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This exclusive 48-p report gives specific en-

gineering data on 1060 pfoiects inthe U.S,,

Canada and overseas. Results of the seven
areas surveyed are summarized in graphic
form to help you detect trends affecting
central stations, industrial plants, institu-
tions, and commercial buildings. Survey is
a fair cross-section of current engineering
practice. Use it as a ready reference for

planning and decision-making.
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in tandem-compound turbine design are clearly
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Oil is predominant fuel; but low quality coal and cooling;i:

3CILER-FEED PUMPS FUEL FIRING SCOT QUST HEATER
y DRIV
# ey |
2
. 3 w
$ H = H R H . 2 I | %
H > : E | i S : H H 3 : = 4 *l3a 3
- X 3 H 2 2 H 3 : £ 3 3 N S ¢
O - F : I3 . a P03 2 - - S - - - O 3-3 IR
P : : 2 : g g S| 3 s s 5] 3 I - A I :
S 1 3 3 f - = ’ 3 - § a £ o @ X S 2 > z o i P
N 20 Gi¥ 33 TH 9,000 £E C 9.57 3 g RoRet &t cLy £ HOW 500 3 526 60 4, ]
30 306 i R T 10,350 A1 < 0.8 3 W RoRel it .. L] e e W
. L. T 13.500 33 [ 10.5 4 T Ret st LY & HOW 550 3 185 .. G
iT 15,000 CAP [ 0.4 $ EL Ro.Ret St e £l 7 435 u car
T 3,500 13 ¢ 10.% 6 i RoRet St ABD Vel ! 185 u EE
1540 HAL R M .. AEG 0, 113128 3 KSG £l LR ..
2900 UL § vTS 18,500 L. 0 i8.8 N N N St opP 0 h 330 150 FPL
3045 ] ACST WTST 61206200 GE D] 18,32 N \l Ret St oP Ve .. 7 178 150
39 iR R M 3500 NE [ 905 § € Rp,Ret St v Me £ 2C 450 § 65 163 w
[hpa] 9 £33 3,59yC M 3N A Q ¥ Al R0,3et St BRE N N R i 464
0.C 115117 i 0 Ro.Ret St T8 .. 4 175 0
.. L [ 133 ] N et 3 T N N
. k38 ] R AES < 354 2 <3G Rl 3 cLy 3 MAL .. R
19530 835 YL S Té 3600 STA Q 17 N ¥ Rel et sup Ve SVF PL: L 485 i STA
182 261 B “yC M payt] T 9 173 ¥ b N \ N | N IR 153 LI STAz
W00 0 ‘370 HAL 2 N 150 230 ASEA J 173 Al N N b N N N 1 360 3] STA
i 32 WPL ] T 3% MPL 0 13 N N z N N N N i 300 18 T
. . 33 M L 125 § «G 5 Rii) 8§ B8
20 025 K58 R M Q 3.4 N N N N N % N 1 m 7 HTD
5 HE [ '3 1375 HE [+ 114 ) IC Ro.Rel I LYy £l Lo 230 3 88 .. EE
‘50 HE R u's 1300 HE C 1.4 4 EL Ro.Ret 8w 3 Loo g 3 335 .oom
45 iR AyC M 2500 NE 0 3.5 ] \ Ret A N N s 165 K- |
1280 NPL ? TN 1680,:730 WPL 0.6 195,212 N N N N N N N FURS | 310 1. KH
35 458 ] T 3% 0 0.6 19.1% N L] N § N N N 3 00 2 0
235 QoW R L] 3o £E ¢ 18.7 N N L} L1 N N hi 5 385 %7 EE
000 0 LR ™ 300 ¥E o 1§ 5 CE Ret st v Vel RC w5 W TER
R0 20 ] M ] L{3 C 5.5 b 8w Ao,Ret St aw We El AT 00 3 450 Q0 S¥E
350 °p R ™M 17% wE C 1.2 3 8w RoRet St op We £l AS 200 5 152 %0 S¥E
610 AT 3 T 1300 HIT co'" sli8 2 IHH Ro,Ret St GOL M GOL 51 s 5 HT
