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The obJoot •Of this thea'ia 1s to m~..ke an experimental 

inv~stigatlon of tl.w Flow of Superheated Steam througl1 orlfioee 

in thin plates, {only or1!1oes having· a rounded approach to be 

used) and if possible to develop a formt.la which would he simple 

and yet give results w ticl1 will be ad-equate for moat engineering 

work. 



If su:pa,:-heri.ted steam is e.llowed to expand t hrough an orffioe 

,11 thout losses of any kind the expansion will be 1sentFop!c and tne, 

ooleulatio11s to obtain the rate of flow would be Vf!s rJJ simple, but the 

friction 0£ the fJteam passing tr1rough th<~ oriflee oauses the eXJ..>anaion 

to fall somewhere between an lsontropic and a oonstant heat expansion. 

1'his ~u1res that expa:timnts 1)e made w1 th ea.ch orif.'i oe to 

determine the o~nst~ts whioh d-ete:n,iine th.a tl'US expansion. These 

The detemi,nation of these constants 1s rieoessn.ry in order 

to obt ain t he co~~t value ot the velocity. After the velocity is 

dete~mned the qunnt!ty £lowing o.:~ be computed b7 t,ho fo:rr.m.la 

or 

where 

VA 
A 
s 

A ~ area or o~.ifice in eq. ft. 

v = velooi ty of tl1e steam passing the neok of 
t.he ori:ftee. 

Q ~ Cu.bio toot of st-ea passing the neok per 
unit of time. 

w = welgM; of steam in pounds passine tho neck 
per unit of time. 



S JI: oub1c feat per .pound of steam at the neck 
pressur.ee 

The nack i,1~e sure is :e2 down to ·the ori tioal 
presmire .. 

~ie velooity of the steam can be oalottlat&d by two differ-

ent methods; by knowing the Nla.tions between p am s. or· by the use 

of. stea:"1 c~~rt3 imd ta.bleth 

praot 1 cally no en~:r.m, loilt so the process oan be asmv:11ad to be adia­

bat 1o and to follow the lnw that 

.Knowing the relatio11a betwe:en P and S the velooity without 

z (R t = )Q. Sdp 
~ 

after substi tuti:ng the value of S e,nd pe:rto:nai.ng t.he integration~ :the 

expression reduces -to the fom 

whe:re 

P
1 

= 1n1 ti&l pressure in pounds per sq. inch absolute 

s1 = 1n1M.ru. volume o! the steam in eubic feet per pound. 

P
2 

~ neok prossu-re6 

:t'he va lua of n 1n tl'lis equation for mtpe.rhea.tad steam is 

this value ver, 113ter1ally, but as .soon as t.°f'\e expan.sion falls below 



the saturation point, its value drops ver:;" rapi<J.ly. 1'h1s makes t.he 

use of the formula just given for 'finding the veloelty or the steam 

useless where tho e~~ins1on falls below the saturation point. 

By far th., ea.sleet and best method for finding the veloo1 ty 

is by the use of ute~~ tables and ohArtsB tnis method can be used 

regardless of tflfhether the e:q,anaion falls below the saturation point 

or not, md is the r1ethod ueed in this thesis. 

i.ite Qnlz, ~noro ohal'l€8S tlJl.ldng plaoe in the eJql&ns ion are 

changes from pot~ntlal to k.lnetic ener~. The total e-ne?"gy before 

and arts,_.. t.lte orH:"1c-e. be 1.ng the sa."48, can be e,q:,r.tlssed in tha f'orm 

of an equation 

v~ 
~ + 

2g 

for one pound ot steam .. This equation mm be put in the- f"om 

2 ~ .!.!_ _ _1_ 
2g 2g 

whieh gives the method f:o-r findi~ t..lto cl~ 1n kinetic anerey. 
9 

Considering tJ"lat Vi ::: 0 the 8f!Ua.t1on reduoes to the form for 

the velocity 

when 
Q .. = 

J. 
'"'"' y + o ... + , .. 'l.J. 1 ---.a. 



V =i veloeit;,- ot the eteam in faet per second at, the neck 
or the o r1f1oa 

heat of the li<Jttld 

s:pooif1c heat at constant pressure 

D - nu~r of deerees of &uperheat if superheated 

X = quality or tho stoav,n lf wet. 

Th1s e<;uaH.on s.1mplU'1es into 

Ql and ~2 can bo ta:zmt direct11 from the steam tables or charts. 

The velocl ty reaches a maximum where R. = ( 2_) ,I!; 
R n,,.17 

when n :.i: 1.33 for stiperheatGd ste~ {See arpimdix for ;Proof. ) 

made that a oons :iflJ'lt mat be fottnd ri11hieh wou.ld g ive the true velo-

1.~!s constant is mainly the :re·m.1lt or the 

heat ava1l~ble to be tro.nsfonnad into kinetic energy. This can be 

shovm to tli~ best adva.nt889 by tha use of d1agra..1?1th Using r1rst 

chart (F1g. 1.) A is the point showine the initial 

eondi tion of tho s~uam a.t the pressure P1 ant1 temperature T1 • The 

expansion in th ideal case 1e. ad1aba.t1c ., he-nee along the 1eentro­

plo line to the point :B wh1oh 18 at the baek prtHJ.$UrB P2 and tea­

i,era:ture T3• l'ho tne exp:.ns!on takes plaee a.long the lino AC , 



C bel:ne the tme final condition at the ba.ok :pressun P2 and temp­

erature t2 • 

The mt-0unt of this :rehea.·t is represented by th~ differ­

enoes or the total };ieats a t T3 and :r2 o:r the area. below the p2 

line betwoon the en;tron lines .i 13 ¢, and C c/Je . 

will be shown oro·s~ ha tehod 1:n two direct.ions. 

l'l1e s~ r~sult ~'l\ll be obta1tiad troni the ~'Ollie~ (liagram 

(Fig. 2) and be seen to a better advantage. ~he le tt5:r11lff in the 

temperature-entropy mid heat-entropy d186r!imS are the same. The 

reheat is represenf-~l by th~ distsnoe G.2 - Q3 and tho reheat 

factor is th& rati-0 of (Qz - Q.3} to CQ1 - f!S) • 

t1he valttQs of' X that will oo found in th~ ex11~rL10-nts 

is the rat io of the actual weigh~ discha.reed to the theoretical 

weight of diooharge. As all the <:uant ities in th~ ~u.ation. 

with the fl>XOOpt11on of the tl'Ue velooi t:,. a.re known. this tao t or 

K 1s the fao·t or tht"ELt obtains tho true velocity from the theoretical. 

The faotor ,.,. in trw following fo~.ula is the square root of 

( l - reheat factor) or t~e r atio of the square root of. {(t
1 

- t:l2l 

to cc1 - Q3}. Thi~ le true becmi.se th~ quare root o:.r H11 - <i2l 

must be ta.ken in or,;-le:r to obtain the veloo1 ty and the valt1e K is 

used to obtain tt~ tnie vel-oo1ty. 

tme flow will 'hfl 

The fonmla to • obtain the 



where {"ti - Q3 ) is the heet drop in the irleal oase and is taken 

from the heat ohart. 

Afta1." tire stea,;n passes throll£h the orifice and into the 

oh.amber at the pressure P2 , another change takes plaoe. 'l'he kinetic 

energy in 'the steam is lost by eddy mlr.rente and l)y the i tnpaet of 

the swl-ftly iooving steam against the :steam in the d1seharge chanlber 

which ls at comparative rest. ?his action is simils.r to the a.etio..,_ 

takiug pla-0e 1n a th~ottling calorimeter. This will cause ~~o tem­

perature in the diso~~rge ohamber to rise and the temperature rr2 

will give tho temperature at P2 minus radiation losoo,s and the kin­

etic enerSY {l"<Uised by the dlfferenoe,s of volumes before and after 

passing the or1f1oe. 

