobe type or
a combination of these forms.

The efficiency simple gas turbine can be incrcased by the adoption of
any or all of various standard expedients of which the more important ones are :

(1) Increasing the turbine inlet temperature by bringing more fuel per
pound of air. This gives an increased output from thec same size of plant
and markedly improves the fuel consumption. :

(2) Improving the efficiencies of any or all of the individual units in
the cyle e.g., the compressor, turbine or combustion chamber.

(3) Using ome or more interstage coolers to reduce the tem-
perature of the air entering the latter stages of the compressor. The cooled
air has lesser volume enabling it to be compressed in a smaller compressor
with less expenditure of ecnergy. The heat withdrawn in the intercooler has
admittedly to be replaced by the burning of more fuel but this apparent dis-
advaftage is. miore thanm outweighed by the saving in the compressor horse
power, which ajspears as additional net horse power output from the plant.
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(4) Reheating the gas in the course of its expansion by passing it
through one or morc combustion chambers, fitted between successive turbine
stages. The reason why this gives additional power is obvious.

It is frequently both convenient and advantageous to subdivide one or
more of the units in a gas turbine installation. There are many ways in
which this can be done, possibily the simplest case being the sub-division
of the combustion chambers in air-craft jet engines, which often have as many
as ten or more small combustion chambers operating in parallel. ‘The
advantage of this lies in the better engine lay-out it provides with reduced
overali installation diameter and more uniform distribution of the high
temperature gases entering the turbine.

‘The turbine itself may be sub-divided into two or more seperate units
c.g., two turbines operating in series. ‘T'he high pressure turbine drives the
compressor and is on a separate shaft from the low pressure turbine developing
useful power. Such an arrangement is used for ship propulsion, as it allows
the compressor and compressor turbine to be run upto speed before the
propeller has got under way.

In gencral, the efficiency of a gas turbine depends on the basic cycle
efficicncy of the installation and the efficiency of the individual units. The
basic cycle efficieucy is inherent in the design, whereas, the individual effi-
ciency depends on the condition of the equipment and the amount of intelli-
gent maintenance given to it.

Of all methods of improving gas turbine efficiencies, the raising of
maximum gas temperature is at once the simplest, the most cffective and the
most reliable.

The heart of the gas turbine is the rotor assembly and it is in the provi-
sion of suitable materials for the rotor or disc and the rotor blades that the
metallurgists’ biggest problem lies. Rotor blades call for a combination of
properties not encountered in any other engineering device. In the first
Dlace, the temperature at which the blades operate is now generally of the
arder of 700°C or even more.

Good high temperature properties are required ; but something more
nceded. 'The material must have certain desired characteristics at room
temperature and must have these qualities every time, for uniformity is one
of the most important requisites for highly stressed parts.

Qxidation and corrosion resistance are perhaps the most important
requirements. If they are oxidised or scaled or fail due to intergranular
corrosion, they are no good. Load-carrying ability is the next essential.
The property is measured by short time tensile tests at elevated temperatures,
by the creep rate and by the stress required to rupture in a given number of
hogrs at the desired temperature. Of thesc three tests, stress to rupture is
the most widely used. Such a data must always be accompanied by. stress
elongation curve that shows how much the sample deformns.under the load. ‘A
metal which will carry the necessary load for 1000 hours without rapturing:
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thay, nevertheless, be useless for gas turbine parts if it were to stretch so
much on application of the load that all clearances are destroyed.

The conventional creep test, with both stress and temperature constant,
does not offer enough data for desiginr, purposes. Creep rate is normally
understood as only the minimmum value of ;;stretch under continued constant
load, but the initial deformation and e onset of third stage creep may be
of equal importance. A scries of stress-rgpture curves for different tempera-
tures with stress plotted against time adld another with stress plotted against
elongation give a good idea of load curryii ig ability.

Structural ability is the next requigement. The material must retain
its characteristic structure during exposuye to hicat and stress or clse undergo
definite predictable changes.

As nearly all parts of gas turbines aré§ subject to vibration, the iatigue
strength of metals at elevated temperitures is another requisite. Good
damping capacity is preferred for blades, because a blade of high internal
damping tends to inhibit the building up of resonant vibration.

In addition to the above gualities, the material for service in gas turbines
must be capable of assuming the desired shape, either through machining,
forging or casting and of being joined to other parts either mechanically or
by welding.

A large number of alloys have bcen developed during recent years for
service at high stresses and high temperatures mostly for use in gas turbines,
jet engines and turbo-super-charges. There are some six or seven alloy
groups which have becn used for this purpose. They are given in the follow-
ing table showing the more famlliar alloy name, and the composition
(Research Memorandum, 1947.) ‘

The alloys fall roughly into the following classes :

(1) Stainless steel types 'with somewhat incrcased alloy content, such
as 19-9, DI,, Timken 16-25-6 ; they are essentially Fe-Cr-Ni alloys,

(2) Highly alloyed stainless steel types such as S-495, Refracta_!;loy B;
these are also esscntially Fe-Ni-Cr alloys,

(3) Modified stainless steel types wherein cobalt is found in large
amounts ; these are essentially Ni-Cr-Co-Fe base alloys such as N-155 or
S-590, . . .
(4) Stellite type alloys such as Vitallium which was one of the first . of
tgis group ; these are essentially Co-Cr-Mo or Cr-Co-W alloys.

" (B} Mﬁdiﬁed stellite type alloys wherein certain elements are used in
increasing amounts notably nicked, tantalum, columbium, tungsﬁen, carbon,
etc., such as X-40, 73 J, and others. . .
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(6) Inconel or Chromel or N-chrome types such as Inconel X and
Nimonic 8o. ‘These are esscntially Ni-Cr base alloys which can be made age-~

hardenable by additions of titanium etc.

