
























































































Test TUbe 
.No ,. Bundl 

ean Flow 
(lb. / min. ) (ft . ., / sec,) Di ameter 

(in. ) 

s team 
Pressure 
(pS1g. ) 

Run 1" ber For 
Surge Vol. ( ·CU. tt. ) 

c:-2 5 c. 

..... 

,. 

s t e d State Results 
0 

Water Te • ( F) 
ln Out 

96 
104 
100 
102 

110 
10? 
118 
ll.S 
1;30 
116 
.1)5 
112 
122 
108 
117 
102 
112 
98 

10? 
sa 

100 
108 
118 
144 
165 
ll? 
160 
113 
12, 
10? 
11.5 

104 
110 

) 9 



TABLE 9 (continues to p. 57) 
PULSED FLOW RUNS* DATA AND RESULTS 

Rn-U~N_S=-T~EAtl, PRESS, 0PSTREA~ W_ATER GAS UPSTREAM FRF.:<J, ----wo • PSTU. ~---'--50'R(;~--·TE}fp-;--FCCrw----oTSPL, C/M fN, 

4o 
OVE~ URAT!O DPV 

UPU ----o-pu 
PRESS, OUT SCFM INS, 

MAX MIN MAX MIN OEG,F, 

TEST NOt 1 

1 z.oo 2.oo 8.1 r,q ~~ 1,39 1,75 
2 2.~6 2.oo 8,2 7,8 98,0 2,23 3,00 
·3 2. 25 1· 75 9. 3 8. 7 98.0 3. 79 7 .oo 
4 2·25 ·1,75 1o,5 9,s 99,0 5,35 9,50 
5 2·~5 1.75 11.1 9,q 102.0 7,07 11.50 
6 2·25 1.75 12.9 11.1 103.0 9,05 12,00 

56,0 
56,0 
55,·o 
55,0 
56,0 
58,0 

820,6 
820,6 
82(),6 
849.7 
938,5 
968,6 

1 -z.oo 2,oo 7.6 1,4 98,o 1,39 1,15 45,o 82o,6 
8 _2.i5 1.75 8.2 7,8 98,0 2,23 4.75 4?,0 820,6 
9 2e25 1.75 8,8 a;2 98,0 3,79 ~.oo 40,0 826.~ 

10 2e25 1,75 10.1 8·9 98,0 5.~5 12.50 38,0 820,6 

·--usj 

I.ooo 
1.ooo 
1. ooo 
1.036 
1.144 
1.iao 

1.ooo 
l•QQO 
l.ooo 
1.ooo 
1,071 11 2·25 1.75 11.9 10,1 100,0 7,07 14,00 40,0 879t0 

·--------------~--------------- --~---------------------------

TEST NO, 2 

0•330 
Oe565 
1•295 
1e757 
2·165 
2·340 

Oe265 
Oe671 
1e076 
1·597 
le883 

12 1o.oo 1o.oo 8.1 7,9 104,0 1,39 2~75 
13 1o.oo 1o.oo 8,2 1.e 1o4.o 2,23 3.5o 
14 10,50 9.50 9,3 8.7 104.0 3,79 7.00 

56,0 eo3;1 1.ooo o•S18 

-r5----ro-;5 o--cr; 5-o-r o • s 9 • s r-o(,-;-o ·-s-• ...,..J,_..s--...,9 ..... , 5'""0,.... 
16 10,50 9,5o 11.1 9,9 108,0 1,01 1t.so 
11 lo,5o 9.5o 12.9 _11.1 11o.o 9,05 12,00 

. 

56,0 8o3.1 1.noo o.6s9 
s5,o 8o3.t 1.ooo 1.294 
55,0 853,7 1,063 1e757 
56,0 905,2 1.127 2·165 
.?8,0 957.4 1 .• J92 2·340 

te 1o.oo to.oo 7.6 7,4 104,o 1,39 1,15 45.o ao3.1 1.ooo o.265 
19 lo.5o 9.5o 8,2 1.e 104.o 2,23 4,75 42.o 8o3.1 1.ooo 0·671 

-zo 1 o. 5·o--9--;s--o-----,.a.-: ..... 8.--___,a=-.:.....,2 __ ;-1-:-o4~ • ..,.o--.... 3....:., ... 7""9,.---.e~ .... o.,o.------:4"o--.--;o~---8~o-3-.,..1--"Tl-.-=o-=o-..o,.--•t:--,--.o""7.,.6 
21 ~o.5o 9~5o 1o,o 9,o 1o4.o 5,35 12.so 3a,o 8o3.1 1.ooo 1•597 
2 2 J 0 • 50 9 • 50 11 ' 1 9 • q 1 0 7 • 0 1 • 0 1 14 • 0 0 4 0 ' 0 8 7 9 • 4 1. ,6 9 5 1 • 8 8 3 

----------~*~TE: TEST__NDS~~-~·-1~-~5~7=4 ____________________ __ 

Conditions in each test are given in Table 8 

-·-----------· 



41 
~-U .. ti__ ,·· _ __srr~M5L.EG~. ~::_s..s~· -""'c!u~~lB.~AM. __ WAIE.B __ ~~~-JJ-es:r5R~A.M.._E RE_Q,~. o v E RA.t...i..:_j).BA! I o o P v __ 
I .. a-;- r ilG .SvRG~ . TEMP, r LvW ..,I PL, C/M IN, UPU UPU 

PRESS, OUT -SCFM tNS, ••• 
MAX M LN to4AX ... M l'N DEG • f, __ ----·-···---- _____ _ ... _ lJST . ... _ 

TEST 'NOt 3 

23 
24 
25 
26 
27 
28 

2.25 1,75 s,o. s-;oro-o;o 1.20 2,5o so,o 
2ti5 1t75 5.5 s.o 100.0 1,92 4,50 50.0 
2. 2 5 1 • 7 5 6 • 5 5 • 5 1 0 2 • o. 3 • 2 4 7 • 50 5 Q. 0 

712·3 
712,3 
759.2 
806,9 
855,4 
904.8 

x.ooo 
1.ooo 
1.066 
1.133 
1.200 
1.270 

0·527+ 
0,943 
1•572 
2tl3A 
2e422 
2·554 

2,i5 1~75 1.0 6,6 104,0 4,82 16,oo 51,0 
2·~5 1.75 e,o 6.0 106,0 6,12 10,50 ss.o 
2•25 1,75 8,5 6,5 lOe,o 8,04 10,50 58,0 

--------~--------------------- ----~------------------------------------~--

•29 2e00 2t00 5.0 5e0 100,0 1,20 2,00 38,0 7i~,3 1.6cio ~319 
30 2.25 1,75 5,5 5.o 100,0 1,92 3,so 38,o 112,3 1.ooo o.111 
31 2e25 le75 6t0 5,0 101,0 3,24 8,00 36,0 735,6 1e033 lt20A 
32 2.25 1,75 6e5 5,5 102,0 4,82 12,00 36,0 759,2 1e066 le811 
33 2.~5 1.15 1.s s.~ 104,o 6,12 14,oo 36,o s66,9 1.133 2•113 
34 2-;2s.-----xr-,--7""s.----.8.-, .... o.----.6.-,_,o.,--,.ro6;o-a-;-o4!4.srr~a·s-s·-=-. 4r.--..xr-..... 2oo~•47·o-

TEST NOe 4 
···············--· 

35 10,50 9e50 5,0 5,0 102,0 1,20 -2,50 50,0 65le4 l.ooo o.524 
1.ono o.839 
1 • 0 6 2--,-.-6, 1' 
1.1A7 2•139 
1.251 2·380 
le284 2e554 