~46 a;p;paratus 1@ ahown in {Fig .• 3) a valve A. pressure 

gauge C. thenMwmto·:r T1 , orifice O, themor.1eter ... 2 • gauee 1'1 , valve 

B, corulenser D.. and Fairbanks J;!orso S-()ale-s- i not shown j to weigh 

the oondensatt,. ~ p ipes lead:ing to and from the orifloe are two 

inch. The the:.mooietar well for T1 was pla.oe·d in the pipe far e­

nough so that the part of the t~rmometer Utled was entirely oxposed 

s· om oorractioi~.s were necessary for T .... 
;:, 

beoause the valve E was too near to allow the use of a deep ther-

mometer well. Stem oorre·ot 1ono were talcen from t-he set of eurv.-es 

plaoed in the appendix. 

The valve l3 was used to regulate the book pressure P 2 • 

7. 



8. 

After this pressure was regulated the pressure conditions /before and 

after the orifice oould be kept the same through-0t1t the test by re­

gulating t.lie valve A. 

An ext·ernally :tired suy,erheater was used whioh gav-a the 

opera.tor control over the degree of superheat at T1 by regulating 

the fire under the superheater. 

During any me te-st all the oonditions were kept as oon­

stant as possible b y close attention to the pressures and superheat .. 

The tests for each back pressure were usually 20 to 30 minutes in 

length. During each test the pressures, tef!lpe:ra.tures., and weight 

of condensed steam were recorded several tL"ne-s. By ta.king these 

readings ~Y i rregu.larl ty not shown by the gauges and thermometers 

would appear and the trouble remedied before proceeding with the 

tests. 

The orifioes used are shown by the two drawings, Fi g. 4 

and Fig . 6,. 

RBSULTS AlID CONCLUSIONS 

The resu.lts can be shown best by an inspection of the 

ourves: the curve or the-ore ti cal flow, the curve obtained by ex­

periment, and the curve or X whi oh is the ratio of the a.otual 

curve t~ the theoretical. 

It will be seen that the maximum flow does not ·l,aJte place 

at about .54 p
1 

but that the flow gradually _increases for values 

of P2 l 54 • - .es.s than • . P1 • 
P1 

Rate.au 1n h1-s book on tile fl.ow of steam 

does not reach a maximum for P2 equal f!o or a little less t han 



9 .• 

• 58 P1 , bu·t increases oon.stantly as p
2 

:fall&. tf 

Att·er a oompnrlson or. the curve-a it Will be seen that -one 

or two pounds ahunge 1n the 1nit1al pre,esure ~ or trom 5 to 10 degrees 

ebange in ths 1nlllal temperature, does not produce an effect largo 

enough to a-w ruiy d.1£ teronee in the aoouracy ot the work; but re-

gardless of this the conditions were kept aa eonstant as possib-le 

throusti.out ~eh test by oon~ta.nt observation. 

By examining the data 1n the &-ppend ix 1 t will be seen tmt 

the heat losiit !b&tweo:n T1 an:4 T2} due to radiation w:a.s 6bout 2 B. 

t.u. per pou.ild.. This loss ii. so small that 1 tu valtte as ao.mpared 

to the total B.T,u .. per pound or steam is neglitlb-le 1n promu:ing 

anY ohange ln ·the reau..l t. 

From the ourvea ot K 1 t will be seen that the valu~· o-r x 

drops at f1rat, reae.r~1ng a t'linlmu..l!l value 1n the neiehborhood 

where- P2 ls equal t .o .e; and from there the value: 0£ K .riaii-$ 
P1 

and finally flattens out into a nearly straight line. This lower-

ing ot K is to be expect.ad £·or the re-a.son that ~en :]. is nearly 
Pi 

unlty the veloe1ty of flow 1:, so small that p:riu:t10:t"\lly no friction 

would result .. 

?h-e posalbility that the- atfflllffl oontained an:, moisture 

when 1 t reoohetl the orifloe ls very sliellt for the reason that 1 t 

had to pass around 7 right angle b-ends afte-r lea.vine th-e super­

heater and before going tMough th@ orifice. T'tl..1 s oh~ing of 

t he di !'e~tton of flow so many times caused tr lotion and eddies 

whle..11 must have entirely done away with th-a pos,r:r1b1lity that the 

steam coJ\ta.!ned moisture when it reached the o.rlfioe" 



No att~t was made to develop a fonimla ror the now, 

because tho t.~eor6tical reethod9 modified by the :proper constant 

whieh mttst be obtained by expe,rii11.n1t i is by far t he eadest .and 

most sati§faotoey me tllod to use. 

10. 
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.? p m T Degrees of superheat .Lb:ei,)per l 2 l 2 
lbs.per sq.in.abs. Degrees F t1 t:z Uin. 

104.3 , ~.3 3~5 346 24 24 9.05 

104.3 89~j 358 348 21 29 10.6 

104.3 84..3 U7 353 36 38 lle9 

104.~3 79.+i mu 342 20 21 l ~ f) 
t-.••w 

104.3 74..~ 348 335 r, ,,, 29 14.10 

104.3 59..3 35l. 337 20 35 15.20 

104.3 &.,.3 357 344 26 43 15.25 

104.3 67:93 359 345 28 4.5 15.25 

104.3 66.3 361 347 30 48 15.20 

104. 3 65.3 362 348 31 50 15.35 

104.3 G4 .• 3 3.53 342 32 45 15 .• 70 

'104. 3 6..1.:J 362 347 51 51 15-.. 45 

104.3 o2e3 363 346 32 53 15.55 

104.:1 61.3 ;162 347 31 53 15.55 

104.3 60o:i 362 34? 31 M 15.75 

104.3 59.3. 362 ~™ 31 54 15.80 

l04e3 54e3 361 342 30 56 16.20 

104.3 44~:3 358 318 2? 45 17.00 

104.3 34.,3 355 313 24 56 17.20 

A~'erage superheat 28<> F.,. 



~.JS? NO.,. 2 COltREC'ffiD AV!~RAG~ 

lh? 'I inch orifice rounded approach 

:? l l?z r1 I-2 ti t2 Lbs IJeX' 
Lbs.j_}er sq • in.. n.bth, ~ -cr.rees '1' ~811' or sui:mmeat. Illn. 

104.3 94.3 405 400 74 77 a-.s 
104.3 84.;i 400 392 69 ,, 11.5 

104.3 74.Z 401 3~l6 ?6 00 13.S 

l04e3 72.:.~ 406 394 ?5 90 14. 26 

l04u.>3 709:i 401 394 16 92 14.60 

104.~ f;B.,.o 40?' 394 76 93 14 .. ?5 

104.3 56.Z 408 394 71 95 14.96 

104.3 64.1'3 401 388 ?O 91 15.3 

10443 62.~ 405 13:90 14 96 15.55 

104~.3 60.-$3 399 382 68 90 15.55 

104 .. 3 54.Z 413 397 82 112 16 .• 05 

104.3 ~.4. i 421 399 90 126 16.10 

104 .. 3 34e3 426 405 95 148 16 •. 35 



114.3 

114.3 

114.3 

114.Z 

114.3 

114.3 

114.3 

114. 3 

1/2 inoh. o:ri.f'loa l'O'ltnd.ed approach 

458 

439 

440 

440 

439 

438 

439 

416 

424 

416 

415 

424 

425 

426 

419 

417 

415 

93 

101 

96 

91 

100 

102 

102 

103 

103 

102 

1.01 

101 

102 

Average euperhe-at 100° F. 

93 

109 

112 

107 

180 

12A 

127 

128 

132 

134 

144 

158. 

12.75 

15.70 

15.70 

15.90 

16.10 

16.20 

16.40 

16.65 

16.90 

17.30 

17 .. 50 



25. 

TllST NO. 4. -OO~CTED A VFJtA.GF~ 

lh! I inch orifice rounded am;,ro.eoh. 

pl ? m T tl 
.. Lb& .• per 

2 J. l 2 -~2 

Lbs.per sq .in. ab&. Degra·es F .. Degs. ·or superheat ~- tn. 

