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The Advanced Steam Traction Trust

IS pleased to offer

Porta Papers Volume 4

Locomotive Boiler Water
Compiled and Edited by Martyn Bane

Selection of Papers TOp i CS CO Ve r e d I n CI U de

by

Water Treatment,

Volume 4

- Special Edition - Feedwater Heating and

Locomotive Boiler Water

M I Boiler Water Behaviour

Boiler Water Behaviour

505 numbered pages
212,312 words
152 Colour illustrations
154 black and white illustrations

Ing. Livio Dante Porta, Martyn Bane, Nigel Day, Shaun McMahon, 23 Separa te papers
Joachim Robrade, Wil.liam Richard'son and Friedrich Witte 1 2 b y I n g. L ) D- PO rta

Marty Baoe 9 by other authors

30 page glossary
28 pages of references
14 page index

£40 soft cover or £48 hard cover

To download a 72 page sample, more information and to order visit:

www.advanced-steam.org/books-for-sale
or email ASTT at

info@advanced-steam.org
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RANDOMISED MACHINERY
FRICTION SIMULATIONS

By Doug Landau

I asSid 27 y2ez2yltt LIt @rtdzSa 4G ¢ aLsSSRa 6SNB GKS NJ
G2GFrf LISN) aSdid O2YLINRASR cn SYyiNRSad b22ez2ylffteé BHLISN
SljdA @t Syid G2 ynn[o FONR&a (GKS &ALISSR NIy3aSd ¢KS L
4dz02SOGSR (2 I NIYYR2YA&SR ydzYoSNJ LINPINF YYS 462 NJnAy3
G2 w>: F2NJGKS L¢9 FyYyR 2we9 SyiNxRSaed ¢KS NBadzZ ay3a N
/P NEAY3 G OFNAR2dza aYS& SELINBaaSR I O02yURSyO0S t 5SS
FYR GKS !'Yat SNI ReylIY2YSGSN® ¢KS O2yadlyid ynn £6 acC
Ly G244t wmn RFGEFE aSda 2NJ bwdzyab 2% (KS cn SYyUGNRSa
LINEANF YYS 41 & adzOK GKIFG AF 2dzad 2yS LIt yOJN\]JaYogfISaRZ(
0KS | 33a20AFGSR 3INI LK 2F RSNAOGSR aC Ol fdzSa ¢l & &AYdz
YR R21Syaz 2NJ lyeé ydzYoSN) @2dz tA1S 27 dééd LI I yi 2
LISNXY I ySyiGfte NBO2NRSRO®

¢tKS &aol gSNJ LI g
¢tg2 LRAYyGa | NB
aC @l fdsS Oly 2
AYRAGARdIZ f YLK
YLK asSia S

SNya a2 LINRPRdJzZOSR 221 NBYFIN}lofteée FIY
27T 2050 CANRGEE&Z GAUKAY GKS Ok NAI O

<,

A2Vl fl fy&R $p\q>sN£5832the y2GS K2g GK
Gae wdzy o alOFgSNI G wn YLK Aa 6A
FASR dz2LJ 2NJ R2sy NBflagS (KS Faa
A wdzdoé& RIGlF® ¢KS @SN 3IAS O

|
LJIgSNya RAALX & y GKS
GKSe IINB GeLAOlFffte oFaSR 2y | fFNBSNJ Al YLXS GKIFy GF
AaSNXSa I)/Iv? ALISSR aSiaod {2YS FRRAsa2YyIlf wdzZAo6e& 2 wlt RI
F2N) LX 2ky3 2wltod 2Afflya ftAySa Si0Oo
— Randomisad Emor Run No. 1 - MF Constant 800 Lb
_Fandonized W ~or mﬁmm MFB:]ULEI? Me;a“t_:eiﬁets :g .
s2s i3 1145 851 9% 788 [ ETR ] 1400 . =
320 o8 488 93 07 567 g 1200 P
623 863 AN 824 913 935 a 1000 >
g ERomoE oz im'f—.i{fl%-
582 5M 6% 912 A3 1061 B0 .
X6 8 s M 6w Tee o L S
BOS 209 1667 B3z 1235 &%S o
ST [ _ex o 2z e | Avergend -
Spread | Bar | 1iaa | ioed ﬂzlgilgﬁ B
b23dSa
M® ! SN 3Sa 3ISYSNIffe Syaire@dS (G2 alyYLXS airal So ¢KS
LIN2 ANF YYS®
H® bS3II oa@S NBadA §a 6AGK 2SN aC I NBE Y2NB-aBSSIp&ES2® ¢
bSEIIe@Sé OAlFLaSR G2 f2¢ &ALISSR:
0P b20S NIYYR2Y dzLJIF NR oAl a 2F NM¥zy y2én |4 on YLK® {