An additional group of considerable interest are the chromium base alloys'
such as CM 46g9. They are, however, not yet practical alloys because of
extreme brittleness, but may eventually be developed into extremely high

temperature alloys.

Table I1 lists, as far as possible, some of the tensile data from 70° to
2000°F for the high temperature alloys of ‘T'able 1. ‘T'here are also given some
of the representative complete test results for wvarious test temperatures as
well as the particular treatment which gave the alloy its properties. These
values are neither optimum nor the minimum values and it must be realised
that below about 1300°F many other values might be attained, especially
among the forged group of alloys. Above about 1300°F the values listed
generally are those for the alloy in its optimum condition for maximum
rupture life and resistance to creep at the higher temperatures. It can be
noted from the table that the forged alloys show superior tensile properties
above 1350°F. (ASTM, 1946.)

Creep tests require such a long time for completion of tests that only a
small number have been rumn. Table IIl gives the stress to obtain various
creep rates for temperatures from 1200°F. Practically all of thc tests were
run for a minimum of 2000 hours Actually 2000 hours is not sufficient time
to establish a minimuin creep rate in a test capable of enduring 20,000 or more
hours under load, but from practical aspects the value is satisfactory. Some
results obtained in 10,000 hours creep tests carried out at the U.S. Naval
Eng. Expt. Station are given in Table IV. (Bureau of Ships Research
1047). ‘These tests indicate that the materials will last at least 10,000 hours.
The creep rate at 2000 hours is definitely greater than it would be at 10,000
hours, provided third stage creep had not begun.

At 1200°F, K42B is the best of the three alloys tested. At 1350°F
alloys S-500 and high carbon N-153 show the best creep resistance. At
1500°F Refractalloy shows the highest value. Alloys S-495, high carbon N-
155, S-497, and S-590 show similar creep results. It might be pointed out
that the alloys S-495 and S-497 contain only about 15% Cr. Their oxidation
and corrosion resistance at 1500°F and above is not so good as that of the
20% or more Cr. alloys. The cast alloys with few exceptions show much
higher creep resistance than do the forged alloys at 1500° and 1600°F.

At 1500°F the stress to cause a creep rate of 1% in 100,000 hours varies
from about 5000 1b/sq.in. for Vitallium to 15000 1b/sq.in for alloy 108 N-z.
Alloys 93 N-2,100 NT-z and 108 N-2 show stressess of 13000 to 15000
1b/sq.in. for a creep rate of 1% in 100, coo hours at 1500°F. . B



” *padiog 9zIL 't 9360V W —— —_ Zc 472 SI €o ia g0 0 qazvy
3580 pue padiog 1ed 34 ‘gD { 14 ¢ Sv oz oz €0 9'0 vo 9189
‘pa3i0,1 1eg 24 ‘PqD : v ¥ oz oz oc 90’ 60 So 06§-§
8 8g 1 I ¢ — or oz £z 50 30 go of-x
158D 90 3, L _— ) or Sz Lo 9'0 S0 or-x
¥se) — _— 9 123 €€ 9c g0 z'0 S0 6509
padioq £-Srag g€ £3 cot 102 €0 z0 z 10 Aoj[eIRIPY
358D —- 9 —— 89 _ vz 90 £o to (3s8D) 19
'padiog [8g ag ‘St 0 ¥\ ‘51ej, (2 b - of oz S0 Lo 10 a5
‘padioy |fed 34 ‘eredy‘riey '1q) 'z ¢ -— ] Iz £ Lo g1 vo (pagrpom) §S1-N
‘padiog 3 reg ‘brro¥N 1D e ) —— 1z 1z 80 91 to (0D ou) SSI-N
‘padiog ied 9 ‘zx 03N ‘iqD ze € —_ 1 ot Lo St to {0) ou) £S1-N
‘padioyg 184 3 o¥ - —_ b Le St z'1 LA Vo -ALV
P g1t 1) gL — Ss 8 14 S0 §o S0 18254
‘padivg eg 9 ‘coll ‘tvqd et €1 —_ 6 61 Lo G0 €0 1d6-61
‘padiog 1eq 24 ‘q) 14 14 o¢ oz St 90 So vo L6bh-g —
. ‘padiog eg 24 ‘$08f'L0q) - - 9 | 661 1 161 L 17 b0 1-859g
0] *padiog 1eg 93 b'o e}, *Sz1q) —=- Lt Lot 1°S1 Lgt 91 e ¥o 2-S898
£ ‘padiog vz iy 't9oly _ | - — | ¥l ez S0 g0 | boo 0g JIWOWIN
Y padiog | legog boodNugy | @ € £ £€ yI 90 R €0 9SI-N
5 padio g T el o Ny e £ oz oz oz | Lo $1 vo §S1-N
~ ‘padr g ey 31 ‘Loo®N '1qD ze £ 1z © e 91 Lo 9'1 €o #S1-N
‘padicy [ed 3, ‘Lo 0 BN *1QD (4 ¢ £1 ¢x 91 S0 g1 to €S1-N
ﬂ padiog ICRERS — g8 —_ ot Sz —— z 1o g Aojjejouijoy
&) ‘padioyg | ey 9,1 Looly —— 9 Se gt 60 S 1u 9: Sz: o1 mayum],
5L €9'09,] —_— 9 04y gr Sz So So teo o1-zzd
1S€7) — — 9 b9 —_ 82 go I o wnreRA
‘pasdiog 1eg 31 ‘tqQD —— b - te St R Lo ro WRIqun{od vwiues)
‘padisg ‘1eg 34 ‘vqd 14 ¥ - oz <1 < Lo o S6v-g
‘padiog ‘[es ag — S €€ | g6z b oz g0 1 Yo 6ch-Hg
padig ‘[By ‘3 — £ LSz 'S¢ g-oz go St €o SSt-it
‘pasdicg ‘1ed ‘ag z ¢ 'S¢ S-be F St 90 S vo giv-H
‘padivyg 3,] Iduefeq te €€ g'o1 Al 6t 90 y'0 £o ARG
‘sqdearay $1030 M W 0D ‘IN 1D Rt ‘UK )