36 lo,so 9.5o 5,5 s.o 102,0 1~92 4,oo 50,0 651,4 
---:37-ro~S 0--9-;S'0.----6"',~5~-----'s, 5 1-04,o-3-;27t----s-;-o·o --..s.-..o"","'oc----'T'69"1 , 4 

38 lo,so 9,So 1.0 6•0 108,0 4,82 1o.oo 51,0 773,3 
-39 lo,so 9,so e,o 6.0 110,0 6,12 1o.so 54,0 eis.1 
40 ~o,so 9,so 8,5 6.5 111,0 8,04 1o.so 58,0 836,3 

41 lo.6o 10.00 5,0 5,0 102,0 
~2 1 o, 2s---97t=5---=s-.-=s----s-, o 1 o 2. o 

43 lo,so 9,so 6.0 s.o 10J,o 
44 1o,so 9,so 6,5 5,5 1o6.o 
45.10,50 9e50 7~5 5,5 107e0 
46 lo,so 9.5o 8,o 6,o 110,0 

1,20 
1,92 
3,24 
4,82 
6,12 
8,04 

2,oo 38,o 6si,4 1.ooo 
3-;-r~o~--6~sl.~l.ooo 
a,so 36,0 671.3 1,031 

12,00 36,0 732.0 1.124 
14,50 36,0 752,6 lelSS 
15,50 37,0 8l5,1 1.251 

0.319 
c.s-c.nr 
le283 
1e8ll 
2·189 
2t405 



42 
RUN STEAM PRESS. UPSTREAw ~JATER GAS lJ P S T ~ E A '~ FPECl. OVFRdlt IJH,~TIO DPV 

f' NO. PSIG. SCIR(;E . TEMP. FLOw DISPL. C/1'11N. UPU lJPU 
PRESS. OUT SCFM INS •. ---

. MAX .... .. J., J .f\J _ _ ... MA~ ........... :.1 ~- ·-······QE:G ... E:., .. . ... ... ··-····· ·-·---····--·~--······-······--· ... IJS i ...... 
TEST NO, 5 

47 2·10 I.9o 2.5 1.5. 104.0 1.20 4.25 48.0 607.5 r.~oo 1·000 
48 2.1o 1.90 4,5 2.5 106.0 1.92 5.00 48.0 644.1 1.1'60 1·337 
49 2•iO .. 1.90 s.o 3.0 llO.O 3,24 7.75 so.o 719.2 1-1~4 2.158 
so 2·10 1.9() s.o ····3-~a·· 115.0 4~82 7.7s·· 56.0 · aT7~o ·········r~14s 2•629 
51 2•t0 1.9o 5.5 3.5 115.0 6.12 e.oo 59,0 817.0 1.~45 2•629 
52 2•10 1.90 6.0 4.0 llR.O A,04 8.75 61.0 87A,l 1. 1145 2·972 

53 2·10 1.90 3.2 2.e 104.0 1.20 3.50 34.0 607.5 l.noo 0•663 
54 .? ... io 1.90 3.2 2.8 104.0 1.92 5,75 33.0 607.5 1.ino 1·057 
55 2·10 1.90 4.0 3·0 108.0 3.24 . fo··~so········· 32,.0 . ... 681 ~3 1.1:?1 1·871 
56 2•10 1.90 4.0 3.0 111.0 4.82 12.50 34.0 738.4 1.;:"}5 2·367 
57 2.1o 1.90 4.5 3.5 113.0 6.12 13.50 35.0 777.3 1.?A0 2·631 
58 2·20 1.80 s.o lt. 0 114.0 8,04 14.50 37.,0 797.1 1.312 2e9He 

59 2.io 1.90 3.1 2.<; 104.0 1.' 20 2.50 30.,0 607.5 1.;oo Oe4l8 
60 2·10 f.9o . 3~1 2·9 ·ro4··.cf·w f~9i . 4~so' 30. 667~5 f~;~ oo 0.752 
61 2•20 leBO 3.1 2.9 lOr,.O 3.24 .9. 75 28.0 644.1 1. MiO 1·520 
62 2·20 leAO 3.7 3.3 Ios.o 4,82 12.50 28.0 681.3 lei21 1•949 
63 2•20 l.Bo 3.8 3.2 110.0 6 • 12-rs-;oo 29.0 7}9.2 1 • 1 A 4-----"Z";<+-:zc 
64 2•20 1·80 4.3 3.7 111·0 8.04 14.00 31.0 738.4 1·215 2•417 

lESt f\io. 6 

65 1o.io 9.90 3.0 2.0 110.0 1.20 3.75 48,.0 613.7 l.~oo 1·002 
66 10•10 9.9o 4.5 2·5 112.0 1. 92 5.50 48.0 645. I 1.,~52 1• 4 70 
67 lO•lO 9.90 s.o J.o 117.0 3.24 7.50 5o.o 728.0 le186 2 • OFHh 
68 lO•lO 9.90 s.5 3.5 120.0 4.82 7.50 56 .. 0 779.0 le2n9 2·339 
69 lO~l 0 9.96 6.0 4.0 .1?.2~0"· 6~12 e;oo·· 6o:o '81 ·r~ ., .... ,1·; 3 2£J······· 2·673 
70 10·10 9.9o 6.0 4.0 123.0 8 • Ott s.so 62.1) 831.3 1.~54 2·935 

-,1 Io.i'o 9.9(1 3.-d 2·9 rro.o 1.21) 3.25 34.0 613. 7 l.0Q0 Qe6l!) 
72 lo.1o 9.9o 3.2 2.R 112.0 1.92 6.00 34.0 6lt5.7 len52 l•13A 
73 10·20 9.80 4.0 3.0 114.0 3.24 10.00 33.0 67R,3 l.J05 1•':338 
74 'f(). ~0 .. 9~86 4.5 3:5 fr::;·.···,r·····4~82 12.50 34·:o ...... 728. 0 T;1 R6 2~367 

75 10•20 9.80 4.5 3·5 llq.O 6.12 14.00 3A.O 7(.,1.9 1.~41 ;?.Hn7 
76 10.~0 9.eo s.o 4e0 12n.o 8.04 14.00 37.0 779.0 1.~F,9 2•885 

77 10.10 9.90 2.9 2.8 110.0 1.20 2.50 3o.o 613.7 1.000 0•'+18 
78 lO•tO 9.9Q 2·9 .~ !.fl llry.o 1.92 4.50 2q.o 613.7 1., no 0.727 
79 10•30 9.7() 3·2 2·8· 112.0 .3 ~ 24 . 9.00 28.0 645.7 1~:·52 1•'+03 
80 10.30 9.70 3.7 3.3 115.0 4.82 12.00 2 e~. 0 6•)4. 7 1.132 1.en 
81 10.30 9.70 3.7 '3·3 11(.,.0 6.12 14.50 29.0 711.3 1. 1 c;g 2eJLI2 
82 10.50 9.7o 4.H '+. 2 118.0 8.0<+ lS.OO 31.0 744.9 1.?14 2e5'-JU 



43 
RUN SIEAM PRE;SS 1 UPSiq~="!\tv W,6 TER G{IS IJPSTREt\M FRfQ, QVERAl~l Uf~I\IIO OPV 

""1\fo. PSIG. SUR,jt. ·TEMP. FL0vJ OISPL. C/tvllN, UPU uou 
PRESS. OUT SCFM INS. ---

MA~ MIN . ~A.lL_ . __ r~_IN -···- .. DEG.F •. U'ST 
.-~.Yo~--~-.--~~--~- "'"·• ~-X•'• '--~ ____ , ---~----,·~---~~-"'"" ---~y,,_.. ....... ow.-·-·--·---·~····-·- ~•--•~---·-- --~-~----~------~~----~--~ 