114.3 9.~3 367 358 30 35 13.3" 

114.3 84.3 3?4 362 37 4.7 15.0 

114.3 74.3 375 360 38 5:.-s 15.95-:· 

114.~·l 74~ ;574 359 37 52 16.-45 

114.,3 72~3 375 359 38 54 16.70 

11403 70 .• {) 374 :l57 ~17 54 17 .• 05 

114.3 68.3 376 367 39 56 17.10 

114.3 66.3 372 353 36 54 17.40 

114.3 64,.,3 371 351 34 54 17.60 

114.3 -6:2e.3 a73 Z52 36 57 17.SO 

ll4o3 51~3 373 351 S6 60 17 .• 70 

114.3 5-~~ ,3 372 34,7 55 61 18.10 

114-.3 49 .• Z- ~W2 :i~4-0 3~ 
~ 66 lS.20 

114..3 44-o:3 V/3 345 :-% 72 10.::~o 

114«3 39!i 3 ?'/74 :144 37 78 18.34 

114.3 34,,,3 3?4 :M;l ~,s7 B,'9 
() 18.34 

114~~ 2493 :,7;; 338 ~3-6 100 18. ll.5 

ll4e3 18.3 372 335 35 113 18.30 

.i\VCl'af;O sur.ierhr-i..at 36° },~ 
: e 



?BS? t it(}. 5 COfilTuJ"\1TZ:D A VEri.AfrrlS 
1/4 inch or1fioe rounded ar,proaoh~ 

t1 t 2 Lba. :per 
.Degrees of su1>erhoot· sq .. in. 

114~3 94,,.,3 5i:t 510 194 187 3e26 

114.3 1,4.,;5 545 524 208 218 3.96 

114 .• 3 6'9-a!3 s:u 510 19"'\ 208 4.15 

114.3 64.3- 5-24 502 187 205 4.37 

114.3 59 . .,3 534 5l0 1~7 218 4.33 

114.3 54.3 52'7 504 190 i1s 4 •. 40 

114 .. 3 44\{i~ 5Z4 508 197 2:~5 4.38 

114.3 ,24, .. 3 534 507 197 r;, 0 ,,...o .,, 4.43 

Average wr,er~at 196° F .. 



27. 

11I 4 .\nob orifioo roumled arm?"''~ch . • ..... v 

pl p2 !ff T tl t Lbs.pe:1r Vl V """l 2 2 2 
Lbs.per SCI• :ue~a F. Degree,.9 minute ou.tt41' Ott.ft. 
in. a.b ... sup·erheat 

104.3 94: .. 3 525 000 194 183 2.30 5.47 6.00 

104 .. 3 74.3 &12 513 201 206 3.46 5.6 7.75 

104.3 64.3 524 505 193 208 3.80 5.46 8.70 

104.3 6~ .. :5 523 518 192 226 z .. sa 5..45 9.70 

104tt3 57.3 521 497 190 208 3.90 5..43 9.75 

104a3 2'1,Q3 5.13 5-05 202 267 4.03 5.51 23 •. 50 

Aver~ superheat 196° F •. 5.48 



Room ~am];l()ni.tttre SO C'- . 

1/2 inoh orU'ice rounded ar,proach. 

Time P1 P2 T1 
Hr.~--~ in. Lbs. per sq. in. p0 

2:05 90 60 352 332 

2:15 9·0 80 366 346 

2:25 90 80 362 342 

2:35 90 80 359 340 

2:45 90 eo 358 340 

Totals 

0:40 1797 1700 

Averages 

90 80 355 340 

Gros-s Tare r~t Lb-a. 
wt. lbs. wt0:lb-s~ wt.lbs. per· 

Min. 

46 46 0 0 

134 46 68 a.a 

226 134 92 9.,2 

318 226 92 9. 2 

408 318 90 9.0 

1132 vr70 362 

9. 05 

Corre~~d Avorages 

94.:3 ~56 346 ·9.05 

l. 



2 

1'ime ?1 r2 T m:i: Gross Tare lie't Lbs. 
F6 2 

Hr. ran. Lbs. per sq.in Fe wt.lbs. wt.lbs. wt.lbs. per 
min. 

3:00 90 75 :3'60 342 46 46 0 

3:10 90 75 358 342 152 46 106 10.6 

3:20 90 7·5 357 341 258 152 106 10.6 

3:30 90 75 357 342 364 25.8 106 10.6 

Tota.la 

0:30 14Z2. 1367 820 502 318 

Ave~8 

90 75 358 342 10.,6 

Corrected A:verages 

P1 &bat µ,,.) 
• w abs., 

104~:, as~-3 358 348 10.6 

- - - - -
3:30 90 ?Q 363 344 70 70 0 0 

3:41 90 70 367 347 200 70 130 lL.8 

3:50 90 70 36-6 346 3-08 200 106 12.0 

4 :00 90 70 368 347 42? 308 119 11.9 

4:07 90 70 369 :"48 57 57 0 0 

4 :17 90 ?O 369 348 176 57 118 11.s 

Totals 

0:40 2~02 208·0 1;n;;i;7 7-62 475 

Averages 

90 70 36-7 347 11.9 

Corrooted Ave rages,. 

104.:~ 84.3 :.167 353 11.9 



Time 'P_ ?2 ;i 
~ Grosn Tare not Lbs<> -1 J;~. 

Hr.run. 4 'bs. 1)8'.r S<t• 'i!a-e F . wt. lbs. st.lbs. wt. lb . pP.r 
min .. 

3:38 9{) 65 i53 3:W 4,5 . 5 45.5 0 0 

3:50 90 65 3~9 335 204.5 45.5 159 13~25 

4:00 9-0 65 350 ;;:;s s:w 204~5 133.5 13.35 

4:10 90 66 3SO 334 467 :;:)7 l JO 13.00 

Totals 

0:32 1402 1;;41 1054 6:52 .• 5 422. 5 

Avoraees 

35.l 336 13 .• 2 

Oor~oted .A 'Y'f' ::r.age· s 

104.:1 79.3 a5l 342 13. 2 

4:15 90 ~o ?>49 531 46 46 0 0 

4:30 00 60 347 3.30 260 48 212 14.14 

4:44:30 90 60 344 326 464 260 204 14.,07 

Totals 

0:29:30 1040 9S7 772 !156 416 

A~:rage-s 

90 348 329 14.l 

Go:rrecte·d averaees. 

104.3 74Al~,s ;i48 3S5 14.l 



Time P1 ?2 £- T2 Gross Taro Net lbs. 
1ir.z.Un. lbs-. per sq.- 1n. Ft Fo wt .lbs. wt.lbs. wt.lbsc,_ _per 

rni.n. 

1:12 90 55 349 386- 46 46 0 0 

1:.22 90 55 351 331 198 46 .152 15 .. 2 

1:32 90 55 354 334 350 198 152 15.2 

Totals 

0:20 1054 993 594 290 304 30.4 

Ava:raues 

90 55 351 331 15.2 

Oor~ec~d Averae-ea. 

104.:; 69.:i 351 3;17 15.2 

- - - -

1:45 90 54 357 :J37 ~t6 46 0 

1:55 90 54 357 3~17 19-8.5 46 13~.I 15.25 

1totals 

10 714 674 244.5 92 152.5 

1.1,,verages 

90 54 357 :.;37 15.25 

Co:r :rected Averages 

104:.3 68.3 ;,,57 344 15.25 



5. 

Time p p2 T1 T2 Gross ·Tare llat Lbs. 
Hr. ll1n. lbs~ t'Or sq.in. Fe ro wt.lbs. wt.lbs. wt.Its. per 

min. 