1 £o[lV¥ 2y} Jo uoinscdmo)

1omeN Aof[Y

I a1avy,



H. Trivedi

40

3582 Wondep pray —-— ¢ 0 —— | —- | g | ~~— | —— | €00 69% 11D
30 ze]| ¢ 9 | 19 ¢ fz | —— 1 . So H ¢
ise) zell —/— |} 9 09 9 T | - 1 g€ o I [of
$8) tel -— ! 9 09 9 £ —- 1 20 [ &
58] el —— g o | —— &2 | —- | —= | 1t z LA 111
ISB) [8g 31 Lo08N ‘1)) 2z £ 1z of Iz 1 S o1 z-N o1r
8L) tell —— 9 * S | — ¢ | - c y€o £z LA 9E
Is8) [ega ‘cey e | t ot of 0z §o &1 I z-LN 001
358) —_ — 0 g | S | ==t £ f —— t | 1£0 bp 1€

‘padiog g ‘oriyl 2z £ Z of 1< ¢o ¢r | goo LY
'padiog | [eg 3 ‘vEmyforrSroq) —— | 6z | —-- g'tr £l Yo | S §0°0 19
38 — of | 9o | 09 | —— , 2 | Lo | o1 | gbo 9 A8
‘padrog Lopy'taroon)bgag ‘1) —— | — _ —— | ¥¢ . ohr vo S0 , foo X [auoony
‘padiog byl — 0 gge 1 ——- 159 | —— zo g0 | Soo q foais8y
‘padiog uejeg 3 gOV ‘L1 —— ¢ ez . g1 Lo Lo £0'0 9z So[jejoesjay
1s8) go31 1§ ¢  meey | zgr 9'ze Lo 8’0 b0 (nS'ols) aseg IN-1D0D)
158) 603y — 6 - ueeqg 6z _ £z Lo L 1AY ‘OJ\ 6) aseg 1)-0D)
SB)) 803y, 98 ——  uereq vt 4 Lo Lo 1Y (A\6) 3seg 1)-0)
I5B) 60 omw —= 6 | Jduepeq 61 2 IAY] Lo ¢o (o1¢6) aseq IN-£)0)
‘pasdiog Ez1y 9893 ‘90 E — € —- Sz £ ¢ g0 fou Ao[easiq
‘SyIelay w s110 _ ‘M oW 0 ‘IN 1D o) TN D
” : :9UreN AO[[Y
. Lojpy 2q3 Jo norpisodmo)
(‘ppuo2) T H18V],



41

Gas Turbines

J¥—d,00b1 * zz S1 0066 of€r
‘OM—IHI—],00¢z zz L1 Q0Z°0z1 oozt
Pajjoa sy Sy 6¢ 000°S41 mooy | padiog 9189
! "PIIX %20
e : 009°L oor‘tr 0002
w MMWM s oog'6 oG | oo
o : ' ool 00I1‘gr 0051 i ocgt
JV—IHt— 0561 | €€ 0'z9 oob‘gz 000°6€ ! ool
lg HM Y7 00468 00§‘zS 00GI
o1 ! aogh
JV—1He—,],0%61 z'1z , ole cot‘zh i 0084 0031
IV—3Hi—g,086¢ 11 i S-6f 000'L§ w 002'6€1 mooy | g Lo[[pIsey
| !
m (099 m.ov . P 006‘€Z i oolx
|ev St : oSzt ! 000'1Z 0051
QA—IHel—1.00c1 | {yor S9 00L‘6L X 000°101 oS¢
ez et .u.,z“‘n.»u 0°01 0§z'16 _ 000'gz1 00zI
v6¢ o1f 00z°L0 ! oos*zgr w0y azv
_ "PIAIK %10 _
TH9I—J, 0001 ‘GM—IH1—q olzz | £e Lz 000'zz oos'gs §8'yg 0of1
JV 1H 91—g 00V "OM— Ig1—g 00tz _ 1€ J4 000'6Y i 009'18 Lozt
IH91—4,00t 1 ‘GA\—IH1—] 0let ¢-or or 000'0¢ 00508 | oof‘ogr wooy | obSg
" A PI3IY %0
Jd—IHV—q,00¢1 __ 8'ge A 000'6zZ coo‘gS coSt
OM—Ig1—g, 0022 921 gt wog'el i 000'g€1 wooy SSI-NDOH
dd—aH b—g 0081 ge e 000'6z oob*6y 0051
OM—1H ¥/€—q,006z A ! 174 0Sg‘Sg ob6'og 0S€1
payiom joyg X Y0
2,002 1—M ) %1 z £r PIEIA % 000°91I 0021
q,0021— M o1 Ly ¢Sz M 0000, ooo‘rel oSighr mooy SS1-NO'T
. usauﬁu.—a.—w vioy okv : EomuM\MﬂCmm cur .Uw\.ﬁn -t .mvm\.ﬁ—— ‘a1 .Uw\m: do 1meN apeiy,