TEST NO• 7 

83 2-10 I.9o · 2. I 1.9 -llo.o 1.20 3.75 4. 7 Sio.I I.r.AO 1·461 
84 2.10 1,90 2.5 1.<; 113,0 1,92 4,50 so.o 549,2 1. 163 1·865 
8,5 2•i9 .. 1.90 ?..9 ~!1 ... Jl~.o 3,24 4,75 58.0 5A9,4 1.?.49 2•284 
86 2·10 ···········---T~ 9() .. 3.0 2·2 117' 0 •··4.82 4', 75 62~'6'' 663.1 le?77 2•'+'d 
87 2·t0 1. 90 3.4 2.4 1 v~. o 6,12 5,75 63-0 616,9 1-~07 3.003 
88 2·t0. 1.90 4.0 2.8 121.0 8.04 6,50 64,0 659.1 1.:196 3e44R 

89 2·10 1.90 2. 1 leCJ lOA.O 1,20 4,75 32.0 484.7 1·"27 1·260 
90 2.20 1. 80 2.4 2.o 112.0 1,92 7,25 3?.0 536,0 1.1-15 1·923 
91 2·20 1 ;ao ?..6 2.2 117.0 3,24 q,()b 35.0 603.1 1.277 2•hll 
92 2·20 1.80 2.8 2,;: 121.0 4,82 lo.25 37.0 659.1 1,1q6 3 ·143 
93 2•20 le80 3.0 2.4 122.0 6.12 1o.so 39.0 673.5 1 e /~ 2 7 3.3g4 
94 2·20 r.ao 3.3 2.7 124.0 ~.04 11.00 41.0 I 02 • I I • I~ 8 g J.73d 

95 2·10 1.90 2.1 1·q 107.0 1.20 3.75 28.0 472·1 1.noo 0•871 
96 2·?0 1.8o 2~2 ····· 2.0 T69.b 1,92 .... 7~0()··.······· 27.0 497~3 ·l.ns:3 f.567 
97 2·?.0 1.80 2.6 ?.2 115,0 3,24 1-0.25 29.0 575,9 1.?20 2·464 
98 2·20 1.80 2.7 2.3 117.0 4.82 11.50 3o.o 603.1 1·?17 2•AE>O 
99 2.20 1.80 2.9 2.3 118.0 6.12 12.00 31.0 616.9 1.1o1 3e0t33 

100 2e20 1.80 3. 1 2.5 119.0 a.o4 12.50 32.0 630,8 1.136 3·315 

TEST NO. 8 
,, ~----,--~----"-~~---------·--h-· h~-------·-··--------------h• 

161 1o.1o 9.90 2.3 t.c; 121.0 1.20 3.50 47.0 558,6 1.ri,6 J,461 

l0210•l0 9.90 2.6 2.o 123.0 1.92 6.25 so.o 5A2.1 I • l 1l I • 16 .l 
103 10•l0 9e90 2.9 2·1 127.0 3,24 9.75 58.0 630.3 le?03 2·163 
104 lo.io 9.9o 3d 2·3 128.0 4.82 11.50 A2.0 64?..7 1·?.26 2·313 
1os lo.io 

,., .. ,-c, 

9~90 3~4 ··~·····2 .6 6.12 12.00 ·65s.r· '1.?.50 2·872 12q.O 63.0 
106 lo.io 9.90 4.0 2.8 133.0 8.04 13.00 65.0 706,0 1.~47 3.23] 

--t-Q7 lo.;-o g,qo 2.2 ?..0 I?.o.o 1,20 4.50 32 • II 547.fJ l • "12~ •• 1 • t y 'l 

108 10·10 9.90 2·4 2.0 1?.2.0 1.92 6.75 32.0 570.3 l • ~- R'"' le790 
lo9 lo.;?o 9e80 2. tl 2·2 127.0 3.24 8.75 34.0 630.3 1.?n3 2·466 
110 lo.?. o ' ·.V• ~·-

9.80 ·-3~o ..... 2,:;; 
l2C!~6 4.82 iii~bd 37.0 · 655~·r· f,?t;O 3. 06 ., 

111 10·20 9.80 3.1 2.5 131.0 6.12 10.25 Jq.o 6.qo. 3 1.?91-1 3·311 
112 10.?0 9,80 3.3 ~.7 132.0 A.04 11.00 41.0 693.1 le'123 3.73R 

113 1o.1o 9.90 2.1 1.~ 119.0 1,20 3.75 2B,O 535.5 1. i) 66 0 .a1?. 
114 10·20 9eHO r.'.l 1.<; 12o.o 1.92 4.25 2t-.ll 547.0 l • l 11 1•"+50 
115 10•20 9,80 ?.4 c:.o 124.0 ·3 .24 4,50 29.(\ 594,0 l.;)oJ 2.:1'•4 
116 10•20 Y.HO ?. • tj 2·2 12f,.l) 4.d2 4.50 3u.D 618.1 1.,'?6 2eb6\l 

117 lo.?o 9.80 2.9 ?..3 12Q,Q 6.12 5.50 3?.0 642.7 1.;;-c;o 3.1 H3 
tlH 10•?0 9.80 3. l 2.5 ·131.0 -H;o4 6.00 33.0 680.3 ~i·I~ .. A--T;ss;; 



44 
RUN SIEAM PRESS. UPSTREArJ WATER GAS UPSTREAM FPFQ. OVFRALI UR"!IO DPV 
NO. PSIG. SURGE . TEMP. FLOW DISPLe C/tvliN. UPU UPU 

PRESS,. OUT SCFM INS. ---
MAX .... MIN._ ... M.A)~ .. ~ ... J::tl N ... . ........ PEG • 

TEST NO. 9 

119 2•10 le90 }.4 I.o. 117.0 1.20 4.25 33 .. 0 455.4 1.~47 }.562 
120 2·10 1.90 1.6 1·2 llB.O 1.92 4.75 36.0 465.7 1.n70 1·905 
121 ?•10 1.90 .. 1•! ..... 1.3 123.0 3.24 s.so 40.0 518.6 1.192 2·450 

''122' 2·10 1.96 },8 1'~4 128.0 4.82 6,.00 43.0 574.4 1.120 2·874 
123 2·10 1.90 },.9 l. 5 12q.O 6,.12 7.00 43.0 586.0 1el47 3·352 
124 2·10 1.90 2. 1 1.7 131.0 8,.04 8.00 43.0 609.4 1.~00 3·8.11 

125 2·10 le90 }.2 1·0 117.0 1.20 4.75 28.0 455.4 1.~47 le4Rl 
126 2·10 1.90 .t.5. l•J .12}.0 1,.92. 6.25 29.0 4Q7.1 1.142 ?.·019 
127 2·!0 1. 90 1.6 1.2 124.0 3.24 ·7.zs· 32,.0 529~5 1.217 2•5rst,. 
128 2·10 1.90 1.7 1.3 128.0 4.82 8.25 33.0 571+,4 1.120 3·032 
129 2·l0 1.90 }.8 1 • '+ I3o.o 6.12 9,00 34.0 597.6 1.~73 3.408 

130 2•10 1.9o 2.0 1 .F; 132.0 s.o4 9.25 36.0 621.4 l.l~o28 3•709 

TEST NO. 10 

131 10-10 t'.9o 2.4 2.o 133.0 1.20 .4. 00 34.0 531.2 l.A57 1·515 
132 lo.io 1.90 2.7 2.3 13A.O 1.92 4.50 37.0 560.6 l.i1S 1·854 
133 10 e1 0 1.9o 2.g 2 ~ .... 139.0 3.24 s.so 38.0 590.8 l.l75 2 .32"8 
134 lo.io 1.90 3.0 2.6 141.0 4.82 5.25 42.0 611.4 1.216 2·456 
135 lo.\o 1.90 3.1 ?.7 14~·.0. 6.12 6.25 44.0 632.5 1.?58 3·063 
136 lo. i () 1.9() 3.'2 2.8 145.0 a.o4 ···7~25 44···~··o··· .... 654~()'' r~·3of 3.553 