1;58 90 53 J58 3.37 243 .• 5 24.$.5 0 0 

2:08 90 53 360 :339 396~ 243.5 152.5 15.25 

Totals 

0:10 710 6'16 639.5 487. 152.5 15.25 

Avemges 

90 53 359 338 15 .• 25 

Corrected .Averaees 

104.3 67.3 359 345 15.25 

- - - - - -

2:11 90 52 360 ;;40 45 46 0 

2:21 90 52 362 Ml 198 46 1-52 15 .• 2 

'l'ot-als 

0:10 722 681 244 92 152 15.2 

Averages 

90 52 361 340 15.2 

Oorreott1d A.ve ra@::;s 

l04u3 66.3 361 347 15.2 



Tlmo pl Pz T1 T2 Gro.ss Ta.re Net Lbs. 
Hr.Min. Lbs. por sq~in. 1'"0 po Wto lbs. wt.lbs. Wt. l • per 

min. 

2:24 90 81 ~:S62 341 ?A:,.5 2'k1.6 0 $ 

2:34 90 51 862 341 397 243.5 153.5 15.35 

Totals 

0:10 724 682 64.0.5 487. l53a5 15.35 

.A-ve:rages 

90 ~l ~52 i41 15 35 

Oor:reeted Averages 

l04o :7 o5~z 362 348 15 . 35 

- - - - -

4:20 90 50 367 340 215 215 0 

4: ;;o 90 50 362 334 370 215 155 15.5 

4::40 90 60 Ul 334 200 4''°") 157 15.7 

4:50 90 50 t160 332 358 200 158 15.8 

To-tala 

0:30 1450 1340 114.~ 6?3 470 15.,7 

,Aver~ 8 

90 50 363 ;,;35 lt5.7 

Oor.reated ,Averages 

104.3 64.;1 363 ;142 15.7 



Time 1\ P2 ! Tz Gl'OtlS ~<·tre Net l.bs. 
Hr.m.n. lbs. ~r sq.1n .. pJ r·u:- wt. lbs,. wt.lbs.fl wt.lbs. par 

min. 

2:~;7 90 49 :562 340 45~5 45~5 0 0 

2:47 90. 49 ;562 341 200 45.5 l~h5 16.45 

Totals 

0:10 724 681 245.5 91 154.5 15. 45 

Avera.gas 

90 49 :1u2 340 15.45 

Co rreet{!d .Ava-rages. 

104.3 6'5.i 362 Z47 15.45 

- - - - - - - -

2:50 90 48 362 MO 246.5 246.5 

3:00 96 48 364 342 402 246.5 155.5 15 .. 55 

Totals 

0:10 726 662 648.5 495 .. 155.-5 15.55 

Averagire 

48 363 5/:t,l 15.55 

Co:rreot&tt Aver~s 

10~~11 ~~ 62.3 363 .348 15 .. 55 



1'1me ?1 P2 
Hr.Min. U,a. ~r Bq.1n. 

3:03 90 41 

3~13 90 47 

0:10 

90 47 

104.3 51.3 

3:15 90 46 

3:25 90 46 

0:10 

go 

104.~i 60.3 

363 

362 

725 

362 

a. 

l'z G,ross fal'e Net Lbs. 
lF wt_. lbs. wt._lbs. wt.lbs. :par 

!!in. 

341 45.5 45.5 0 0 

340 201 45.5 1;55.5 15.55 

Totals 
681 246.5 91 155.5 l fi .55 

.;,,.vo r.a..• s 

340 15.55 

Cor-reoted: Aver.ages. 

362 ~~4'1 15.55 

- - - - - - --

362 340 232.6 ..232.5 0 0 

S62 340 390 a3t.5 157.5 lS.75 

Totals 

724 680 622.5 465 157.5 15.70 

Averag-e:& 

362 340 15.75 

Oorrecte;,;l Ave.rages .. 

~i62 547 15. ?!J 



Time P~ P;2 
ecr,., f!:2 Gross Tare Net tbs •. 

·i, ~ 
.,..1:. 

H-r.Min. J"" s.:per sq, .. ln., Fo F" wt.lbs . wt.lbs. ':"It . lbs. ~r 
min. 

3:3-0 90 46 362 3J9 45.5 45. 5 0 0 

3:40 90 45 362 339 204 45.5 158.5 15 •. 85 

3:50 90 45 :161 3-3.S 362 204 158 15.8 

~t54 90 45 425 362 63 15.75 

4:00 90 45 :,61 338 140.5 46 94 •. 5 l ~i •. 75 

Totals 

0:30 1446 1354 1177 703,. 414 

A1rerages 

90 45 362 339 15.8 

Correota r;_ .,t...verages 

104 .. :.1 59. :1 :-rs62 ~-l-46 15.8 

4:03 90 40 ~61 336 72.5 ?2.6 0 0 

4ilZ 90 '10 361 335 235 72.5 162.5 16.25 

4:2', 90 40 361 335 396 &:15 lol 16.l 

4::~, 90 40 3!$9 334 206..5 45.5 163 16.1 

.tota!s 

0:30 1442 1:140 912 425.5 1186.5 16.2 

;..ven~ff 

90 40 361 335 16 . 2 

Gor~ote-d Avera.r,es. 

104.3 54.3 361 342 16.2 



10. 

·Time ~ ... ) 1'1 T2 Gross Taro Uot Lbs. .. l 1_2 
Rr. Mln. Lbs. per aq ,.!n. F(; Fe wt. lbs. wt .lbs. wt.lbs .. per 

m.ill. 

13·:32 90 30 3!S5 SO? ~4 64 0 0 

12:42 90 30 35~• 310 ~~ 54 172 r1.2 

12 :52:30 90 30 359 313 418 236 l-82 rlf)5 

1:02 90 30 :~59 :n .. ~ 205 46 159 16.S 

1:12 90 30 559 ~;15 373 205 166 16. 8 

:iiotals 

0:40 1789 15-6-0 129-6 615 681 

Av~ rages 

'90 30 :S58 312. l?. 00 

Co r:re oted. Avera.gen 

l!M.3 .. t4 .. 3 358 318 17.00 

1:18 90 20 :356 307 75 75 0 0 

1,.26 ~') 20 355 :307 247 ?5 172 17.2 

1:35 90 ~o :i54 30'1 419 247 172 17.2 

1:48 90 20 355 30.8 217 46 171 r,.l 

1:.58 9.0 20 354 :.;oa 389 217 172 17.2 

Totals 

0:40 1774 1537 1347 660 687 

Averages 

90 20 355 ~;07 17.2 

Corncted J! ve~s 

104.3 ?>4.3 355 313 17.2 



11. 

ROOt'\l temperature so c: P. 

1/2 1tl<"Jt or1fice rounded &J>proaoh. 

Time P1 ?2 T1 'f<; Gros~ Tare ?"et Lb-a. 
R!". Min. Lbs. 1)0':r sq. in .• Jr'(\ }4~ wt.lbs. ·,rt.-lba. wt-.lba.. nor "· 1~1no, 

9:23 90 so 396 ~58-4 46 46 0 0 

9:33 90 00 4.03 390 134 46 88 a.a 
9:43 98 so 410 396 222 '134 88 a.a 

9153 90 00 416 402 309 i!22 87 8.7 

10:(A, 90 ao 402 388 39'1 309 88 8.8 

Totals 

0:40 2027 1960 1108 757 ~51 

Averages 

90 00 405 39.;: f3.8 

CorNate-d . .i:\Yeraitee 

104. 3 94. 3 405 400 e .. a 



12. 

Time :?1 P2 T1 T Gross Tare Nt:";t Lbs .• 
ir. t!in. Lba. ~r sc, .1n. ro ·/6 Wt . Lbs. Wt.lba . wt.lbs., per 

Min. 

10:06 90 70 402 360 46 46 0 0 

10~10 90 70 :~72 358 159 46 113 11.3 

10; P..6 90 70 390 377 276 159 117 ll.? 

10:36 90 70 405 390 ~92 276 116 11.6 

10: t.t(} 4.19 :392 47 11.72 

10:46 90 70 4J.2 396 115 46 69 11--5 

10:56 90 70 416 400 229 115 114 11.4 

TotlilS 

0:50 2397 :i'..301 1616 1080 576 

Ave~s 

90 70 400 3ff~ 11. s. 