~ z

RIal o

M p



Randomised MF = + or - 2% (Actual MF 800 LB
0. 4 101D Randomised Error Run Mo. 4 - MF Constant 800 Lb
THE 1800
@54 1211 818 g54 954 s [ ] 1500 A
B57 1486 155  10B2 1062 &3 400 %
T2 B3 T 625 625 750 200 * 1 —
4 458 552 1002 676 A76 1084 oo ¥ * ‘ ‘ !
177 1088 705 693 663 a7 HEI:H} | : ] ‘ #
656 1640 TS B33 853 1034 200 Y * -
1 TO5 1472 936 936 982 L 2pp k]
637 649 | -0 485  5&0 745 =0 i - . > i i i
-200 0
MPH
Ranomised EmorRun M. 83 - MF constant 800 Lb
1800
15040 N .
1400
g 1200 » ] [
1004
=== '
a0 4
= 4w » = &
200 L
.ﬁ. Iﬂi." ﬂ -' T T T
s 0 500 1000 1500 2000
ik MPH
FWETaE 52i5]
u_“‘”""'m L oL Ll Ths Randomised Error Run No. 9b - MF Constant 600 Lb
=1 21 388 210 G&2 967 450 1800 #
41 IE 361 157 243 am [T 1600 ¥
478 2 455 146 37 249 1400 ry
180 663 849 1132 9@ 798 1200 ¥ & *
% 73 BSE 433 MM GEF 1045 E 1000 - - hd $
Tiz 762 614 g52 718 1252 & B00 _i * ! " ‘ -
756 | 203 592 1282 TS a0s S 600 - ¥ [ $
1550 58 @3 618 1252 796 = 400 ¢
267 6 % o0p + * $ ] )
588 A% All 0 r * ) T T T T
7ol e 200 f—H—2 % ——f—S5——o0——F——#0
o ik 400 BAFH
expenrrmlzi outcomes - Ref. Run Bb.
[Tun T ;
531 529 339 623 2 A3 20 502 20 924 0 908 2 A0S 557 B2% Randomised Emor Run Mo. 1 - MF Constant 800 Lb
B0G 1273 1092 B&3 T29 a1 123 355 209 TEl 2% 3 1400
1 ] 523 1065 1222 o7z 1010 334 B16 853 a74 1% v 1204 ™
1021 &51 937 B24 07z a1z 570 014 632 a9z 115% 1000 L B l
716 958 607 918 GBS0 A3 BA3  E30 663 4A0 | 3% £ ang ] 2 4 i [ ]
B&3 i) 367 835 52T 1061 B47 T4 TEd a70 25% L &00 & -4 . A
I I O O O o -SE -l = b am ¥ L -
00 I SO I S L I I e i e £ om0 L H L]
T | [Pt ] PRis ] Plois ] P g ] [Pty | Pl e | PO E | Pt 18] T Ave. 5 o i i L i i i i
| TZ36 141 928 o 2 I T R Y U B ] 0 1t 20 30 a0 ;0 &0 P
78 1056 967 436 32 749 1240 652 247 T3 95%
2 1076 812 485 1054 a2 arna 358 122 730 776 100% MPH
B33 16 1053 TE0 &30 TeT 457 645 139 an B5%
o7y 38 T B2 == ans 1106 E3s TES Eall 105%
713 501 865 BO8 =T 461 Bod 598 1161 297 55%

L B L R R B o - LI B 4 1agg "Endomised Error Run No. 2 - MF Constant 800 Lb
=] T Rl Rt e ] < i200 - »
i N |7 N | BTG = 1] i S = N - T T 1000 = [ - w
BOA =50 1121 ES5 668 69T TR 1134 33 819 | 1T g 200 ¥ ol a 2 H
0S4 S50 TE5 1187 o8B 912 33 055 910 776 | 4% & a0 ¥ | ] L ¥ [
538 641 TES BRS EAD &30 950 856 1070 &7 | 1% o v 4 M 4 ]
688 775 384 008 B34 824 505 734 GBI 145 | o% 200 » o i
772 78 893 768 B53 653 714 E23 @22 7R3 | @3% E ¥
T M 2 e e = e = T i a T T T y y y y
T | Sk | 0w | B | Shw | A% | oo | 10 | 0 | o o i 20 30 40 S0 60 0TO BO
=] 0l Wl Bl M T B M Bl Ml e ] T MPH
=37 S - v S - I - N § I B =" T B 2 | s
1211 1488 943 B52 1083 1648 795 649 948 | 128%
OO 932 43 BW 992 1105 653 128 304 | mo%
679 B35 T8 S80 2965 854 304 | mew