137 10·10 le90 2.2 2·0 133.0 1.20 4.00 28.0 531·2 1.ns1 t.247 
138 10·10 1.90 2.5 2·1 136.0 1.92 s.uo 2(,).0 560.6 I. 1 15 1·62() 
139 lo.io 1.90 2.7 2.3 140.0 3.24 6.25 32.0 601.0 1.196 2·228 
140 lo.io 1.90 2.R 2.4 143.0 4.82 7.50 33.0 632.5 1.;::>58 2·757 
141 lo.'io 1·.90 2.8 2~4 144~0 6~12 a.oo ·34:·o· ~··643~2 ·····r~ :?8 o 3.029 
142 lo.}o 1.9o 3.0 2.6 147.0 8.04 a.oo 36.0 676.0 1.~45 3·208 



45 
RUN STEM~ PRESS. UPSTPEAt-~ WATER GAS UPSH~EAt-1 FPF.Q. OVFPALl~ URr.TIO Df'V ,. No. PSIG. SOR·3t:: ·TEMP. FLOW DISP[. C/i·,IN. UPU UPU 

PRESS. OUT SCFM INS. -.. -
MAX ~HN . ·-- -· -~~A X tiN OEG.F • ~st 

~-----~'--------~--"- -----~ <·---~--~--- --~------ -- -~---------~-- •·-·----- ._.. ~" ,_ -~'"_, _____ ,p, -"·~•··v • '"'"'- - v --~--- • 

TEST NO. 11 

143 2.50 r.5o 3.0 2.0 ·120.0 1.20 6.25 5b.O 459.4 ler18f 1•468 
144 2,60 1.40 3.4 2.0 122.0 1.92 8.00 5R.O 478.3 1. J31 1·94(, 
14.5 2.60 1.40 3.8 ~.?. 124.0 3.24 9.50 62.0 497.5 1.177 2·470 
.146 2.60 1.40 4.3 2.5 127.0 4.82 16.25 65·~··o 527~2 1.?47 2· 794 
147 2.60 1.40 4eC"l 2.1 130,0 6.12 13.50 65.0 557.8 1. •:q 9 3·407 
148 2.60 1.40 5.2 2.4 133.0 8.04 14.25 66.0 589.5 l.l94 3·944 

149 2.70 1e30 2.7 2·1 119.0 1.20 8,75 38.0 450.2 1. ;:..r:,s 1·394 
150 3.no 1.00 2.9 2.1 121.0 1,92 13.?.5 3R.O 468.8 1.109 2.111 
151 3.()() 1.00 3.2 ·······2.o 1?.6.0 3~24 i7.s0 ····.··39~o si·7··~·2· ·r~223 2·862 
152 3·00 1.oo 3.5 2·1 130.0 4.82 20.25 41.0 557.8 lell9 3 • 4 F3l 
153 3.oo 1.oo 3.B 2·2 132.0 6.12 22.00 42.0 578.8 la.16'1 3ef.i74 
154 3•00 1.oo 4.2 ?·2 1.34.0 8,04 24.50 43.0 6Q0.3 1.420 4e417 

155 2.70 1.30 2.2 2·0 llg .o 1.20 7.75 32.0 450.2 l.n64 le040 
156 3·10 o.9o 1.92 

.. 
4£,8.8 1·946 2..4 2.0 121.0 l'h50 32..0 1e10q 

157 3e40 Oa60 2.8 I.e 125.0 3.24 l9. 00 32.0 507.3 1.?60 2·549 
158 3.40 0·60 3.0 2·0 130.0 4.82 24.00 33.0 557.8 1 • -~ 1 9 3·321 
159 3.4o o.6o 3.1 2.1 132.0 6.12 26.50 33.0 578.8 l.':l69 3·667 
160 3,40 o.6o 3.3 2.1 133.0 6.04 28.75 34,0 589.5 1.:)94 4.099 

TE~T 1'\0~ 12 

161 10a20 9.8Q 3.0 2.0 137.0 1.20 6.00 55.0 530.3 1. ;\ 34 le384 
162 Io.5o Y.So 3.2 2.2 }3q.O 1.92 8.00 5g.o 548.3 I.n69 1·946 
163 1o.so 9.50 3.7 2.3 142.0 3.24 A.OO 62.0 575.8 lal23 2·0RO 
164 lo.so 9.50 4.1 2.5 146.0 4.82 10.50 65.0 613.9 1.1CJ7 2.R1-12 
165 lo.so 9.50 4.8 14A.O 

-"-

6.12 12~50 65.0 '633.6 1~236 3.407 ~.4 
166 1o.so 9.50 5.0 ::>.2 150.0 R.04 14,00 67.0 651.7 1.~75 3.933 

167 to.so 9.50 2.4 2.0 f3Q.O 1.20 7.oo 3 7. 0 539.3 I.ne;2 leiJt:\6 
168 11.rio 9.00 2.8 2.2 l3q,O 1.92 12,00 37.0 548.3 1."~t.9 le862 
169 11.oo <.J.oo 3.2 2.0 144.0 3.24 17.00 39.0 594.7 l.}f;O 2e7d0 
170 11.20 ~.so 3.5 2. 1 14~.0 4,A2 2o.oo 40. () 633.6 1.?36 3.3~4 

171 11.?0 8.Ho 3.A. 2.2 150.0 6.12 22.00 41.0 653.7 1.?75 3.1n2 
172 11· 2o A.ao 4.0 2.?. l'i3.0 ~.04 23,75 42.0 6R4.7 1 • "135 4elR3 

173 lo.so 9.50 2.4 2.0 137.0 1.20 7.25 33,0 530.3 1.n34 'la003 
174 11.iio q.oo 2.':1 ?.1 l3:l,O 1.92 12.00 33.0 539.3 1.1'12 l·b60 
175 11.50 H.so ?.H 2.0 141.0 3.24 19.75 33.0 566.6 1.105 ?.·733 
176 11.60 be40 3.1 2·1 144.0 4,82 24,00 33.0 594.7 1. 1_ h 0 3·321 
177 11.70 fl.31) 3.3 1'.3 14Q,O 6.12 2h.50 34.0 633.0 1.?36 .).778 

--r-1811.70 !::i.30 3.6 2.4 l~o.o i3.04 28.75 3':l.O 653.7 1.?75 4eclY 



46 
RUN STEAM PRESS, UPSTREArt · ~~~~-~C-ft-5w~-ti-i·!~e~-4~A¥N-;--0 v_o-~e t:i. URAitO DE.Y__ 

~No-. ----psx·G·;·--· SURGE UPU 
PRESS, our SCFM INS, ·--MAX MIN MAX ____ }1IN DEG,F, ... _usr ... 