Oo:r.rtH)t.ed Ave rde,'eS 

104. ~ 84.:5 400 392 11.5 

- - - -
10: 20 90 60.: 404 ?,85 46 46 0 0 

10:31 90 60 406 387 199 4:t; l !¼'S 13.9 

10: 40 90 60 408 390 324 1!9 125 13. ·8 

10:49 90 60 409 390 441 324 125 13. 8 

Ave:r.ai~es 

90 60 407 388 13.9 

Go:-r~cte.t.1 Awrae;es,. 

1()4.3 74.3 4.01 396 13 .9 



lime t>, 11 ' Ti T2 Gross Tara Net Lbs. ~. -i 
Hr.m.n. lbs~ ~ ,:• ;Sq.!n.., Fe Fo ,i't. lbs .. Wt -elbe9. Wt.lbs. per .. -

Min. 

9::n ·oo 38 408 388 46 
.,.,. 

'tO 0 0 

9:41 90 58 406 ZS6 188 4;6 142 14..2 

9:55 90 58 406 386 306 188 200 14 .. 3 

AV0r8.88S 

90 58 406 14.25 

9:.!59 90 55 407 386 46 46 e 0 

10:09 90 56 '1-07 386 193 46 147 14.1 

10:19 90 56 408 387 3;;9 193 14G 14.6 

/ ·.V0'."8-~S 

?O 56 407 356 14.G 

Cor-rected Averaaea .. 

104.:.~ 70.3 407 394 14.6 

- - - -
10:22 90 54 i!J.)8 58,6 46 4..6 0 0 

10:32 90 54 407 386 192 46 1,1,6 14.6 

10;42 90 54 407 ~8'6 :.i41 192 149 14.9 

.1.-..verege.s 

90 54 407 386 14 .• 75 

Oorreoted Averages .. 

10.-'.tt.3 68.3 407 394 1411.75 



14 

T'lme :?~ P .. T T.-. Gross fare Net. Lbs .. 
Hr.Min. 1be! '!'t'~ ~.in ~ p c;~ wt. lba. wt.lbs. wt.lbs. per 

Atine 

10:45 90 52 407 ~i86 46 46 0 0 

10:55 90 52 406 386 195 46 149 14.9 

11:05 90 52 408 386 ;;45 195 150 15.0 

A~rages 

90 
~ . .., 
P]:'; 406 :~-66 14.95 

Correoted Aw.rages. 

104 .• 3 &6.:> .itOS 394 14.95 

- - - -
10:55 90 50 409 387 46 46 0 0 

ll:15 90 50 398 3?6 352 46 306 15.3 

11:21 90 50 396 374 4A3 352 91 18-.2 

Aver~s 

90 50 401 380 15,.:; 

Corrected A 1.f01,v~e. 

104ai 64.3 4.()1 388 15.S 

- - - -
11:08 90 48 407 384 46 46 0 0 

11:18 90 4B 40{> :,;a1 200 46 154 15.4 

ll:28 90 48 404 38,Q 353 200 153 15.3 

A.vorftges 

90. 48 405 3-82 15.55 

Co:rniote(\ Averages 

10403 62.3 405 390 15 .. 35 



T'ime p P2 '.t\ T~, Grose ~ Net Lbs • .... ill l Rr. Y:ln. ~ 89 patr sq.in~ FQ r wt. lbs. ..;1t • . l&s. wt . .-lb:s. ·per 
min. 

ll:32 90 46 402 378 46 46 ·o 0 

11:42 90 46 39.S 374 aoo 46 154 15~4 

11:52 90 46 3~5 571 357 200 151 15.7 

Av.oraees 

90 46 399 S74 15.55 

Co.ne-cted Averaee•s .• 

1-04.~~ 60 .. 3 399 :582 1.5 .• 55 

- - - - - - - - -
1:21 90 40 4{)8 382 46 46 0 0 

li30 90 4-0 412 386 189 46 14..1 15.9 

lt40 90 40 416 590 350 189 161 16-.'l 

l::45 90 40 417 390 431 350 81 16.2 

Averf-g6'S 

90 -40 4 .1,., 3:8'1 16.05 

C.orreetri Average-a 

104.3 54.3 413 897 1.6.06 

- - - -- - - - - -
1:50 90 30 418 368 46 -t-s 0 0 

2:00 90 30 420 392 2,06 46 160 16s0 

2:10 90 30 424 59•1 369 206 lfi.1 16.3 

J; Yel'"6888 

90 30 421 391 16.l 

Coxrt,cted Averages 

104 . .,3 44.,3 421 39.9 16.l 



~l'tM 
Hr.Hin. 

2:40 

2:50 

3:00 

3:10 

90 20 

90 20 

90 20 

90 20 

90 20 

104.3 34 .. . 3 

426 

426 

426 

4?.!f 

T2 Gross ~re tlet Lbs. 
l'" Wt., lbs. wt.lbs • .-Jt. lb-s. per 

min. 

394 46 46 0 0 

395 209 46 16"3 16.3 

395 :i75 209 164 16.4 

397 208 46 162 l-6. 2 

Ave.rae.oa 

426 396 16.35 

Correotad Averages.. 

426 405 16.35 



Tif.oo. 
Hr"' ~nn. 

9:27 100 

9:37 100 

9:47 100 

9:57 100 

ltDO 

114. 3 

10:00 100 

10:15 100 

10:29 100 

100 

114.3 

Room ~e.tt1~rntun eoQ 

1/2 ir,cll onfioe. rounded a.1,,proaoh. 

?2 Grose ?&~ Net 
p<i Wt . lbs. wt. .. lbs. wt.lbs. 

80 420 ;s9s 46 46 0 

80 429 406 118 46 132 

80 4:54 411 304 178 126 

60 ~,a 416 4;;0 304 126 

Averages .. 

4.,0 407 

Gorrected Averages. 

9.✓ •• 3 430 416 

- - - - ·- - -
70 440 416 46 46 0 

'10 43·7 414 268 46 212 

70 4.~8 4l.4 457 2-r;s 199 

.o. VO ~e3 

70 43:S 4.14 

Cor~of;:$d A vera,ee ts-ft 

al!r.ti 4,8 4.~4 

Lbs11 
per 
mine 

0 

12.75 

0 

14s>l5 

14.2 

1~.2 

14.2 



1me ~,n !.1 !.., Gross Tare Net Llm .. ""l "-tr, 

u~. Min~ LbB. !)er ·s<71,in. Fo 14'~ wt. lb-o,. wt.lb$. wt.lbs .. per 
mtn .. 

10: :~1 100 60 ~-57 412 46 46 0 0 

10:43 100 60 433 408 203 46 157 JJ5.7 

10: 5:J 100 60 431 401 362 203 159 15.9 

10:58 100 60 432 408 439 362 Tl 15.4 

11:06 100 60 4-~0 405 1"11 46 125 15 .. 65 

Averages· 

100 60 4.13 418 lS.7 

Corrected ~verat,~s~ 

114.3 'M, •. 3 U3 418 15.1 

- - - - - - - - -
11:10 100 62 42'7 404 46 46 0 0 

11::20 100 62 432 408 2-01 46 155 15.5 

11:30 100 si 426 403 360 201 159 15.9 

Avo~~s 

100 62 4~ 405 18~7 

Corraeted. Ave:r~~s-'!' 

114.~ ?6 .. 3 428 4l5 15 .. '-l 



19. 

Time 1i P.2 T1 T2 Gross '?are Net Lbs. 
Hr~lfin. J~bs .. p&l" aq.in .. 1~ pi; ¥i t . !hi; . wt.lbs •. wt.lbs. tJe:r 

1':lin. 

1: 25 100 58 432 409 46 46 0 0 

1:35 100 58 ·439 4.16 205 46 1.i'S9 15.9 

1:51 100 58 ,44.() 416 460 205 225 l5o9-

l>..veraeea 

100 58 437 414 15. 

Correote.d Averages. 