.00 wr 3 B VDK c 14 2 Wl RoRet St wT Ve NTC 00 ¢ s 66 MEL
™ 1823 44 9 B .. GE 0,6 N N y z N N N u s T 1
i 1388 3) 2 N 1000 (13 G 218 N N N N % N N LS 3 10 ¥
338 §%% pe s LR 200,164 TD,CWE G 9gte Al Al N | N N N 50 3 6 394 AL
00 3% 1R R i 1% GE c . N N Ro.Ret 3t op Cye AT 121 3 n 90 8Lt
61130 wo? S.R T 1350319 GE 9 - N N\ el A WY N N 13 5353 7435
29 Wt 3R L Fas 5360 ,67%0 MELMIT Q 18 b N sl St wT N N 39 0 512 oWt
N} R i 250 .. L .. 5 <56 RoRet  Au oe E! Lid ki S 135 812 .-e
3 wiaw R ur 15 EEom ¢ 106 3 W RRat St OEW Me O RS wooo.. Ml
AN - K Mt 1790 nE 0 135 N N Ro,et St cLy N N 00 3 ¥4 3 MY
56 TR 3 Ty 500 TSKMEL O 135 3 \ L 3t wr N N WS zas 135 W47
3 wPL ] T3 5 vl 0 13.5 N N N y N N M S .7 AT
) R 3 " ) GE 0 135 N ] ¥ [ z N z 1 ]SA 5 ;e
WP 3 M ALY 006 3slanm ¢ -z Ret Aw P bl b 35 3 isoon ¥
2 3 “ Ve Y L . S S T R .
3 upPL . A Py 35 t1308% N N 29, Ret 5t oP N N 1] 3 129 33 =
38 vl ] A R 2 24 3 W et it i Ye HOw 13 17 a3 yES-
wT SHilaer KTA . Xynta Lta MPL  -Mather & Platt Lid SAF -Scoppe & Faeser AG
L] - .ames Mowlen, U0 AR -Kunta Manutactunng Co -Marytand Shipbutiding % Drydock Co SE - Sheidons Engrg Co
W7 -<yngener & Terry, 'ng LA - The Lowts Alus Co T -Weicnell Engineenng Group SH! - Shiba Electng Co
HY - weaw £ actncals, Ly LOC - Lancashire Oynamo & Crypto NCX  -Necha Ll SIE - Siemens sammm AG i =
C -intematonal comaysnen Lid LEF  -Lefter NN - NCCE, Mancy Siy -Sivetaek AB
.oE -intemational enesal trectrie Co LX - Leeds & Northrip NOR - Notgssk Yent-lator AB STA -Stat-Laval Tyrtune Co
oo - ISMadwanTa #arna Heavy Industries L350 -Looge Cottrell Lt NTC - Mikko Tradwg Ca, inc ST - Struthers-Weils Corp
i - tvgr Fower § 29, o0 LiE  -Lawtence Scoit & Eiectiomotors o :] - Osaka Stower Wg Co, Ld SUL - Suizer Bros Ud
R - ngersane-Rang 13 LUR Lurgl GmoH ORL - Qertinon SUP - Superior Sootbiower Co
.3 oresca 3:ameey ¢ Ly -3 T Lingsee u - Permatit Ca, Div Praudler Perawtit, Inc SVF - Svenska Flanttabriken
T - .ohn Thomgson Water Tyde Bocars, id v ~Maicom L RAT - Sacwié Rateau SV - Svenska Maskinverien
"3 -L0na TNMESiN Ausiale Py, L WAR . Goc Mam | SA ’C - Research-Catrell Ing SWE - Southwestem Eaginesrsng C0
T4 - oeon TTaMpSIn Nanecont LU0 MEL Misubishi £.ecne Mg o RE - Revance Elecinic & Exgry Co T0 - Tamper, Drv ot Canada Im "
LEEY S e <L L ¥ausen AT ut WS RF - Rengite Grv, Rockwe.l Wg Co TIB -TIBB .Mafano) 3A
R < ain fmanlon § Secxer MIC <Marypeni-hica Co, Lo E - Risv Stower Corg TQ - Franco Tosi SA
LY - NIeNSCTeI0uNgS Geserscnaf! wT - thsuDishl Hedwy fadustnes WG - Ricnarasons Westganth g TOs « Tosniba Machine Co