TEST NO, 13 

17~~-o~-.-~.-u--cf;o~. o · 11~;1) 1.20 7.00 ss-.5 4Q8.I I.i)46 1• 3u-o 
180 2~90 1.10 4.8 ~.e 116.0 1,92 10,50 56,5 520,3 1.092 1e995 
181 2,90 1.10 5.6 2.e 120.0 3.24 13,50 59,5 565,9 1elA8 2•701 
182 3eQ0 1.oo s,9 3,0 124.0 4,82 15,00 62,0 613,4 1e2A8 3 •127 
183 3·00 1.00 6,8 3·2 12i,.o 6.12 16,00 64.0 637,9 1.339 3e443 
184 3e00 1.00 7.6 3.2 128.0 8,04 17,00 66,0 662.9 1e392 3•773 

185 3•00 1e00 3.5 2.c; 112.0 1,20 8,oo 38,5 476,4 1.ooo le036 
186 3·20 1.80 3.8 2.9 114.0 1,92 13,25 38,5 498,1 1.046 le715 
187 3·30 o.7o 4.2 z.e 119,0 3,24 19,75 38,0 554,3 1ei64 2•523 
188 3.4o Oe60 4.8 2e8 124,0 4.82 24,75 38,5 613.4 1e288 3e204 
189 3,40 Ot60 5.2 3·0 126.0 6,12 27.50 39.5 637,9 1.339 3·652 

---r-903--;-'+o--o-;e, o 5. 5~-;-r-T2 e. o 8. 0 4--29.75 40,5 663.0 1.392 4e051 

191 2.80 1e20 3.2 2.e 112.0 1.20 6,50 33,0 476,4 1.noo Oe832 
192 3.1o 0.90 3.3 2.9 113,0 1,92 11,25 32,5 484,2 1e023 le229 
193 3,50 Ot50 3,6 2,e 117.0 3.24 18.75 33.0 531,5 1 el i6 2•080 
194 3,70 o.3o 4.2 _2 .e 122.0 4,82 26,25 32,0 589.4 1.237 2e824 

-r9s 3:-To 0,30 4,4 3,0 124.0 6,12 29,50 32,5 6}3,4 1.28A 3·224 
196 3,70 0.30 4.8 3,2 126.0 8,04 32,50 33,5 637,5 1.339 3e604 

TEST NO• 14 

197 lo,5o c;.so 3.9 2.9 125,0 1,20 6.50 56,0 529.5 l.os9 1·224 
-ycra1 o • 5o --9-;-s o 4.4 2·6 127.0 1.92 10.25 57,0 549.5 1.099 1•964 

199 11.oo c;,oo 5.1 2•c; 132.0 3,24 13,25 59,5 601.1 1.2n2 2•651 
__ 29o 11~oo 9,oo 5.9 ~.s 135,0 4.82 14,00 63.0 633.2 1.266 2t966 

2Cl l1eQO 9,oo 6,6 ,.o l38,o 6,12 15,00 64,5 666,3 1.332 3.362 
202 11·00 9eOO 7.2 3,0 143,0 8,04 17.00 65,0 723.6 l.t.47 3e715 

---z-o·J"--ri•o-o~-.-o-o--~. 4 3.0 124,0 1.2·o- 1 .so 3~.0 5i9.7 x.n39 Oe984 
204 11,50 a.5o 4.0 2.8 125,0 1.92 12.25 38,5 529.5 l.ns9 le586 
205 12.oo a.oo 4,7 2eB 130,0 3,24 19,25 38,5 5A0,2 1-160 2e492 
206 12.QO e.oo 4,7 2·7 134,0 4,82 24,75 39.0 622.4 1.244 3.246 
267 12.00 8.oo 5.1 2.c; 13a,o 6.12 26,75 40.0 666,3 1.332 3e598 
208 12.00 e,oo 5,2 1.0 141.0 a.o4 29,00 41.0 700,3 1.400 3.998 -
209 11·00 9.oo 2.7 2·5 122.0 1.20 7.50 32.0 5oo.2 l.ooo 0•807 
210 11.20 8.so 3,0 i'e6 124,0 1,92 13,00 32.0 519.7 1.039 lt399 
211 12e00 s.oo 3.3 2.7 127.0 3,24 19.75 32.0 549.5 1.699 2·125 
212 12,50 7.5o 3,6 2,8 132,0 4.82 27,00 31,5 601.1 1.2,;2 2e860 
213 12,50 7.50 4.4 3.0 134.0 6,12 3o.oo 32.5 622.4 1.244 3.278 

--2·f4·n~-:-s o---7 ·;·so ___ -·-s-;-o·---J~6--137 • o a;· tY4-:r2-;o o--3 4 • o 655,2 1.310 3,658-



RUN UPSTREAM FR~ALj. 
_47 

STEAM PRESS, UPSTREA~ WATER GAS URAIIO Df_y_ ..---,;ro-. -pSJG--, SOH G E . -:I e:-fW-;-f.L 0 W [j I Sp'[-;-c-7 , UPU UPU 
PRESS, OUT SCFM INS, ....... 

MAX MIN MAX !"'J ~-- . DEG,f, . ···--·--·-··--·--lJST . ... --~--
__ , _,_. ••0- ~--··--~---~- _________ ,., ·--·· 

TEST NO• 15 

--z-rs--z-;6 0 1 , tro--s. 1 3~-nr9.o 1,20 7,00 57.0 515,6 I.o25 l• I"ZQ 
216 2,90 1.1o 5.8 3.8 112.0 1,92 10,25 57.0 553,8 1.io1 1·640 
217 3•0Q 1.oo 7.2 3,8 116.0 3,24 15.50 58,0 660.3 1.205 2·523 
21'8 3.oo 1.oo 8.o 3.7 119.0 4.82 17,75 60.5 647,1 1.286 3·014 
219 2,90 1.1o 8.6 .4. 0 120,0 6,12 17.50 62,5 6(>0,9 1.314 3·070 
220 2,90 1.1o 9.4 4,0 121.0 8,04 19,00 64,0 674.9 1.341 3e413 -
221 2,90 1.1o 4.8 4.4 108.0 1.20 6,50 40.0 503.2 1.ooo 0•730 
222 3. i 0 0.9o 5.2 4.4 11o.o 1,92 11.00 39.5 528.2 1.oso 1·219 

3,6o 19.oo 
. "~ 

i.i26 2~·oso 223 0•40 5,e 4.2 113.0 3,24 39,0 566,7 
224 3,7() o.3o 6.4 4,2 117,0 4,82 24,50 39.5 619.7 1.232 2·716 
225 3,80 o.2o 6.8 4.4 122,0 6.12 28,00 40,0 689.1 1.370 3.143 
-zzo-J-;s-o--CJ;2o~C23. o 8.04 31,50 40,0 703.4 1.398 3·536 

227 2,90 1e10 4.8 4.4 108.0 1.20 6.00 34,5 5o3,2 1.ooo Oe581 
228 3·io Qe90 4,9 4.5 108,0 1,92 9,50 34,5 503,2 1.ooo ·o,919 
229 3,90 Qe10 5.2 4,6 11o.o 3,24 l7,75 33,5 528,2 l.o5o le669 
230 3,90 o.1o 5.6 4,4 113,0 4,82 24.50 33,0 566,7 1.126 2e290 

-nl~-;90 0•10 6.0 4,4 116.0 6,12 29,00 33,0 606,3 1.205 2•686 

TEST NO• 16 

232 lo,8o 9.20 5.2 4.0 118.0 1,20 7.50 57,5 538.7 1.o21 1·049 
233 1lel0 8,90 5,9 4,8 121,0 1,92 11,25 5a.o 572.7 1,086 1·831 

---z:r4-,r;-~-0----a·. 1 o 7.1 3,c; f26,0 3,2415.00 58,5 631,4 1.197 2t463 
235 11·~9 8,70 8,o 4,0 131,0 4,82 17.75 59,5 692.7 1.313 2·964 
236 11.30 8.7o 8,8 4,8 133,0 6,12 18,25 64,0 717.9 1.361 3e279 
237 11·30 8.7o 9,5 4,s 136,0 8,04 2o.oo 65,0 756,8 1.434 3.648 

238 lt.io 8,9o 4,8 4.2 117.0 1,20 6,75 40.0 527,6 1.ooo o.7sa 
-n 9-Tl--;s-o---g-;s-o - -s-;-o 4.2 1-fs.o r;9-2--r2~2s--3 9. 5 538,7 I.o21 lt358 