114. 3 72.3 437 424 15. 9 
- - - - - - -: 

1:53 .100 56 440 416 46 46 0 0 

2i 03· 100 56 4"59 416 20·7 46 161 16 ... l 

1:13 10{) G~ ~'39 415 368 20? 161 15. 1 

.a. ve :r&.{~ s <f. 

100 !it; 439 415 16.l 

Corrceted Averages. 

11,t.3 70.:~ 4:39 ~5 16. l 

- - - - - -
2:15 100 54 4S9 415 46 46 0 0 

2:26 100 54 ~,, 415 224 46 178 16 .• 2 

2: J6 100 54 4.39 416 386 224 162 16.2 

1\VG-~8• 

100 54 439 415 16. 2 

Corre·oted f:.verages 

114.3 (~ .. 3 43·9 4.'di 16.2 



20 .• 

Ti~ P~ 
J. P2 Ti T2 Gross Tare Net Lbs. 

llr.Min. Lbso per sq.,1n. F '-' Fe- wt. lbs. wt.lbs. ¥it. lbs. par 
min. 

2:42 100 52 440 416 46 46 0 0 

2:53 100 52 440 416 225 46 119 16.3 

3:03 100 52 440 416 390 225 165 16.5 

Averages 

100 52 MO 416 16. 4 

Corrected Averages. 

114.3 66. 3 440 426 lG .• 4 

- - - - - - -
3:06 100 50 440 416 46 4-6 0 0 

3:16 100 r,o 440 415 212 4-6 166 16.6 

3:26 100 fi() 440 414 379 212 1-67 16,/1 

1,verages 

100 00 440 415 16.65 

Oo:rrect.e-d A.ve-ragea 

114 .. i 64 ... ~ ~\O 425 16.65 

- - - - - - - -
3t28 100 45 440 414 46 46 0 0 

3;38 100 45 439 ~13 214 46 168 16.8 

3i48 100 45 4,.~ 413 364 214 170 11.0 

Avera~s 

100 45 439 413 16.9 

Jorrected Ave~~e 

114.3 59.i ~~9 423 16 .. 9 



21. 

Tims ?1 ?2 Tl Tz Gross Tare Net Lbs. 
l?r. · ~1n. Lb.s .. Pfn'." sq •. !n& F pc lbs4i wt. lbs .wt.,, lbs,.wt .• per 

min. 

3:51 100 40 439 412 4-6 46 0 0 

4:02 100 .,w 4.17 410 235 46 189 17.2 

4:12 100 4() 437 409 4D9 Z15 174 r1.4 

1,tverages 

100 40 438 410 17 •. 3 

Oorroctod J.verage•s _. 

114.3 53e3 438 419 17,.3 

- - .... - - - - -
4:14 100 :ro 43:6 406 46 46 0 0 

th24 lQO so 4,10 410 219 46 1?3 11.3 

4:34 100 30 437 407 395 219 176 17.6 

Averages .. 

100 30 438 408 17.45 

iJor~oted Averages 

114.3 44,.3. 438 417 l?.45 

- - - - - -
4:36 100 20 436 403 46 48 0 0 

4:46 100 20 4:40 40'7 27..2 46 176 17.·6 

4:-51 100 ~.-0 442 410 309 222 57 17.4 

Averages 

100 20 4...19 40'7 17.5 

Oo r1"6ott:H~. .il ve r.agtls. 

114.3 :14.3 4.19 415 17.5 



';i;iM 

t!r , •. inn. 

S:47. 

t'h!J"I 

9:00 

9:12 

~h20 

T2 ,•~~ so~ 1. 

lloa ~ -ntun 60'0 '.f. 

1/2 tnoh orit.lce rotmd.~d f'.l.l)pr.oit:oh. 

P1 :P. 
Lb$!> per ,mt,. tn. 

Tif Sm ea _ ~~- Ne t l~bs. 
F wt. 11Ja. wt.-.l"bs.. ~ .. lbth, p.ur 

100 

100 

lOt) 

100 

100 

100 

l(,0 

100 

100 

1{)0 

100 

80 561 "" 
60 UV Z50 

80 Z?3 356 

A l't:\~$ ... 

St) 36? ~to 

Ctirrected i .V(U'"&JiJHJ,. 

94;.3 36? ~8 

·1{) 

10 

70 

10 

3?5 

ff& 

3'115 

1;1r, 

z1, 

354 

~~2 

3'53 

;:;ta 

" 
180 

~12 

46 

2!6 

.Z4& 

381 

4& 

46 

lSO 

~, 
46 

2!6 

46 

46. 

ioo 

mi.~-

0 0 

0 (l 

l-80 16.0 

l.00 l.5.0 

('; 0 

1$9 15.9 

176 Hi.O 



Time ?1 Pz fr1 1'6-, Gro s !fare Net Lbs. 
Hr.!ain. Lns. per &1 ... tn. n F wt.lbs. wt.lbs. wt.lbs. par 

min. 

9: 46 100 50 374 350 46 4-6 0 0 

9:56 100 i>O ~74 358 210 46 16? 16.4 

10:06 100 60 37·5 35-2 375 210 165 16.5 

Averages 

100 ,,;o 374 351 16.45 

C"r~oted A. ve rages 

114.:-l 74.t'l 374 359 16 •. 45 

- - - - - - - - -
10:08 100 58 37'!5 S51 46 46 0 0 

10:18 100 58 377 354 212 46 166 16.6 

10:28 100 58 374 349 360 212 168 16.8. 

Averages .. 

100 58 !'S75 361 16.10 

Correotad Aver r1ges 

114.a 7?.~3 375 359 16.-7·0 

- - - - - - - - -
10:30 100 56 373 349 46 46 0 0 

10:40 100 56 375 350 216 46 170 l7it0 

10~50 100 56 375 Z50 =~87 216 171 17.1 

Ave~s 

100 56 ~174 349 17.05 

Gorreoted /}., ve ~ .. aee 8 • 

114.3 ?Q..,.3 374 351 17.05 



Time pl l\i 1- ~ G:ro·a!! 1.~re Net LbB·o 
pl ~ Hr.l) H1n. I.h-sa per D'{ .• in.e !{ • wt.lbs. wt.lbs. wt.lbs.- per. 

.J.n,. 

10:52 10{) 54 ~76 350 46 46 0 0 

11: -02 100 .54 377 3'51 216 46 170 17.0 

11:12 100 !i4 375 350 ,.-88 216 172 17 .. 2 

AveraeesG 

100 M 376 350 17.-1 

00l"rt-.JC tad .A.v4?-:- r ages. 

114.3 6603 376 357 r1.1 

11:14 100 52 ~74 348 46 46 0 0 

11:24 100 52 31:.Q 344 221 46 175 l7~5 

11;34 100 52 372 34:6 ~94 221 173 r1.:s 

A'Vflr~S-• 

100 5~ ... 372~- 346 17.4 

Corrected Averages .. 

114.3 OOa3 312 353 rt$4 

- - - - - - - - -
11: :56 100 50 3'72 345 46 ~\6 0 0 

11:47 100. 50 :.·W2 345 238 46 192 l'?.6 

lli5? 100 ,o 369 :,42 415 238 177 11.7 

Ave-rages .. 

100 50 371 34.4 l?.6 

(!orre·ete d .>;vertlSE>S 

114 .. 3 6-t.:; :.w1 351 17.6 



25. 

Time Pl ~2 ~ 112 Gr-osa Tare- !iet tbs. -'-! ?lr. t\\11n. 1b6 ... per eq ... inf,} F 'F" 7-7t 11lbs(/> Wt .• lbs~ Wt.-·Urn.J> per 
} in .. 