e deS|gn In many Cou[ll[lcb- UCHICC WUl QUAWVEIIIWULIVEL v i mgaamgere s
1
TURBINES 1 CONDENSER 1 FEEDWATER GENERATORS CONTROLS . V
T X
t
! .
? i : i
¥ ’ : B o : 3 ;
[P A : ¢ 5 = . i
1 = L i g R : H : 3 . e A
< : < 3 = 5 s : 2 z Kl H - H e : ) .
£ T 22 K s . ‘ ¢ 3 3 g c PO z O T S f
= H ° © > s ° . 4 3 . - * 2 € = < - 4 o a
dho2 L s |3 3 : § i H : I3 d R U AR S
H S z z 3 | x - < ! 1 I S A > « < S o [ - V]
i
) |
i
ST U B 8Lt Ro MM 0 13 e ) . ’
2 3 ] . . HH De De i 19 647 Hy L L R .
;’ R w o nxe R ff D i 2w hnle T I 3 {
P Y R P 08 R AEI De L a2 [ Hals . Tk
7 : € S W o B Re KL De e . S %8 hpLiHC &< Gk N KB < [
fe
£ 12 08 AE 5 : ¢ Ry BE D¢ Evap De OEG . Hy ASK ASk N N N 3 (
o 0 e : e 36 : fe PR De R 2% 6 " -
R S i R #s . Ge s Xt Ml se GE A NGtk !
o - w . At R W Le NOMR g 390 maloHS GE 6L W N a
'rg 1 : 43 . 98 De De . ASh ASK FIME N N i
: - - N
1€ MW ) A5 Cul J 0 . . . . P .. .. 1 H
Lk - 1€ : Mg ) 0 Ge e . . . e |
- § L3 I ac Ro  AEG de e SIv ) . T 2 E R G
b Coa e 3 aB Re)  STA Be N WE IR W, e SiE SIE N A i
5.3-” & S 13 a6 Rei  STA De De - 25w hy MR LN it
ﬁj ge 06 1 oTh we 2 a8 J 574 So.Evap £ STA 56 185 Au T NN it
"ﬂ s¢ B3 2 M e 5 z Al J 0 Evap N AU 11 156 A B HF N N N 17
.f'm Tc 13 i H Be 8. 2 LY W) 88 De N CHR s 14 by SAF fG N N N 18
YRR S O . REG 185 a1 ! AEG Lime Sut Gwmue' e 32 At By 8 N N N 1e
o 3 . %3 : Ag J HH De 0, JTRNCK' 11 75 Au o 6K N N N % i
I R ! ace H ¥ ! va e c;  JTKACKD e 1 H, n Gk N N N i
7z 3L t N 13 -2 LA Re,) WO De N Ay 15 189.3 hy EM B 0P N N 27
st i SIE M Cuel ) SIE £vag,De Hyd  WR% 13 £ ha 5 H N N N 3
(o 3 : i ! A8 ) 10 Eva N o b 15 L T N N N U
L (S s N 23 N AIB 3 €f Evap,De Hva AQ. PV Ar B 8™ N N N 3
AR S (o K d a4 23 : AlB ). F¥ e L.oHT 15 165 Ay gy BM  OP N N % . By
L K S o i : AclCub s De.So DU 36 NSk Re BTN NN T .
[ : M3 £ : agilo ) %0 L 13§ 8ISk R RF & N N % K
T ot 5 ! T 30 2 Ac J HIT De .. KTA 138 6.7 hy Bv Bv SHI N N 29 B 1
N S N H MEL no: i Alg 3 L1k be Hyd W U [ERE] Hy M BM N N N kY H
. N
Yoo 2¢ N SE M Ad J '] Evao N o] 138 8.2 Hy R RF h N ~ B . *2
. S N 4£ N Ag J F¥ Evag.So N WERT 1 g hy ~2C HCC N N N 32 R
¢ L8 . PER i SSLAIR J VIE tvap N Fh 1 1863 A LY M h N N 32 N
o 2 oc?! . J BLH 1 2375 Au ¥ BM N N N R 5
@ TC LS 32 2% N L1 Re T0¢ De De % €25 Ha.Li LN . GE kR
B - T (SR t : w08 ) AE ) M7 Qe A 2% HC B BM N N 3¢
[T I T ¢ N El N Acl RP L Ge FEE 12.8 187 b L. N N N 3
oy T : : % @ g B AEIES?*  EvapDeSc  De  PMHH il a3 A v CRL N ) h 3
® ¢ 26 5 x : [ J HIT 0Oe,Sec 07 L[ i n Hy EPA EPR W N N 5
D SC rel M ? A'B b MIT Ce 5o KUR 1 3L A h GK N A\ L i
y B s o - 3 At . RAWS Le,So Hve [2Y] Agr or LRL N [N N 4.
¢ 5 st : : . ) L{Y De Ge  Puwc' P [ . . . 2
1 19 1C ¢ H N L J w0 Evas, 56 . LB} L5 ov -4 N N N 22
1 kb DL H H A:E N LH S: - E_G = =37 uCe N [§ [ I
[ TTooor 8 N N TN ] ot 1d tva,DeSe L. Uws L)) 3w LRLON N N 4
1. ns 5t B N Ac J 2] Evay.Se .. AWS Ry w27 HCT N N H 48
- Tonsmma She*sawusho AlB < Agmingn brass G -Gas P -Pulverizer -
-Than kB Am - AmmRonta I - Gas-cooied 4] -Pipehine
«Uniteo Water Softeners LT An - Anthrace H - Heater —— Fa -Preymatic
. Vicuers-Amstong i Engineerst LI AsAd  -Arsenica: a0mialty h - Hydrogen Pol -Potishing demineralizer
-Vancoyver 150 & Engig Bons LD Aur -Auxinary H - Holiow conguctor R - Reguiatos
~Waitner GmoH Br -Brass HyC -Hydiau) 1 coupiing Ret - fetractanie
~Wesungneese Etectne Com C +Coal, Bilminous Hyd -Hverazne Ro - Rotary pumo of biower
- No:anngton Cotp ., cc - Cross compound J -Sleam jet RF - ReCiprocating pump
Wesrem Precimnration Coo Ch - Deiayec coxe L - Liaw¢ N -Soeec contrsi
Wit Wes(gar LIC CuNi - Copper-nicxel L - Low pressure 3T - Sungte cyhinger
. Yanow (Atncar Ply, LiC Oy - Cycione tumace L) -Notel Sed - Sedimentalion
Oe .Lemmeralizer L34 -Dual durve, mctor and turbine So - Sotene
SYMBOLS USET ABOVE Ov - Dymoe: TS - Main Wwitme staft i - Starniess steel
Az < AITIALT Ef - £rectrostalic e - Mechamcd! St - Steam
Adl . Agmucatyy, 1 Sted Evap - Lva00id"o N - None v - Tubtne
Al - A num £ - Separate ‘hters 0 -Ou 72 - Tangem compound
OWER *+ OCTOBER 1965 S 13