240 12,jo 7.90 s.8 4.2 122.0 3,24 18,75 39,5 584.3 lelOB 2•078 
241 12.20 7.8Q 6,2 4,1 127.o 4,82 25,00 39,0 643,4 1e220 2·736 
242 12~20 1.eo 6.9 4,3 131,0 6,12 28.25 39,5 692,6 1.313 3·132 
243 12·20 1.ao 7.2 4.4 133.0 8.04 32.00 40.0 717.9 1.361 3t592 

-v.4--ll-;-n-o---q;o1J---.-;o----4;4-'IT7-;-o-I·-;zo---s-;7s-----:r4-;'S'---scT;15 1 • tflrO---o.-s-57 
245 11.50 a.so 4,8 4.4 11s.o 1.92 1o.oo 34,0 538.7 le021 o,954 
246 12,t0 7.9o 5.1 4.3 120,0 3,24 17,50 33,0 561.3 1.n64 1·621 
247 12.30 1.1o 5,4 4e4 123,0 4,82 24,00 32,5 595,9 1.}30 2·189 
248 12.50 7.5o 6,0 4,6 127.0 6,12 28,75 33,0 643,4 1.220 2t663 



48 
RUN SI.E.AM PRESS, UPSTREA~ WAlEB_GAa UPS TB_E_Al:LE._R_E!h___o_y ERA Lt . !.!RAIIQ DPV 
NO, PSTG, SURG .TEMP, FL W DISPL, C/MIN, UPU UPU 

PRESS, OUT SCFM INS, ·--
"----··~~ .... J•1A ~- . . .. t1 IN . MA)( ..... _.t1~.t't ...... ,DEG.F, .. . .. ............ :........ .... ................. . ...... . ........ -...... - .. JJ s i: ........... : ....... 

TEST NO• 17 

""Cif9 2,70 1-.30 6.8 . s.e . llrr.lJ I,2U s.so 59.0 481.7 I.ooo 0• 781 
250 2,90 1.1o 7.4 ~.6 104,0 1,92 9,00 59.0 509.4 I.o5e 1•279 
251 3.io oe90 a.e ~. ?.. 1oe.o 3,24 14.25 59,0 566,2 1.176 2•025 

""' 25.2 9,9 3ezo o•80 s.1 112,0 4,82 18,00 60,0 625,2 le298 2•601 
253 3·~0 o•BO 10,8 !?·2 114.0 6,12 2o,5o 61,5 655,5 1.361 3·036 
254 3•20 o.ao 11.9 5.5 115,0 8,04 21.00 63,5 670,9 1.393 3•211 

255 2,70 le30 6.3 5.9 102.0 1.20 5.75 42.0 481.7 1.ooo 0•582 
256 3·io 0•90 6.9 5,c; 102,0 1.92 9,50 41,5 . 481.7 t.§oo Oe949 

"""'' 

257 3,50 Oe50 7.5 5.9 1os.o 3,24 17,00 40.5 523.4 1e087 1•658 
258 3,80 0·20 a.o 6.0 108,0 4,82 23,25 40,0 5~6.2 le176 2·240 
259 3,90 o.1o 8,8 6,0 111.0 6,12 28,00 40,0 610,2 1.267 2t697 
260 3,cro OelO 9,0 6.0 111.0 8.04 29,50 40,5 610.2 1.267 2a877 

261 2,70 1e30 6.2 5.e 102.0 1.20 4.75 35.5 481,7 1.6oo Oe406 
262 

... , 

3•t0 Oe90 
.. 

6.2 102.0 1.92 35,5 481.7 1.ooo 0·769 5,8 9,00 
263 3.80 0•20 6,8 5,e 103,0 3.24 1-5.75 34,5 495,5 I.o29 1•310 
264 4.oo o.oo 7·1 5,9 105,o 4,82 23,00 34,0 523.4 1.087 le883 
265 4.oo--o.oo 7.6 s.e 106,0 6,12 28,00 33,5 537,5 lell6 2e259 

TEST NOt 18 
••.. ,. "~"'"'-" .-~ '· v•• -··• 

266 Io,8o 9e20 6.8 s.e 112.0 1,20 5,50 59,0 551.4 1.ooo 0• 781 
267 11.20 a.8o 7.3 5,7 114.0 1.92 ·a,75 59,0 576,5 1·046 lt243 

-z·6a 11 • 1 o----a-;-3 o 8,8 5,2 1t7.o 3";"24 14.50 59,0 614.8 le115 2•060 
269 11,70 8e30 e,8 5,4 122.0 4.82 18,25 60,0 680,9 la235 2•637 
270 11,70 8.30 10.9 s.s 125.0 6,12 2o.so 61.0 721.9 1.309 3e011 
271 11,70 8e30 11~8 ... s.e 128,0 8,04 22,00 63,0 763.9 le385. 3.334 

272 11•00 9.00 6.2 6.0 112,0 1,20 5.00 42,0 551.4 1.noo o.So6 
c"13 11,50 a.so 6.6 5.8 -112.0 1,92 8,75 41,0 S51.4 1.noo Oe864 

274 12.ao s.oo 7.2 5,e 113.0 3,24 16,00 40,5 563,9 1.023 1e561 
275 12_,50 7.5o 7,9 5.9 11s.o 4,82 2'2,25 40,0 sa9.c 1.669 2.143 

'276 12,80 7.20 a.9 ..... ,5 ~9 120.0 6.12 27.75 
.. 40,5 .. 654~1 1ei'A6 ?.e706 

277 12,50 7.5o 9.2 6.0 122.0 8.04 30,00 40,5 680.9 1.235 2•926 

278 11•00 9-.-cro--m 5.9 1T2.0 1,20 4.50 -"30. 0 ssi,4 x.noo ()e 390 
279 11,50 a.5o 6.2 5,e 112.0 1,92 7,75 35,5 . 551.4 l.ono 0.663 
280 ~2.no a.oo 6.8 6,0 113,0 3,24 14,75 34,5 563.9 1.623 1·225 
281 12,50 7.5o 7.1 5.9- 114.0 .4,82 21,00 34,5 576,5 le046 1e745 
282 1J,oo 1.oo 7.6 6,0 117.0 6,12 27,50 35,5 614,8 1ell5 2·219 



49 
-{g.-'~--s=-T,_,E_~~1~~Ess __ .__u~~-~A~-. ~t~~~ ~e-5-wv-b-r-~*-~ti_e~~~'i-TNT-.--"'a-'-v-!'":0~frl' uB~=-"t ..... /.....,o,.___,o'-'-PJL_ 

PRESS, OUT SCFM INS, 
MAX MIN MAX MiN OEG,F, 

TEST NOe 19 

-za3 
284 
28.5 
286 
287 

2-;s-0 
3.no 
3.•20 
3.zo 
3t20 

le50 
1.oo 
o.ao 
o,8o 
o.8o 

8,2 ' 
9.0 

10,2 
1i.4 
12.6 

7.4 
-,.2 
7.2 
7,o 
7.0 

9'8;0 
99,0 

100,0 
102,0 
104.0 

1 '20 
1,92 
3,24 
4,82 
6·. 12 

4,50 
7,50 

13,00 
17,25 
2o,75 

-c8a --z-;-a o--r;-zo-----r-.r-----T.-s--·g8·-.o---T;Z·o- 4 • 5o 
289 2,86 1.20 8.1 7,5 98,0 1,92 7,50 
290 3,40 Oe60 8,7 7,3 99.0 3,24 14,25 
291 4e60 o.oo 9,5 ?~4 106,0 4,82 20,50 
292 4.oo o.oo 1o.o 7,4 102,0 6.12 25,50 
293 3,60 Oe40 10,8 7,6 10§,0 8,04 27,00 