/0

i

jmpy sandorg|  praIs %zo

SSAI)S S|ISUIL,

‘dmag,

11 318V,

6—1778P—1



H. Trivedi

42

Jd—4 ,00S I—1b—() M —IH [—],002Z £ ozt 000‘0f 000'SS 00S1 -
THOS—d,0051 ‘BO—IH b/E—q, 082z { Nnum 6¢ 000°€z 008°Ep 00S1 .Euomwu N
{ro 0'gZ ooo‘gh oo§*Loy wWooy | -mnjo) ewsures)
"PIRIX %10
d,00¥1 padiuy gsrurg (€-pe ote 00§*.E ooz'zl Szo'ig 0071
1A ¢ 0’9 000°6E 00091 oSt mooy $6y-g
*pa8e—pa38a13 UOIIN[OS—PI]IOT JORT Moﬂ ¢ “ 000°0, 001
I 1 ' 000'g1I 0021
page—paj[o1 jog Sy oz “ 000°g€T 000'z61 mooy « X, 1auoomy
"PPIX %20
g1 §-61 0co'gr 000'gT colr
. "I —1gb—g,00851 98 €9 oobtol ool €9 0081
OM—3H!1—g 0012 13 c¢ 000°gE oob*bg 0of1
"PI3IX %I'0
d,004 I 93301 ysimig 6:Sz zz 000°ST 00863 Szg*for oozt
J,00V1 98104 ysiurg S0z - Sror 00§°LS 008‘gf1 0SL'¥S1 moxy L6h-g
‘IH 91—, 0081 ‘D A\—IFJt—q,0861 M g-oc m b1 000°‘0f 000°LL 005°L6 oozt
9'€€ $-gf 00'SL 00g‘€g 000'€ST wooy 08 J1gomIN
Ly 12 ogr'gb 0041
b oz 81 oLL'6S 0091
{12 n«.m ogz'gl 00S1
oz 1 oc6'gh oSg1
JV—d,0001 ‘GA\—IHI—],00€z _ Tw T4 oo«.wﬁ 8m~
“pajjo1 sy | Sp 6¢ 000'$L41 wooy padiog g1gg
! ‘PIRIX %20 |
oow . _ : noyeduopy 1ur *bs/q| rur bs/qf ur *bs/qq d. .
T viod® % yap soniadold  PAIA %o | ssangapsuay, | -dway, [ PTEN PRI

\"Pjuod) 11 wI18V],



43

Gas Turbines

DV “IH9I— 004t 1'fg 6b ! — 016z¢ _ :
Jsed sy bey 1Y Sgz'€t 00gL
5B SY bees i w d olpet | oolr !
[6°61 $6 _ oot'61 00g°gt | 009'gh | ~
|gS1 g6 . ootlce | 000'SE i 00z‘6¥ | 0691 _ -
1S4 1R _ oot‘gz col‘oS ” oot‘rg _ i
"1 05—,1,0°¢1 {L61 €3 oof*€z oSeLy ; 00%*4S . a0ft
_ 86 o¥ * 00z‘¢€ 00l‘€9 b ool‘zg | |
z'g R . 001‘g¢ 00£°6S ) 000°gL oSEr |
b lgS g1 ! 00§ ‘6€ 00S‘1 n 00z°€6 :
}seasy | S1b prg1 . 00z‘Sz 00g‘SE 000 1. rooozt
“AIggh—.[,08¢1 ! 9'9 s i ooo‘ozt ! mooy
ISBISY | z1 ot _ 000'SS 000'Sg . ooo‘ort wooy wnifeyiA
|
‘L9t o1 . 008*S1 000'tz ! 00098 0oS1 |
IHS—3,0071—p3]jo1 10 I 1844 A% 000z 00g'‘S¢ [ 000°1§ oS¢r
- g le aoS‘Ly | 00599 00z1
tbS of 00.4'gE 00z°19 005*101 ooy $¥-19
BRS¢ ), s L 1 MRS 2. 0'zz 000°z1 000°12 aogt
OM—Ige—J, 09127 z'gC ] §le oob‘1¢ oot‘gh woST
OM—A,051z ‘g,0551—005T Jeagaid ~ RS . oot 000°Lz 001‘09 oS€1
PRIX %10
JV—,0021 AT $SON)S M
JV—:1,00ZI [{OI ysiar] 6Lz 0'€1 02¢‘09 000'6 | 00§“Lot ogzI
JV—4HI1—4,001Z 9'e¢ § St 008°z01 005 €h1 oSz‘zgr wooy g-Se-gr
JV¥—,0021 AT §SIIIG
4,0021 [[03 ysiarg 8'8¢ oI 00%‘zS 000°‘1§ 00016 ooz1 uaymy,
JV—iIHI—q,0012 1'gh 6c 000'SZ 000°S11 oSL‘ob1 wooy 1 6-61
w R4 §gf oot‘be ool1
|S-g€ o'1f - 001*ST oog‘zh 00SE
‘paj[ol sy {¥6¢ 0'ge oSl of 00099 oS¢
ezt oSz 00o‘gh 00z‘SL 0ozT
{S9€ §1z ooo'vg ool‘rz1 wooy E-ALV
. . o :uotfe3uoyy qur *bs,/qi :utbs/qp 1ut bs/ R .
:jmameas], Yioda® % iy sansadorg _ PI3IX %20 $33438 u__mmu_uh d%@h - AMWEN 3pBL,