electrical generation costs in central stations. The hlgher operatmg(
‘older steam plants accounts for many such turbines in peakings
Base load gas turbine generation, on the other hand, will not be as e(’;a
ally attractive until fuel costs are cut. A step in this direction haslx
development of coal-firing techniques—although technology is st&%}
experimental, one such lignite-fired gas turbine is in the tabulations
Emergency standby gas turbine sets are finding an important aflg
in large computer-controlled central stations, where a contmuous?
liable source of power is essential to automatic operatlon Since; in
these stations are oil-fired, a gas turbine standby set is a loglcal £y
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ndustrlal plant. It is generallv believed that the
nd toward self- -generation will continue in paper

t, in food processing. There is also a trend to
er turbines to cut initial investment per kw and
prove operating efficiencv. The 1963 survey be-
“lists 25 industrial turbines installed or under

construction in the U.S. and Canada. Chart above
shows how these divide by type. Note that 539, are
condensing with automatic steam extraction for pro-
cess, space heating and hot water. A small sample of
8 overseas installations is also included. While the
turbine business is cyclic, orders last year were good
and the outlook for 1965-66 looks promising. This is
in sharp contrast with conditions just a few years ago
when ten turbines a year was a good average.
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INDUSTRIAL | . e
STEAM SYSTEMS (I8 Boilers are now equippediii

and Canada, covering a total of 226 units'ges
over 10,000 1b of steam per hr each. Total sf
erating capacity of these boilers is close