1:1~ 100 48 376 1149 46 46 ,0 0 

1:23 100 48 372 J,L,4 224 .t~ l,..78);, 17.8 
I' 

1: :1~? 100 4B 372 344 402 22.4 l'r'~. 17.6 

Avert1g0s. 
\ 

100 48 373 346 :r:~"-8 

Cor~eted Aver age 1 

114:.-3 6,t.3 373 :S62 l71l 

... - - - - -
1:35 100 45 372 344 46 46 0 or 
1:.45 100 45 3?4 345 2?~ 46 177 l l1~7 

Aven~s 

100 45 313 345 17~ll 

Oor:racted A"reraees 

114♦. !~ f59~ ~j 373 351 1, ... 1 

- - - -
1•47 100 40 373 ~ e ,. ~ 4& 46 0 0 

1:51 100 40 37£ 340 221 46 181 18.l 

2:07 10() 40 372 342 408 2,Z, ,181 18.l 

1::Y'tH '~ $" 

100 40 :~?2 Ml 18.l 

Corrected Ava.rages 

114 •. :,; 54.S 372, 347 18-.l 



'time 
Hr.Hin 

2:09 

2:19 

2:21 

-21-31 

2:41 

2:43 

2:55 

P.1 ?2 
Lbs.pe-r sq.in. 

100 ~5 :i72 340 

100 35 312 340 

Aver~es. 

100 35 -372 340 

Gross Taro Not 
wtolbs. wtslbs. trt.lb:s. 

4:6 46 0 

228 46 182 

Carr&cted Av-e~a .. 

ll-4.~ 49 .. 3 372 346 

100 30 372 ;jzs 46 46 0 

100 3.0 372 z:m 229 46 183 

100 2a()· ~f'14 340 412 229 183 

Aver~s 

100 30 373 3;;9 

Corra-0tad J. .. Ve-l"ag~:S., 

114.3 4A .• 3 373 348 

- - -
100 25 3?A 338 46 46 0 

100 25 314 339 266 46 220 

Aver~pa 

100 25 374 338 

Corrootnd A 
1veraee11 

114 •. :J 39 .. 3 ;t/f4 :;.44 

26 .. 

Lba. 
per 
min4 

0 

1e.2 

l8o2 

18 • .2 

0 

lS.3 

18.3 

1$.3 

,1 18.3 

0 

18.34 

118.34 

118..34 



'rilne 
Hr.. ,,~in. 

2:57 100 2-0 

3:07 100 20 

3: 17 100 20 

100 20 

114.,3 34.,3 

3:20 100 10 

3:35 100 10 

1()0 10 

114.3 24 . 3 

:h40 100 4r 

~:50 100 4 

100 

114.3 1e .. a 

Gross Ware !at 
1~'t.lthh wt.lbs. wt,.lbe., 

1?75 3$.6 46 46 0 

3"'13 334 229 46 183 

~-f14 336 413 229 184 

Ave~ag~s 

374 ;'M)-5 

Corr~rnted Ava:rages 

374 34.l 

- - - - -
:,;74 333 46 46 0 

371 ~30 323 46 277 

Averages 

373 332 

Gor:reoted. Aitel"Qf,."OS 

~;•13 ~~8 

- - - - - - -
371 328 46 46 0 

~W2 ~;o ~29 46 1si 

tv -;:eages 

372 529 

Correo-tad Ave~s. 

372 ~35 

Lb.s~ 
per 
",Fin.., 

0 

18 •. 3 

18 .• 4 

l.S-•. ~ 

l S .. 34 

lS. 45 

16~-45 

aa. 45 

18 .• 3 

18.a3 

lS.3 

\ 



28. 

Room 'l'et'lperature 80° 

1/ 2 inch ori fir.Je :rounded approMh .. 

Time Pi 1\i T1 T Gross :!are Not Lbs ,.. 
llr~ iUno L'bBe- !)~l" ·8(111.ln .. ]'O Ff Wt. lba~ Wtttlbth WtG>lbs. por 

min6' 

10:16 100 80 508 475 45.5 45.5 0 0 

10:26 100 80 532 495 82.5 45e-5 37 3.,7 

10: 36 100 so 553 513 112 62.5 29.5 2o95 

10:47 100 80 541 503 141 112 35 3.18 

10:56 100 80 519 486 1?6 147 29 3.22 

100 00 531 495 

531 510 

- - - -- - - -
l0i59 100 60 520 486 187 187 0 0 

11:12 100 50 550 512 237.5 187 50.6 3.9 

11:22 100 60 56:i 523 278 . .-5 237.5 41. 4ol 

11:-32 100 60 547 510 317.5 278.5 39 3.9 

A~r~se-

100 60 545 508 3.96 

Corrected. Average-a. 

114-~ 74.:1 
~, ,~ 
:)<,, ,) 524 ~$.96 



29. 

Time Pi p2 T: T .. ~ Gross Tare Net 1:ns • ..&. G 
Hr.Min. Lbs .. per S(!_-e: in. Fo F'' wt.lhs. wt.lbs .. Wt . lbs. per 

mln. 

11:35 100 55 541 504 45.5 45.5 0 0 

ll t45 100 55 530 494 87 4.~.5 41.5 4.15 

11:55 100 55 528 492 128.5 81 41.5 4.15 

12:05 100 55 525 489 l?O 128.5 41.5 4.15 

Averages 

llO 55 531 495 4.15 

Corrected Aver~s 

114.3 59.3 531 610 4.15 

- - - - - - -

12:08 100 8.0 525 488 182.,-5 l82.e5 0 0 

12:20 100 50 525 4SS 2~3 182.5 50.5 4.21 

12:32 100 50 Sc,O 492 ~s:s.5 23~ 50 •. 5 4.21 

12:46 100 50 514 479 348.5 i::-83.5 6-5.0 4.,65 

Avera.~s. 

100 50 524 481 4 .WI 

Corrected ~veraees .. 

114.3 6.tit.3 524 5-02 4.,37 



Time ?1 
'4) 

!1 T Gross 1'8.1"0 Net tbs. J t· F~ Hr. Min. Lbs. iw-r sq. n. JO Wt.lbs. Wt.lbs., 'r4t,. lba. per 
min. 

12:50 100 ~~ 513 4?7 45.5 45.5 0 0 

1:00 100 45 527 489 89.5 4S~.5 44 4.40 

1:10 100 45 543 503 133 89 •. 5 43.5 4.35 

1:21 100 45 55:1 512 1?9.5 133 46.5 4.,2'3 

Average s .. 

100 45 534 495 4. 33 

Corrected A.verages 

114,.3 59.:; 534 510 4.33 

- - --- -
1: .23 100 40 550 509 188.5 188~5 0 0 

1:34 100 40 517 4?9 235$ 188.5 46s5 4.23 

1:53 100 40 515 478 320.5 235 .. 85~5 4.5 

Av-er~s~ 

100 clO 527 489 4.4 

Correoted Avera.gas. 

114.3 54.3 527 504 4.4 

- - --
1:56 100 ;so. 532 490 45.5 45.A 0 0 

2:10 100 :;o 536 496 98 45,tt5 5~.5 4$38 

<;or:rec ted Averages. 

114.3 ~3 534 508 4. :·m 

- - - - - - -
2115 100 10 533 4g2 120.5 120.5 0 

2,29 100 10 534 492 182. 5 120.5 62. 4 .• 4''3 

Corrected Avti:r~s. 

ll4e3 24.3 534 50? 4 •. 43 



31. 

T~T oo. 6 

Degrees OD l'b.2 expoae-d to T2 :ii 900 Fit • 

l:looM Tempera tura 500 F. 

1/4 
I 

inch er1fioe rounded approach .. 

l'irne :P1 }?2 ~ :t>z Gross T~N Net Lbs. 
Hr. 1 1.n. Llul.per sq~.1n. FQ wt.lbs. wt.lbs. r:t .. lbs. per 

min .. 