A.ﬂ.ﬁsoov I[ vy,



8’81 o'ox 000°Q1 f
| 56 ks wort | e
- SFOS—,08€1 e i) oor’z ooz‘zy cosiis o9t
y 6L 8z 005*bE %mw 005105 0ost
- 21 00S*HE 000'1 0% o8
-2 . 9 ‘€L
158 5V m.% A 00£LE 000'bL o oo 0S€1
OV—IH9I—4 0041 b1 00612 000'6¢ 00564 00z1
J5ED SV o w 006'€§ 00§gor
OV—iH91—J,00L1 LgE Iz oSE‘gs oob*€or moo
JSed SY 1-€¢ vz ch.hn q 19
JV— uH.MOnllnHoOOhn I35 g1 06z°g¢ 00gI
J58) §Y 9z i Ser'il
661 S6 ‘ ogr s ool1
- 3pyCS—— ,0S gt 86 %W.WM ot 009'gV
e o5 ’ i G | oemd | owes | oo
e L ocm.ON oom...mv 000‘€9
33 €€ 9'x c00‘ob %w.ww 00059 00S1
- Iz oz ] Lo
73 ISBI SY for ol NMWHWM 00068 oogb’ .
W ISEd SY LSt o 0056 oob'gé 00729
=~ QV—1H9!—4,00.1 S90 r o 0069 cof‘gS oozt
. V- 1913100 o § oors e
- —1,0041 ) s ‘
H ISBI SY mwm WN me.mw y ooy 61-22¥
SV~ 1H91—,00L1 ye : oobEE oogt
ISBI SY Sgz m« ofy‘SY _
o ¥ 61 o1 0056 osb'ey oolr
) X I 00S‘of ‘ ! i
“3y0S— ,08€T Mw.mu M.MH %“mn ooz‘1€ wmm””w | 0091 _
g1z o021 ooo.om I oob,.&.m 000'18
1o 6 oo | oo'gt oot‘1S 00S1
F . ) & DO%.OV 000G
3580 SY g " 009*0f 0061 » I oge
IS8 SY L] mm o?”—u 009‘S¢ 00§18 e
OV —IH9I— 1,001 g c 0z'vz oob‘ve out‘gh 0ozt
158 SY ¢-o1 L oor‘ry 008°94
_ 0069y oSszg mooy 6509
|
FLETIEL:ET | W vVou * no:mm\no_m a1 bs/qp sur *bs/qq - 1
: o jumy sopadosd|  PIRIA %Z0 | SSINS JISTIL, i a%mb | :owmew apesg,

.

44

(pauo02) 1 214V],

[T



45

Gas Turbines

*3JSBD SY g —_— 000'6S “ nco‘e1l mooy 918§
OM—a.coe¢ S1 —_— ! —_ 00000I wooy c-IN oof
‘JSBD SY &€ —_— i —_— | Goo‘ocel moey -z A 111
"JSBD SY o€ , —_— i —— h 000‘IIT wooy [ol
‘JSBI S z°01 | — —— ! cco'ozt wuoy [o€
"358D SY 6¢ i —_— . - | 00y°z01 wmooy €A 9F
"I gb—g,08€1 €¢ _ - _ — | 00€gE1 wooy b-p 1€
" coo'bz | ocf L8 X oog‘gh
£tr i os6'zT _ 00c*S€ | ooS‘gy 0091
‘1Y of—j3,08¢1 o$ ! oot‘z€ | ocliy 0or'19
ot o0z'ge M coctzh 00§*L8 00§11
o " €z oor‘et ! ocg'es 00z°69
T vl 00€‘1€ i oot*€S 00z &g
"J8BI oY (14 cof'zz _ 00g‘LE 00 LL oftr
1S®) SV SI oob £¢ i cot it ouy‘gl 00CI
"JSBd SY 11 ﬁ oor'bl 00U I0I wooy of-x
"IgoS—q,00°1 b1 006'7T 00 ‘uf 000°0S
*1110¢—q,0091 S'1 00g'ET ooz bt (04 0091
*IgoS—,,0081 o1 oR'te cof‘ts 000' g coSt 09X
JV—IHg91— ,00L1 i 0So‘€e
‘JSBI SY it S11'¢¢ cogr
*JV—1H 91—4,004T 81 0gS‘EY
"J5BD SY L SLFeLE 0oL 19
I gy Bes
. i obsiqp gy - -ur “bs/qq
1 Jmauyeal], .ao:wwao_m ! g wm ﬂm\unw sS3138 .m,mmu ¢ ML Jpel],
| sanjaadoid P14 % Jnsaay, L

(pyuod) 11 A18V],



H. Trivedi

46

* 00g‘z1

t

|

¥
oog‘bt coa‘gl ocb1z 00¢1
00S‘g 00L*11 00c'gI 0091
00g‘tI oob‘in 00§12z coS1
000°€1 ooligr | 001°12 0of1
00z'L oof‘or 00E‘S1 0091
00011 00G'ST | oob'cz ocS1
ocl‘y 00411 00L'Sr 0091
ooz‘ox | 00LC1 00£¢gr coS1
oor‘or | oof b1 oobor coS1
oof'g ' gof'ar 00z'€1 €091
aor‘or 008‘€1 1 002°g1 0oS1
00001 000‘C1 060*L1 0081
005‘6 00y“11 00S*b1 0091
056 | o0oz‘€1 oob‘g1 00S1
oof*L i 000‘6 : 00011 0091
000‘6 ' ool‘tr ‘ c00*S1 00fr
o6l \ 00g‘Tl 0.6'61 0081
cog*S " ochL | ooz1r Lo91
006 ! ocg L __ 00L‘11 00¢1

v |

. !

10000°0 10000 | 10C°0
! |

:Jo ‘anoqg 12d 9

s33e1 daaa) wnwinim JoJ $S3NG

avauny

00011 00z‘S1 0081
00§°¢ 00£‘S 0.64 0091
oot'g oob‘or oob‘zr 00f1
LTI 00I1°gI ook‘zy oS¢
oco‘S ooz'g 00g‘L 0091
00I‘g 00001 oof‘ex o8t
oog‘zI ocg*St 00/'61 (139
00d'Y 00g‘S 005°‘g 0091
z-NOII oor'g o0of‘1r oob‘o1 0081
coz‘zl 000°QI oog‘ge oSfr
z- ] N0OI 00g‘Z oof‘ezr 00961 0081
z-N\£6 0084 0056 00€t
TCIA LI | oof*. 009'6 ooler 00S1
, oof‘br oro‘sr oftr
ob-y 00g'4 oof‘or 00g'f1 coSt
0051 oob*gr 000Sz oSt
L 0004 oof'g 008°‘6 onS1
05-Y 00L'S 0056 00L'¢1 0051
19 00L‘S 005‘6 00L*St 0051
61-cey oog'v 001°Z oot'or o0t
co6'¢ oob‘L ooo‘tr oofr |
6509 ! ©oo‘zI 00g'91 000°62 cozr _
oug‘t [ TALY oob‘g 0081 |
06-3gN 0056 000°b1 ooS'1z oocr !
wWoyjeA ¢ 009°L 00g'z oog*¥ cof1
| oSo'z ook*L 000‘0z 0021
I |
| . i
' rooooro 10000 | 100°0
t
. Loy g, dmag