. A

Firing methods

Total hourly steam generating capacity,

thousand Ib per hr, and number of new 0il-gas combination
units surveyed at various pressures and
. o1l alone
temperatures’in the U.S. and Canada
Gas alone
———— ] €M peratures, F
Below 400- 500- 600- 700. 800- 900 &  Spregder stoker
' Pressure, psig 400 499 599 699 799 899 above
' Below 200 5700°
; lu (- Coal and bark
: t_—‘ 200-299 545 1100 40 100
1 1 .
, ﬁ . (22) (28) { (@) 0if and bark
| 300-399 30 360
tv (1) (8)
400-499 1205 740 1580 Pulverized coal
(6) (6) (8)
40 500-599 60
\ (n Vibronng stoker
? 600-699 180 220 4540 130
i (2) (31 A7 (R )]
700.799 O and coof
800-899 1950 190
(6} (1 Exhoust ond other gas
900-999 300 500
(1 (3)
(0s ond borx, sowoust,
1000 and 2555 w000, black ilguor
above (5}
Totals, 1965 Travelng grate,cyclone,
21,925 6245 1310 1665 960 6120 238013245 pulverized coal with gos
{226) (133) (28) (13) (10} (25} (8) (9
Totals, 1964
19,600 4400 1470 110 1210 6600 3310 2500 : '
(155} i86) 17y (3) (9 (22) (12} (6) Regorted units, /0 SN

" z.,”‘

*Total hourly steam generoting capacity, without parenthesis  GREATER FLEXIBILITY of firing equipment makes it p“‘"’“w
* *Number of units surveyed, in parenthesis the most economical fuel. Exhaust fuel is used <7 I




R J BERDER, Consulting Editor

,_wlder variety of firing equipment and controls

£l designed for anyv single fuel, but rather for a
ation of fuels. This reflects the growing de-
< f{ owners to take advantage of anv fluctuation
LKU) to occur in the availability or price of fuel.
jMore boilers are fired with recovered heat, such
é‘blast furnace gas. CO from catalvtic operation
ﬁxd exhaust gases from a turbine or some chemical
Focess. Byproducts and waste materials are also
1%ed more frequently as fuel. in firing equipment
[‘aapted to the efficient combustion of bagasse, wood.
gwdust, coffee grounds, etc.
% Spreader type stoker, still the leader, is used
for coal as well as for some of the byproduct fuels
mentxoned Among pulverizers, it is interesting to
note an increase in the number of hammer mills.
ﬁus seems to indicate more use of pulverized coal
b“’sma ler industrial boiler installations. In the
1920 s, boilers generating as little as 50,000 1b of
geam per hr were pulverized-coal fired.
:Maximum sulfur content of fuels used is tab-
ted. Except for systems burning natural gas, this
mfbrmation shows that few boilers would be able to
mply with pollution control regulations, if “fuel
jality” rather than “"ambient air” is used as the cri-
7 of atmospheric pollution. However, the num-
...of boilers now provided with dust collectors,
#ven in medium-size installations, indicates that
ore thought is being given to air pollution control.
urvey shows 39 units equipped with dust collectors,
jostly electrostatic or mechanical types.
‘Trend toward pressurized furnaces (585; have
iem) and elimination of ID fans continues for both
igh- and low-pressure boilers.
i Corrosion. QOur survey question on corrosion
rotection was not clear enough. Some assumed we
swere talking about waterside corrosion and gave
?more details on “‘internal treatment.” an item also
govered in the feedwater section. From this we
i, earned that a great many plants use $ulfite and,
fgcain as manv. amines. for waterside corrosion pro-
Mection. Others assumed this question was aimed at
Beas-side corrosion. Their answers revealed that a

adlmes This mav be a powder 1n)ected into the
armace or boiler passages. or take the form of an
Badditive for fuel oil.
& Feedwater treatment is always provided even
Bor relatively small boilers at low pressure. In most
s, a combination of several techniques is used.
. _.a as caagulation, filtration. zeolite softening and
Rdcmineralizing. Particular mention was made on

Detailsof high-temperature water systems

Water Pressurizing medium
Pressure, psig Temperature, F Temperature, F
Outlet Return Steam Nitrogen
15 250 180 —_ 300
135 350 250 — 300
248 400 250 250 300
425 450 300 —_ 500

manv returns of the importance of removing silica.
Deaerating heaters are emploved whenever justified
bv size of the plant or nature of the process.