2.:34 90 ao 527 492 ?~2 20-2 0 0 

2:45 90 80 515 .tit133 222.5 202 20.5 l.B-65·: 

2:56 90 so 523 490 25.2.5 2U.5 30v0 2.73 ,. 
~ 

3:06 90 ao 5,35 499 275.5 252.5 23.0 2.3 

Correated Averages 

104.3 9.r~.3 525 506 2.3 

- - - - - - - -
3:10 90 60 545 50'7 286 2S6 0 0 

3:20 9-0 60 565 5.28 320.5 286 :,4.5 3.45 

3:32 90 60 517 l.t:$6 362.5 320.5 1..2. 3 .. 5 

3:38 90 60 502 472 383.5 362.5 21"' 3.5 

Oorreoted av-erages. 

104.3 74.3 532 513 3.48 

- - - - - - -
4:00 90 50 510 477 45.5 45.5 0 0 

4:10 9-0 w 5-27 493 84. 46.5 38.5 3.85 

4:15 90 ·50,w 
t . , 536 6(J0 102.5 84 18.5 3.70 

Corrected. Aver~~s 

104.3 64, .. ~ 524 505 3.80 



Time p_ p ? ~ Grose ?are Net Lbs. 
!Ir.Hin& ~b l BC!•:ije Fl ~ Wt.lbs. Wtolbs~ wt.lbs JJ a.per per 

min-o 

4:18 90 45 541 50-4 114 114 0 0 

4:30 90 45 546 510 160 114 46 3 e.84 

4:35 90 45 629 494 lSO 160 20 4. 00 

C.or:recte<l averag.es 

104:a,J 59.,3 s~, 516 31>88 

- - - - - - - -
5:00 90 43 505 452 264 264 0 0 

5:10 90 43 ~~5 490 303 264 3·9 3o9 

5:15 90 ~3 &~ 496 322.5 503 l 9e5 3.9 

Corrfieted nve.rages 

104-l:.J f>1 ~3 521 497 3.9 

- - - -
5:18 90 10 535 493 334415 334.5 0 0 

5:28 90 10 535 493 :n5 ~,4.5 40.5 4 .• 05 

5:35 90 10 530 488 403 i75 26 4.00 

(}orreo te.d averagea 

104.3 24~3 5~{3 505 4.03 



P2 

pl 

.905 

.857 

.sos 

.760 

.713 

.616 

.. 515 

.537 

P2 
Pl 

.,05 

.aoo 

.713 

.616 

.580 

.540 

DAT.A COIJ..EC-J~.rn> FROM COMPUTATIONS TO OBTAIN 

l'HE THBORWl'IOAL WEIGHT 01! DISCHARGE. 

T:~ST JO. I 

Ave-rage Deeree,e of Sup~rheat :::. 29-c F. 

Pl lllC. 104.3 lbs. abs. Ql :. 1202 

P2 r· 
'-4. l - Q.2 C: unlit:,1 Velootty Velum 

94.,3 8 15° 630 4 •. 81 

89.:? 13 90 810 5.00 

84.3 18 ae 950 5 .•. 24 

79.3 ~3 .99? 1070 5.52 

14..Z 2-8 .993 1180 5 .. 85 

64 .• 3 39 .98-3 1415 6.64 

60~ 44 .980 1480 7.01 

56 .. 50 .975 1580 7.46 

~s, KO. 2 
Average Degrees -Of Superheat = -770 F. 
Q1 = 1229 P .. :Iii. 104.3 lbs. -abs. 

J. 

p Ql -Q2 
CU&l.lty Velocity Volume· 

2 

94.3 10 65° 720 5.20 

89.3 

84.3 19 53° 980 5.67 

?4.3 30 36° 1225 6.23 

64.3 4 .. .0 18° 1470 6.96 

60.3 48 100 1550 7.29 

56.3 54 100<- 1645 7.65 

33. 

W-el(#lt 

10.·10 

13.22 

14.80 

15.83 

16.47 

17.20 

17.30 

17.28 

WeiF.ht 

11.30 

14.10 

16.05 

1'1.25 

17.35 

1? .55 



:l:~Sf ?ro.o 3 

itver~ De~es Of St1perltlea t =: 100° 

Pl -= 114 .. 3 Ql ~ 1243 

p Pz Ql - Q2 Quality Velo<lity Volt.me Wei~bt 2 
Pi 

94.3 .825 18 75 (.l 950 ll. 2? 14 .•. 70 

69.:5 e782 4)-?. 
~"w 68(., 1075 5.4& 15.98 

84.3 .7~8 26 60{; 1175 5-.73 l.6.70 

74.3 .650 39 450 1390 6.32 17.9.5 

64.3 .563 51 26° 1600 1.03 18.58 

TP.JJT No . 4 

,\.Vernee !lettmea 0 ,,. .... SU~rltaat .::: 35-0 

P1 .• ll:4.3 fj~ - :,: 1209 
.l 

P2 P2 ~ - Q2 Q.ual1ty Veloelt,- Volume Weight 
P1 

97 1185 14 l o·0 S\'tjpe 837 4,.08 14.-6 

85 .144 25 1 0 sup. lllS 5~.17 1'1.-68 

ao ~700 30 .• 997 1224 5.44 18.35 

70 . 6!(:S 40 .9.88 1414 6 .• 13 16.84 

65 .• 5-69 46.5 c9-83 1524 o.53 19 •. 04 

62 .5~l 5-0e!,5 98 1588 &.81 19*06 



1'.h"S·T EO. 5 

Average negreos ot superheat ==- 196° F. 

:E\ :.:. 114.3 ~l .;;: 1291 

"'Ii) ?2 
t\ .. - () ~uality Velo:lity Volt1me Weight ""2 ~ --.. J. '••2 

l 

94zc3 .825 21 164 1030 5.90 3.56 

89CP3 s782 2:6 158 -1145 61\)06 3.86 

84r..3 .738 32 148 1~65 -5 ... 43 44102 

74 .• 3 .650 44 129 1480 7.07 4.27 

64,~~ .5S3 5? 108 l.-885 1 .• 19 4.41 

61-o 7 .54 63 100 1175 8.09 4 •. 48 

f.i"!;:;:sT NOe 6 

Average J.iet,'Te8-8 St-iJ?erheat ;:: 196° i?'\· .. 
?1 Ji: 104 •. 3 C.l = 1288 

P2 
P2 r: - Qz { 1.u:i tty Velooity Volume Weight -y:; "'; l 

l 
94.3 . 9.05 10 180 ,_,,as 6.01 2.46 

e-~ .. 3 -w.85? r, 1"10 $'Ai 6.2~ 3 .• 00 

M~3 .009 2i 162 1050 C>.55 3.27 

74.3 .1713 35 142 1330 7.19 3.77 

64.3 ~617 49 120 1565 s.02 3.97 

60.3 .518 54 113 1645 8. 44 3.98 

5~3.3 .540 02 100 1760 S.85 4 .• 06 



THERMOMETER STEM £ XPOSI.IR£ CORRECTIONS 
f(~ o. 000, 0680 {t- i'f 

f(= stem correction. t= thermometer reading 
t= room fempe;,orure. 0::degrees e.rposed to T' 

/00 200 300 400 600 
01f ref'ences between thermomete;, reuo'inq one/ room fen,p. 

s· /, . . 



Proor that Nax/mvm Weiq/Jt or Flow -Occurs when 

A= ( 2 )rf!-r 
·_R n+1 ·_ 

W = V A _ f4 !filh :: A lalh .e?n P,S,~- lfil'W] 
Sa s,lH/ s,(RJ n1 f'(R/) 

= c p,{/fiJ~- IB)°n11 s, [i-?7 (P, 

where C= Al((!fi?; 

:;/ c{i : f :?-@1 '½'JIYt!t (f1~-r11,;1.J1J 
Placing the expression egvol to zero ond simplilyin!J 

i(ff)z;p -Fnll = 0 

(Jl{2!f-J';,n -(nrj}=o 

as f 'J,)'h cannot be etJUO/ to zero 

.(Pa) ,-,,,n - n-1-1 
R - 2 

Raising rhis expression ro the(-l)powe, and 
solving ror .Ji.. the expression reduces f'o 

P, 

Pa=L2Jl'-, a..£.o. 
. R l n"1 
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