: Jo moy 13d 9, ‘sajes

dr01> wnmINIW 0§ $53138

fo[rejoBIy
S6b-g
L6bg

918§

X jpuoduy
qa%

068-g

(OH! SSI-N
D S§1N

gz Lofjepel)ay

0g JIIOMmIN
nQq 6-61
aev
Ay,

q Aoj3jsey

: oIy

t J,0091 0} J,00z1 wiotf s£0];p S0I puv pa810f 10{ vjop 2)vs §234))

111 9718V,



Gas Turbines 47
TaABLE 1V
10000 Hour Crecp Tests at 1500°F
Heat s Creep rate 9 per hour at b of
ea Stress K " . Length o
Alloy Treatment lb/sq in T .:.; ——— | Final reading test, hours
1000 hours 20?0 hours
{ b
S S — 3 ..... _
92 N-2 | 2260°F=WQ 10,000 0 000792 : 04.00040 0 0000015 6,500
i
N-155 | 2300°F—~WQ 8,500 0.000011 | éoooo 18 0.0000022 10,078
S-816 | 2350°F—~WQ £,500 0.00003 i ogoooeg 0.000113 10,103
These alloys are all high carbon mddifications of WN-155, which

as a low carbon forged alloy, shows good crce;) resistance.  These alloys are
the nickel-chromium-cobalt-iron base compdsitions as are S-500. S-107, and
S-495. Compared to the cobalt-chromium base alloys the former are much
superior in crcep, but generally poorcr in rupture (short time) properties.
The best cast cobalt-chromium base alloys at :1500"F show 5000 to 11000
Ib/sq.in. for a creep rate of 1% per 100,000 hours. Except for Vitallium,
which shows the lowest crecep resistance, the stress for a creep rate of 1%
per Ioo,000 hours at 1500°F is fairly constant at 10,000 + 1000 1b/sq.in. for
111 VT 2-2, X-40, alloy 61, X-50, 73], 6050 and 422-19. At 1600"F, X-g0
and 100 N’'I'-2 show the best creep resistance at creep rates of o.0001% pec
hour and above, while 422-19 is best in the lower creep rate range. .
The above alloys have so far yielded a fair amount of work and have been
widely used in turbine blades, jets, venturies and valves at high temperature
in air-crafts. ‘There is not, however, very great promise for going further
in this direction. ‘I'he reason lies in the short space between the temperatures
at which the alloys arc cast or forged into useful shapes and the temperatures
at which the finished parts must work in service.
yet another reason.

[For this country there is
1t is not only economic but strategic as well. All the
above mentioned alloys are composed of a very high percentage of metals
which are not found in this country, e.g., Ni, Mo, W, Cb, Ta, Co, etc.
1f gas turbines have to be dcveloped in this country, high temperature
materials have to be produced without heavy consumption of these elements
which are scarce lere.

One has, therefore, to look towards other refractory alloys. Thiough
powder matallurgy combinations of metals may be tried which involve mate-
rial not very easy to fuse. ‘Tlie hard compounds, which we use for making
tools and grinding wheels offer themselves as the most interesting group of
promising materials. ‘I'hey could be made into parts by powder metallurgical
processes. ‘They are strong in the formed and sintered state and are more
erosion and abrasion resistant than pure refractory metals. The borides and
carbides of refractory metals (e.g., chromium, molybdenum, tantalum,
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columbium, titanium and tungsten) offer a great promise in this field. The
author has been experimenting for a fair length of time on titanium carbide
and 1ts use for hard cutting tools and for high temperature work. The com-
pound was chosen with a special motive. ‘Titanium is found in fair abun-
dance in this country, in the South as titanium dioxide in ilemenite sand and
in the magnetite ore of Mayurbhanj State, ‘I'he author used the titanium’
after extracting it from the magnetite ore belonging to Sir Indra Singh, after
all the vanadium in it had been extracted in the works of Vanadium Corpora-
tion, a sister concern of Tata’s.  llundreds of compounds of titanium and
carbon were made during the coutse of experiments and a variety of binding
miedia ecmployed.  The properties given below belonged to one particular
compound and onc particular percentage of the binding medium, which gave
the most promising high temperature properties.

Titanium carbide was made in an experimental electric arc furnace and
formed into shapes of test rods by the method of powder metallurgy. ‘I'he
carbide was powdered and mixed with finely divided cobalt. It was cold
pressed into shape at a pressure of 30 ton./sq.in. and sintered in a graphite
furnace at about 1675°C. It was tested at high temperature with the follow-
ing results ;

*Tensile strength at about 1000°C ... 8 T/sq.in.
*Transverse sticngth at about 1000°C .. <+ 40 T/sq.in.
Specific gravity 5.5
Thermal conductivity, calorics/sec/°Cyeom e 0,09
Harduness [ Diamond Pyramid Scale (50 Kg. load)] ... 1600

Creep strength could not he determined of this mate

! rial as no instrument
was available.