62,0 
61,0 
61,0 
61,5 
62.0 

42,5 
42.0 
41,5 
41,0 
41,0 
42,0 

294 2,50 le50 7,9 
295 2,90 1e10 7,9 
296 3.~o o.8o 8.2 
297 3.8o o.2o 8,8 

--~-~-~ ::I g--~: ~f----~: ~ 

7.7 98,0 1.20 3,25 37,5 
7.7 98,0 1,92 5.50 37,0 
7.8 97,0 3,24 12.00 36.5 
7,8 98,0 4.82 18,00 35.5 
1,e 100,0 6el2 24,00 35,0 
8 • o nr2-.---o--s.-o4-2 a • o'__,o--3=5 • o 

TEST NO• 20 

514,5 
529.8 
545,2 
576,4 
608.2 

Si4,5 
5}4,5 
529,.8 
545,2 
576,4 
624,3 

514.5 
514.5 
499.3 
5}4,5 
545.2 
576,4 

---

l.noo 
1.030 
l.n6o 
1.121 
1e182 

1.ooo 
1.ooo 
1.n30 
i.o(,o 
1.121 
1.214 

1.ooo 
1. noo 

e971 
l.noo 
1.060 
1,121 

0•585 
0•959 
1•663 
2·224 
2•697 

C•~ 
0•660 
1•240 

''i .762 
2·192 
2·554 

Oe256 
0 .427 
0•918 
1•340 
1·761 
2e055 

3oo io.ao 9.2o 8,4 7,6 101.0 1.2o 4,oo 62,5 543,0 1.ooo o•524 
301 11•l0 8,90 9,2 7,2 10R,O 1.92 7.50 62.0 566,8 1e0?.5 0•975 

-:Jo-z--I-r;s-o----e-;s o----1.-o=-. 4...---a=---. o-=--1TI----;Q---r.2'4-.. l .. 3-... o--o----"761 • s;;.....· --,5~9~8~, e~-1r-. .:...... 1.;--;. o;:-,3~~1 -. 6r7"67 

3o3 12.no a.oo 11.6 7,o 114.0 4,82 11.oo 62.o 641,9 1.1s2 2.210 
304 12,00 8,00 13.0 ?.O 119,0 6,12 20,00 63,0 71.?,9 l.31A 2e642 

305 10,80 9.20 
3o6 11,5o a.5o 

~o-r--r-2-;;-o-·,-;<ro--

368 12,80 7.20 
3o9 13.oo 1.oo 
31o 13.oo 1.oo 

7.8 
8.2 
9,0 
9,8 

10.2 
11 ,1 

7.6 
7,8 
8,0 
1,e 
1,e 
7et'1 

107.0 
107.0 
108,0 
11o.o 
113,0 
117.0 

1.20 4,oo 43.o 543.0 1.noo o.361 
1,92 7.s~o~--4~3·~·=o ____ ~5~4~3~·~o--,l~·~n~o~o~. __ o~.6~1~6 
~~4,00 42,0 556,8 1.~25 1e233 
4,82 2o.oo 42,0 584,7 1.n77 1•761 
6.12 25,00 41,5 627,4 1.155 2·175 
s.o4 3o,oo 41.5 685,9 1.263 2·610 

311 10,50 9,so 7,9 7,7 101.0 1,20 3,50 37,5 543.0 1.0oo o·275 
-rr2-1l-;]o--s-;~ a • o ---,r~---e-ro-7 • -o--r;92--6 • o o-- 37=----:. 5.,-----.......,s 4 3~.-;o.--'t'.-:,=-~o:-;o.---;o' ......... 4'"7;;-;2 

313 12.oo a.oo 8,4 1.e 101.0 3,24 12,00 36.5 543.0 1.ooo c.957 
314 12,50 7.5o 8,9 7,~ 109,0 4,82 18,00 35.5 570,7 1.n51 1•340 
315 13,50 6e50 9,6 7,e 111,0 6,12 24,25 34.5 598,8 1.103 1•754 
316 13,50 6.50 9,9 7.~ 113.0 8,04 29,00 34,5 627,4 1.155 2·100 



50 
RUN ST.E_AM PRESS. UPSTR~A~ ~A TEJLGI1 S~_S_T R~ A t1 EHEG, QVEBALI !.!R~IIO OPV 
NO. PSrG-;- SURG . EMP. FLOw ISPL. C/MIN. UPU UPU 

PREsS. OUT SCFM INS. ---
" -, .. "" --· ·-·'- -,~., '•''' 

MAX MIN MA)( . .. MIN DEG.F., usf. 
TEST NO~ 21 

-:n-r-z.-~+lr~-.-6~---g. 9 a-;g--:--a-e-;o-r;zu 3.50 64.0 542.2 I.ooo o•4TT 
318 z.ao 1.20 10.2 a.e 89.0 1. 92 . 6 .so 64.0 558.6 1.630 0•775 
319 3eQO 1.oo 11.8 e.e 91.0 3.24 11.25 64.0 591.8 1.Q91 .1•341 
3~0 3·io o.9o 12.6 a.4 93.0 4.82 15.50 64.0 625.5 1.154 1•848 

321 2.50. 1.5o 9.2 9.0 8e.o 1.20 3.50 44.5 542.2 1.ooo C•290 
~22 z.a-o---r;zo 9.4 9.0 88.o 1.92 8.25 44.0 542.2 1.ooo 0•676 

323 3·20 o.ao 10.2 9.0 se.o 3.24 12,50 43.5 542.2 1.ooo 1e013 
324 3.4o Oe60 lleO 9,0 90.0 4.82 18.00 42.5 575.2 1.ooo 1·425 
325 3.8o 0•20 11.8 9.0 9}.0 6.12 23.75 42.0 575.2 1.091 1.8sa 
326 3,ao o.2o 12.4 9,o 93,0 8.04 27.50 42.0 625.5 1.154 2.152 

--n;--z-;so---"1-;su 9.3 9.1 88.0 1.20 2.75 39.0 542.2 I.noo o•20S 
328 2,80 1.20 9.4 9.2 88,0 1,92 5.25 38.0 542.2 1.noo 0•382 
329 3·20 c.ao 9.9 9.1 8a.o 3.24 lo.5o 37.5 542.2 1.ooo 0•734 
330 3.4o o.6o 10.5 9.3 8e.o 4.82 16.50 36.0 542.2 1.6oo 1•137 
331 3.80 Oe20 10.8 9,4 88.0 6.12 22.00 36.0 542.2 1.noo }e496 
332 4.oo o.oo 11.4 9.4 89,0 8.04 46.00 35.5 558,6 1.030 le 720 

TEST NO• 22 

333 lo.so 9.20 10.0 9,0 100.0 1.20 3.50 64~0 584.5 1~ooo 0 ~417 
334 x1.no 9.00 10.4 8,e 1oo.o 1.92 6.50 64.0 584.5 1.ooo o•775 
335 11.50 8.so 11.8 8.8 102.0 3,24 11.00 64.0 614.1 1.o51 1•312 
336 1 ----- -· 2.oo a.oo 12.1 a. rros.o 4.82 15.75 64.0 659.3 1.128 [;878 

337 1o.5o 9.5o 9.4 9.0 100.0 1.20 3,00 44.5 584.5 1.ooo o.249 
338 11.20 a.ao 9.8 9.0 100.0 1.92 6,25 44.0 584.5 1.ooo Oe512 
339 12·00 s.oo 10.2 9.0 100,0 3.24 12.25 43.5 584.5 1.noo 0,993 
340 12,80 7.20 11.0 9.0 100.0 4.82 17.25 42.5 584,5 1.ooo 1•366 