Randomised Ermor Run No. 3 - MF Constant 800 Lb

T8
S%
oLl
447
™
120
1088 624 836
B2
o7
BTT
fil
Fiot 1

954 1082 625 &7 583 B93  oAr  SB0 1063 | 1D5% A
715 479 70 925 | 108% - I% -
B0 | 851 ] 700 B4l | o ¥ »
il EEE o S 5 1000 : ¥ ¥ -
[Tun | I LD BT B e [] ¥ = =
050 &67 1180 728 B3 1048 | 2% e 0 -
60 716 1053 1165 475 718 1282 7O0 520 1140 | 1D8% f - ¥
s B44 398 888 232 128 930 632 430 A8 &2 | TIm g e "
B41 631 536 785 725 @3 BE 715 2M 7% | Bam y t y T T y y
B65 B73 564 B19  TOD 918 B2 o34 37D 1024 | oE% o o « 0 40 0 &0 7
EZ5 1031 1107 aa: 944 EE7 754 ap4 911 | 100% MPH

T ] e J o ] 3% ] o ] =%

1 I |
e ] oise | 110 ] S5 I ?Sﬂ: I L0 DT T O I T

$|§|333888|ﬁ!|§33BEEE%FEE‘EEEEE%KEE‘EEEEE"#H%EEEEEE 1




0 EE] 1125 -394 110 133 911  &25 B85 031 433 | 5% .
30 742 1115 485 B11 &1z 685 403 o56 1667 636 4% Randomised Emor Run Mo. 4 - MF Constant 800 Lb
40 1230 752 303 1241 BEE 774 €28 1106 axd 1320 | 113w
50 B17 B9 716 9es 1095 @11 92 436 931 903 | Da% o 1800 -
6 |wor e 9w B0 v &M 488 W5 7T 713 | i = 1%8 .
70 D53 717 @97 Bod  yE2 937 E41 752 973 991 | 1o7% §
LN e T I T I - I }ﬁgg r r = =
T TR | TS| % | Tk | T | % e | TR Tk | ik | % E a00 w | ¥
WEH_| Poid | Pl | Mors | bad 8 Ml [ Awe_| > 800 i 3 L
20 1088 168 G68 1117 1320 940 1032  B28 751 880 | 1A% E s * M [l
30 789 1452 103 TEF 7 TE3 615 153z 511 43 | 1w £ 200 [] [ ] L]
40 B2 333 o4 422 BA1 1204 032 B0 777 4p4 | E3% 3 o ] . ] L) ] ]
50 D2 E36 1035 740 835 8e4 ez 37 978 718 | 1mex 0 1 20 30 40 50 60 70
&0 E13 1076 o4 B0 B0 744 oo =D 606 a72 | doawm MPH
70 JO5 752 o047 BG3  BAD A0S 1005 TOD 1257 1205 | ipam
Average | Toe | ok | 50 | o | s | o] W -
T T e TR T T T T T T T T T T T T Randomised Ermor Run Mo. 5 - MF Constant B0 Lb
WG EEE 0 W e ]| o 4o r
i) o T s T R | I | L 359 i 1200 H H
30 484 554 369 B35 92 905 671 66 701 7y | erw || B 1000 [ | = '
40 1112 722 860 020 B 332 448 B2 &0 T3 | 0% g 300 | H |
50 B4 756 622 W03 691 775 1064 BA a4 935 | % 500 ] § 1
&0 B35 B53 633 630 GBS 84D BM 47 500 1273 | ocaw B 400 & "~
70 723 BBl 513 o007 4481 426 407 505 417 a7 | oow | & 2m0 4 *
FeTagE | o0 | e R I I e I I T T 8 o . T . . . : .
= % | 6% | o9k | 96% | TITE | Bie | S0 [ Moe] B | Ta0s ] % = i} 10 20 30 40 50 &0 70
L T T W W WA N R RN LD R MPH
] T i C 9B B’y BW M &d 18
30 1293 752 567 723 W80 913 WMo o & 691 | 1me%
40 762 {122 422 389 432 84 o0 7D 665 380 | oI
50 031 B43 48 1035 UE 706 1280 7S4 806 7E1 | 110w
& T BS7] Ti B0 B4 T 613 B T2 453 | Eew Randomised Error Run Mo. 6 - MF Constant 800 Lb
70 O0f 4043 303 B35 037 400 066 007 1033 465 | omw
Fwerage | 0 | e Brr L AL [k 1300
£ 1.H s o B3 Ohll e T To LF L I Y o i ﬂ 1600 [ ]
G W R BT R m& =i m%wm 1400 = ¥
g v ™ | i BT ] T 4 =T Tl % }g% ¥ L3 T - -
30 1344  BIE 156 THF M2 705 757 1422 D8 500 | 2% g a00 ] B | | ¥
40 400 630 1022 444 1120 30 850 ME AT | BE% = 600 ¥ H L L N
50 670 741 452 633 749 758 685 243 a1y 78 | odw w 200 ] = =
&0 B31 659 G633 604 G670 780 BOS G133 384 | E3% =
s T T T T T T T
70 835 E3) 784 400 i0oB 631 005 647 | oow 5 200 & M - - - - o -
£
g MPH
Randomised Emor Run No. 7 - MF Constant 800 Lb Randomised Emor Run Mo. 8 - MF Constant 800 Lb
713
:
5 1400 » X 1 — 3 138 -
1200 . . 128 -
% 1000 . B 1 3
£ aoo o 4 ’ ' I ] ‘% 4 l X
£ M 1 i )
3 L] w = 8
5 mg o 3 2
G T T T T T T £ T T T : T T T
2 a 10 20 30 4g = &0 70 EO 2 3 4 S| | I S - B—
MPH = MPH
Randomised Error Run Ne. @ - MF Constant 800 Lb Randomised Emor Run Mo. 10 - MF Constant 800 Lb
=
3 R . 3 1o .
:
¥ L) ] x bl
§ 1% —+ N : . — 1
H . M
£ ] | | L | Y £ Bg — v
£ A L - e M = 400 } M * . +
i i ' - —a
8 ool : * : : : * : E . ——
: - wr rat | bt ) =0 p=1 ) ol o (1) § _m] w o au b f ) [=i 1) J
MPH MPH