» " v .
There was no apparent attack to combustion gases up to 1150°C in 48
hours, nor wuas there any loss of strer.gth. The material withstands drastic

* The apparatus in which the material was tested for transverse or tensile strength
at  1000°C cousisted of 5" x 6" x 6” platinum-wcund furnace which was slipped on the
specimen.  This  permitted the heating of the specimen to 1350°C with less than 5°C
difference in temperature over the length of the test section. The load was applied by
tueans of four jawchucks. There were guide rods to prevent misalignment. The entire
assembly was mounted on a heavy hotizontal bed plate with slots in which .the movable
head could travel. The heads were hollow cast aluminizm and were water cooled. One
head was actuated by a hydranlic ¢linder operated by hand. The value of the fri.ctional
lo.sses wx.zs determined by carrying ont a blank test with the help of known steel samples
with strain gauges attached. The specimens were 10” long and 3/8” in diameter with ~
long and 1/4” diameter iy the centrally thin portion. The tests were carried by applyi ::
load after holding the specimen at the proper temperature for 15 minutes. 7 Spplying the

For transverse lcading, a fused silica
which a space was kept in the furnace,
had reached the proper temperature.

for
iece

edge was placed at the centre of the sample,
and it was loaded hydraulically when the test p
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thermal shocks. 'There was no appreciable change in strength when it was
heated to about Iooo°C. and then quenched in water. Air cooling from the
same high temperature leaves no effect other than an initial discoloration
of the surface. Its thermal conductivity is a?out 1/10 that of copper.

The above data show that titanium garbide, properly bonded, could
be used as a high temperature material for e in gas turbines and jet engine
parts. The author has just started experi: r nting with a bond of chromium
metal. The work has not advanced sufffciently for any data to be
furnished. There are two other methods of gonverting these refractory com-
pounds into finished parts, and there arer fasons to believe that at least one
process will yield better results than those giden above. Those two methods
are : (1) hot pressing and (2) infiltration progess.

(1) Hot pressing : By this method the Pressing and sintering processes
are combined and performed at the same fime.. The appliecd heat develops
greater plasticity of the powders and permits the use of lower pressures
(t Ton/sq.in.). Graphite moulds may be usad which is an advantage in the
case of the carbide type hard compounds, for reasons of obtaining a protective
atmosphere. After the part is formed another sintering at higher temperature
may be done to complete the alloying and the fusion of components.

(2) 'The infiltration process: In this case a porous skeleton is formed
of the refractory metal or hard compound phase, and thereafter molten
materials of adequately high fusion point are drawn by surface tension into
every pore and interstice of the sintered sketeton. The advantage of this
method lies in the lower forming pressures, it not being necessary or even
desirable to reduce the porosity of the original sintered part to a minimum.
Only a small percent of the cementing agent may be mixed in with the
original hard compounds. The remainder of the cementing material consti-
tutes the impregnant. This technique prowmises greatest success from the
following coiisiderations. .

(a) ‘The skeleton manufactured before infiltration is a continuous
matrix and so is the pore system which is later filled with the infiltrants
with the help of precision casting (e.g., centrifugal casting, vacuum
casting or gas pressure casting). With both systems being continuous,
there is a lesser opportunity for internal cracks. Both the operations can
be performed by using a single investment mould first for forming the original
sintered skeleton and then for making the subscquent infiltration.

p

(b) ‘There is better controllability of grain size and the possibility of
developing uniformly large grain sizes by heat-treatment of the parts after
infiltration. ‘This may prove to be of great importance from the stand-point
of hot strength and creep resistance.

(c) 'Thereis an advantage of making complicated shapes by 'keying
together similars sections and heating the assembly so that the infiltrant fuses

and wélds the simple shapes together.
7—-:778P-—-:
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(d) ‘There is a possibility of using a slight cxcess of the inﬁltra!flt $0
that it spreads thinly over the entire surface of the part,thereby eﬁe(:*twely
covering it with corrosion resistant material. ‘This coating will be f:ontlnuous
and enﬁrcly merged with the matrix of infiltrant, which previously 1'139
permeated the intcrconnected pore system of the skeleton thereby preventing
spalling. .

From its inherent propertics, chromiumn boride appears to show signs of
interest. There are a number of borides of chromium, all, at least, as resis-
tant to oxidation and chemical attack as pure chrominm. Their basic hard-
nesses are in the region of 1400-1600 on the diamond pyramid scale. The
hardness diminishes only very slightly up to about 750°C, i.e., temperatures
now cmployed in turbincs and jet engines. ‘They are highly soluble in such
metals as nickel, iron, cobalt or chromium so that the latter materials may
be used as cementing agents. Moreover, their specific gravity is low.

'T'here appears to be yet another opportunity of the application of powet
metallurgical techniques for the production of high temperature material
with superior service characteristics. It is in the use of oxides and ceramic
compounds. It is already known that specific oxides, such as alumina, can
be combined effectively with such metals as nickel and cobalt, possibly with
the aid of intermediate bridging metals, such as molybdenum or tungsten.

Considerable work is being done at present in America on similar lines.
The work carried on there may be divided into two broad divisions : struc-
tural bodies and proteclive coatings for metals. ‘The first classification includ-
es supercharger buckets,turbine bladings, exhausts nozzles, liners for expenda-
ble and recoverable rockets and guided missiles. Although it is felt
that these dynamic parts are stressed in a manner usually considered out-
side the realm of ceramics, studies are nevertheless being made of the theoreti-
cal mechanics of brittle materials with a view to possible design to eliminate
this limatation,

Coatings for metals have, however, received concentrated attention. It
is obvious that one way to extend the temperature range and the resistance
to chemical attack ol an existing alloy is to provide it with a protective
coating. This coating must be sufficiently refractory to withstand service
conditions ; it must have high resistance to chipping and cracking under
repeated thermal shocks and it must be resistant to corrosion and erosion by
hot gases and fluids. It should further be capable of easy application to
complex shapes.