In-plant generation. A great deal of the steam

drives steam turbines to generate electricity. Higher
steam pressures and temperatures predominate in
the petroleum and chemical industries and are
slightly lower in the paper industry. Almost com-
plete independence from any outside utility connec-
tions show the high degree of reliability that has
been reached by these systems.

Mechanical drives. Many steam turbines also
drive high speed pumps or compressors. One tur-
bine, listed in the survey, provides about 18,000 hp
at 10,000 rpm for direct drive of the gas compressor
in an ammonia fertilizer plant. Steam conditions are
900 psig, 900 F. Turbine is the condensing type,
with automatic steam extraction at about 400 psi.
There appears to be a definite trend to steam turbine
drives {or high speed rotating equipment.

Topping type turbine, developed a few years
ago, is a newcomer in the paper industry. In this
tvpe of system steam extracted from a high pressure
turbine supplements steam from a lower-pressure
boiler at the throttle of a low-pressure condensing-
tvpe turbine.

Manufacturers report a substantial increase in the
use of electro-hvdraulic control svstems which make
operation of the steam turbine much more flexible.

Also gaining favor is the static excitation system,
including built-in spare capacity for both silicon rec-
tifiers and automatic regulator, with provision for
switching to spare capacity under load. Cost is not
anv higher than a comparable rotating system.

High-temperature water systems are making
progress for space heating and process. Ten installa-
tions. covering 21 units with a total heat generation
of some 1160 million Btu per hr, are included in the
survev. The HTW expansion tank is balanced with
either steam or nitrogen under pressure (see table
above)} mostly according to designer preference.
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More large boilers supply high-pressure st
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STEAM SYSTEMS Four types of dust collectors play vital ro
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Principal use

Electric generation

Standby oower

- Peaking power

Mecnanicat drive
Total energy system
Gas pump*
Processing*
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engine COMPressar

Full diesel
Spark-1gnihon gas
Duatl fuel

Tri-fyel

Dieset o
No 2 fuel
~
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Otners

OVERSEAS UNITS are used mainly for power generation. U.S.-Canada
lead in number of engines for total energy systems, mechanical drives

Type engine and fuel used

Almost twice as many engines:

Of special interest here is that of the 712 units surveyed throu:
the world, only 489, are full diesel. This is mainly due to th.
nomics and availability of natural gas. Generating electricity i
the main use, by over 70%. The fact that the total energy cc
accounts for 7% of the various uses is worth keeping an eye on.
it comes to engine capacity, size range up to 500 hp contains 2
the units surveyed. Interestingly enough, 469, of the total are
in-line type, with V-block cylinders accounting for over 28%,.
Unquestionably oil and gas engines are going through a dy
era of research and development. This year POWER readers req
us to survey more units, which are tabulated on the following
. STEVE ELONKA, Senior Associst

Total surveved

=1 US, Conado .
- Overseos Cylinder block

In-line bl 'a’m

Vee

Coposed-piston
Radial

Deita

Not indicated

0 0 20 30 ¢
Reported units,%

IN-LINE AND V-TYPE cylinder block are most popular of the fi
.+ types surveyed, aithough over 239, did not indicate type ©

0 6] 20 30 40 50
Reported units, %

Engine capacity, hp

6000-8999
5500-5999

5000-5499

4000-4499

T
. |
\ ) . 4500-4999
|
|

; : : ; 3500- 3999

' 30C0-3499
0 Q0 20 30 40 50

Reportedunits % 2500-2999

2060-2499

1500-1999

e T 1000-1499

500-999

0-499

Reported units, %

Qacaered Loits %

FULL DIESELS overseas are more than double the total in U.S.-Canada, WORK HORSE range for larger engines is 2500-2999 hp cat
no doubt because natural gas is not avarlabie in most other countries the U.S. and Canada. More of the smaller engines are U

ged C
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