Some Characteristic Examples of Rugby Experimental MF Data

SF 92050 Machinery Friction - Test Series 1 & 2
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This is a not an untypical example of the confusion of scatter generated by the small
remainder problem. The random tendency for the speed sets to sometimes group
randomly with an upwards and downwand bias is apparent here, as was sometimes
eyident in the random number experiments.

Motwithstanding the scatter, the trendline shown reflects the speed relationship roughly
iin line with theoretical expectations. The high traction forces at low speed fall as
increasing dynamic forces kick in with rising speed. Theory notwitstandig, Some MF
data sets retum linear trendlines that are indistinguishable from polynomial trendlines
and return the same R value.

92050 Test Series 1 & 2 Mechanical Efficiency
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Figure 4 Indicated Tractive Effort

Notwithstanding the apparently biased small remainder MF scatter shifts, the
trendline resolution of Mechanical n reflects the speed/ITE magnitude
relationship in line with theoretical expectations. Evidently the bias apparent was
the relative sensitivity to the degree of fractive effort involved at diferent speeds.

Mechanical Efficiency is the simple relationship Mech. n = WRTE/ ITE

The confusing scatter of the Rugby machinery friction small remainders typically resolve into a
simple linear trendline as seen here, retum high R values when WRTE is plotted against ITE.
The equation is of the form WRTE = ITEx - C. The first term notionally represents senitivity to
effort and the negatinve constant repepresents the notional friction of the coupled wheels,
motion and pistons when coasting free of any cyfinder pumping effects. Both terms are sensitive
to the trendline shope produced by the test plotting data scatter driving the X & C coefficents. The
four trendlines bunched here closely resolve.

My



THE SUPER FAIRLIE - RENEWABLE
FUEL STEAM LOCO, HIGH POWER-
TO-WEIGHT RATIO & MODERN
DESIGN TO MAXIMISE EFFICIENCY
TOGETHERWITH MINIMISED
FIRST COST AND MAINTENANCE

James Evans
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