Gas turbine power plant is composed largely of sheet metal parts, e.g.,
exha.ust stack, tail cones, combustion chambers etc. Some ceramic protective
coatings Pave already been developed which have given very good service
and the life of engines has been increased by at least 100%.

. I? is wort!:nwhile to indicate some of the directions in which this work
is be.xng carried out in .U.S.A. Attempts have been made to coat alloys by
spraying refractory materials through a flame directed on the metal similar
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to metallizing process. Investigations are also being carried on the alloying
of the metallic constituent of metal bonded ceramic bodies with the surface
of the metal to which it is applied. limpregnation of the surface of alloys
with refractory oxides through pressure is also being explored.

One of the most interesting woﬂ: in this connection is that
pursued by Armour Research Foundati in collaboration with the Air
Material Command of the U.S.A. This #esearch programme involves the
study of ternary and quarternary cerami@ oxide systems in search of a glass
composition which will fuse to a homogeneglis mass at a temperrture within
the normal temperature range of ceramn' enamels. The coating is to be
applied in ecither of the two convention: ways, i.e., by sifting the dry
material on to the heated metal part, or by idipping the object in a slip or
slurry of the ceramic composition.

After the unfired ceramic coating has b%en applied, the metal object is to be

subjected to sufficient heat to cause the ceramic materials to fusc to a smooth

adhierant coating in the usual manner of porcciain enamels . ‘I'he enamelled
object will then be heat-treated or annealed, causing the glass coating to separate
into two continuous, but mutually immiscible phasecs. One of these phases
should be more soluble than the other, so that it may be leached out of the
glass structure with acid, leaving the other less scluble, more refractory
glass in place on the metal. A third heat treatment or perhaps service con-
ditions should cause the vesicular glass residue to fuse to a smooth thin
impervious, highly refraclory protectice coating.

Hissentially this process is similar to that involved in the manufacture,
of Vycor, a heat resistant glass made by Corning in UJ.S.A. In this process
a borosilicate glass is melted in a tank, from which it is drawn to form
beakers, flasks, crucibles and other chemical wares. After the ware has
been moulded, it is annealed to cause separation of the glass into two distinct
immiscible phases. Sulphuric or hydrochloric acid is used to dissolve out
the more soluble glass, leaving a porous structurec composed largely of a
thickly silicious glass in the original form of the object. Recheating causes
the silica glass to soften slightly well below its ielting point, converting
the cellular structure to a non-porous, vitreous condition.

The gas turbine is the latest forin into whiclhi the internal combustion
engine has developed., It operates on the same basic thermodynamic cycle
as the Diesel engine. Although only Dicsel fuel is being used at present for
most of the gas turbines, heavier fuels and even pulverised coal will soon be
used in them. FEven now experiments are conducted in the U.S.A. for the

‘yse of pulverised fuel in locomotives fitted with gas turbines. Whea
problems connected with the use of coal for running a gas turbine are solved,
it will be in a position to extend its challange to practically the whole gamut
of heat engines within its range of powers which, at the moment, extends
from about 1500 to 20,000 H.P. In following up this challange the gas
turbine has the advantage that it may be built in many forms, so that quite
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apart from questions of cost or efficiency it is mechanically capable of satisfy-
ing the most varied requirements from those of the power units for fighter
air-crafts to those of huge turbo-alternators of base load electricity genera-
ting stations. Unlcss some means is found for direct conversion of. fission
enetgy, the closed cycle gas turbine* with helium as the working fluid is
likely to find cxtensive use as the most favoured method of power generation
from atomic piles. Intermediate and more immediate application of promise
include the powering of locomotives and ships.

The future of gas turbine, jet turbines and even pecrhaps the efficient
utilisation of atomic encrgy rest upon the ability to construct working parts
and housings that will function at higher and higher operating temperatires,
up to and beyond 1400°C. And at those temperatures the materials must
have strength, resistance to creep, resistance to impact and heat shock,
corrosion resistance and sufficient hardness to resist the abrasions and erosions
of extremely high spced gas streams.

To combiae such properties is quite a task which the mechanical
enginecr, the power engineer and the atomic engineer are anxiously waiting
for the metallurgist to fulfil. And fulfil he shall.

JAMSHEDPUR LENGINEERING AND MACHINE
MANUFACTURING, Co. LTD., TATANAGAR.

* Gas turbines where the fuel is burnt directly in the working air are known as “‘open
cycle’ machines. 1f, however, it is desired to use some medium other than atmospheric
air for the working flui then this can be dome by using a “‘closed cycle arrangcment’’,
where the exhaust gas from the turbine is passed through a cooler and then returned to the
compressor inlet, the same gas being used continuously over and over again.

Various gases have been proposed for use as the working fluid 1n closed cycle machines,
but the most popular at present is compressed air. The advantagc of using compressed air
instead of atmospheric air 1s that because of its greater density compressed air has better
heat conduction and convection characteristics and thus enables heat exchanges and inter-
coolers to be made both smaller and more efficient. As a result of large scale atomic

fission, helium 1s expected to be both cheap and plentiful. In that event it will be the gas
to be used in closed cycle gas turbiues. ‘

The closed arrangement does, therefore, lend itself to the relatively economic prodt;cfion
of the more complicated cycles with several stages of intercooling, several stages of rehe;.ting,

extensive heat exchange elc. Its advantages show up best on large machines of sAy 30,000
K.W. and above. - . ’

‘The disadvantage is that without these complicated refinements the closed ‘cycle is less
efficient than the open cycle and it is, therefore, not altogether suitable for marine or
locomotive use where space is at a premium, nor is it attractive for peak -load or stand:by

fh;:ts in which simplicity and low first cost are more important than a slight saving in
uel.
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