~1f!T3-;n·o-- --7 ~-oo--ri~cr---q~-rTo 3. o 6. r2-2·3-;-so 42.0 629;o 1.o76 1·839 
342 13.2() 6,eo 12.6 ?.2 106.0 8.04 28.00 42.0 674.6 1.154 2·191 

343 lo.so 9.50 9.6 9.4 100.0 1.20 2.75 40.0 584.5 t.ooo (}205 
344 11.oo 9.00 9.8 9.4 100.0 1.92 s.oo 39.5 584.5 l.ooo 0.368 
345 12.10 7.90 10.0 9.6 1oo.o 3.24 10.50 38.,0 584.5 1.noo o.743 

~o-Tz--;eo---7-.-2-o-To;-s-·-9. !::-To-1. o-4.82--26. so 37.0 599.2 lef'?5 1·137 
347 13.20 6.ao 11.0 9,6 102,0 6.12 2}.00 36,5 614.1 1.051 1•428 
348 14.00 6.00 11.6 9.8 103.0. a.o4 27.00 35.5 629.0 l.o76. le786 



51 
RUN STEAM PRESS, UPS~~~ATER ~UPSTREAM EREQ Q~ERAL,j. UR~IIO OPV 

~o. PSTG, SURG . E)lP-;-- L W D I SPL, C/Ml~, UPU Opu 
PRESS, OUT SCFM INS, .... 

·- ..•.....•... ~~~----· MI .. ~. __ .. J1A~ ......... t1J N_ ..... DE G~.f··········-··--·--·-·-------·: ____________ ~----~----Q.$j _______ ~---- ... 

TEST NO~ 23 

349 2,60 le40 8.2. 6.4. 111.0 1.20 7,25 58,0 474.1 le070 1•410 
350 2,90 1e10 9.1 6•5 117,0 1,92 11.25 58,5 540,1 1.221 2e207 
351 3·Io .. Oe90 10.4 6,2 124,0 3,24 16.50 5~,5 622.2 1.406 3e292 
352 3elQ Oe90 11.8 6.2 129.0 4,82 2(),oo 60,0 ······ 684, 1' 1.547 . 4;023 
353 3e10 o,9o 13.0 6.4 132,0 6,12 22,75 61,5 723.9 1.636 4e691 
354 3el0 o,9o 14.4 6.6 134,0 8.04 24,00 63,0 750.8 1.697 5e070 

355 2,90 lelO 7.8 7.0 108.0 1.20 7.50 41.5 442.5 1.noo 1e044 
356 3.zo o.8o 8,0 1·0 11o.o 1,92 12.50 40,5 483.5 t.n47 1•697 .. ... 

''357 3e40 Oe·60 8,8 7.2 116,0 3,24 ta.oo 41.0 528.8 i.l95 2~474 
358 3,60 Oe40 9.4 7.o 122.0 4,82 26.50 40.0 598,1 1.352 3e554 
359 3,6() 0.40 10.4 7.4 125,0 6,12 3o.oo 40.0 634.4 1.434 4e023 
360 3,60 0.40 11.5 ?.s 1Z1,0 8.04 31,00 41.0 659,3 1.490 4e261 

-
361 3e00 1.oo 7.4 7,2 108.0 1,20 6,25 35,5 442.5 1.ooo Oe744 
362 3tlQ Oe90 

.. 
7.8 10e.o 1,92 10,75 34,5 442.s-- 1.ooo 1 ~244 7.2 

363 3,SQ o.5o a.2 7,2 112.0 3,24 l8,so 33,5 484,9 1.096 2•078 
364 3,80 o.zo 8,8 7e4 116.0 4,82 19.50 33,5 528.8 lel95 2e920 

,65 3,8() o.zo 9,5 7e5 12 o--;o- 6 • 12 29,50 33.0 574.6 1.298 3·264 

TEST NOe 24 - ~-~--"~ ~ ·~··-> -~-~.-~~" ~-~ w~- ,..,_., ._,..._..,.,_ '- • ~· " ' - ~.- .,_._.,_,._,...,N' ~·~· .~,~~ '"•W'""W 

366 I1e00 9eOO 8.1 6,5 20.0 1.20 7.75 58,5 488.6 1e040 1•520 
367 11.40 8,60 9,0 6.4 126.0 1,92 11,25 58,5 547.3 1.165 2·201 
~8 11.40 8,60 1o.s 6.5 1.35,0 3,24 16.25 59,5 641.3 le365 3.242 

369 ~1.40 8.60 11.8 6,2 142,0 4,82 19.75 60,5 720.1 1,533 4e006 
370 11,40 8.60 13.1 6,5 146.0 6.12 22,00 62,0 767,8 1.~35 4·573 ... 
371 11,40 8.60 14.4 

.. 
6~0 149.0 a.o4 24,00 63,0 eo4.a 1.713 

.... 
5.069 

372'11.10 8,90 7.8 
-

1,20 1.640 1e065 7.0 120.0 7.75 41.0 488.6 
373 11,60 8.40 8.1 7.1 121,0 1.92 12.50 40.5 498.2 1,'161 la697 
374 12.oo a.oo 8,9 7.1 128.0 3,24 19,25 40.0 567.5 1.208 2e582 
375 12.?.0 7,80 9,8 1.2 134,0 4,82 25,00 40.0 630.4 1.342 3.353 

'376 12·20 7.80 10.4 7,2 137,0 6,12 3o,oo .. 39,5 .. 663,2 1.412 3.973 
377 12,50 7.50 11.6 a.o 140.0 8.04 31.50 41.0 697 .. 0 1.,~84 4.330 

~8 tx.zo--a-;-a-o 7.4 7.0 llA.O 1.20 7.25 34,5 469.7 I.ooo ce83C) 
379 11.~0 8,2o 7.6 7.0 120.0 1,92 11.50 34,0 488.6 1e040 1•311 
380 12.20 7,80 8.1 7.1 124.0 3,24 19,00 33,5 527,4 1el23 2e134 
381 12.50 7,50 s.a 7.2 129.0 4,82 26.00 34,0 577,7 1e230 2·964 
382 12,50 7.so a.8 7,7 133.0 6.12 29,00 33.5 6i9.7 1·319 3·257 



I 52 
I RUN STEAM PRESS. UPSTREA~ WATER GAS UPSTREAM FREQ, OVERALL UR!lTIO OPV 
, __ N_Q, _________ pS] G •----·~-·---·---·SURGE ..... . ·JEMP ... _FLOW . OISPL, .. C/MIN, ... U~lJ UPU 

PRESS, OUT SCfM INS, --.. 
MAX MIN MAX MIN OEG.F, usr 

> TEST NO, 25 

-·-~-83 .... 2 .• 40 ..... 1.60 2_.8 1,,4 164.0 1,20 8.oo 54,5 478,9 1.430 3.656 
384 2.50 1.50 3.0 1.4 170.0 1,92 a.so 56.0 532.8 1. sen 4e931 
385 2.60 1.40 3.6 1,4 177.0 3,24 12.50 56,5 604.8 1.An6 5e923 
366 2.60 1.~o ~.o l.f: l1g.Q 4.82 14.25 58.0 627.7 1.874 6e931 
387 2,60 1,40 4.4 1,6 181.0 6,12 15,75 58,5 651.7 1.946 1·127 
388 2,60 1.40 4.9 l,s 184.0 8,04 17,25 59,5 690.4 2.061 8e607 

389 le20 
--· ,..,.,_ ., '" ··~· ' 

1~20 li.75 36,5 462.3 1.380 3.903 2,80 2.1 1•5 162.0 
390 2.90 1.10 2.4 le4 168.0 1,92 15.75 37.5 51.4.1 1.'535 4e953 
391 

. 
1.00 2.9 11~.0 3.04 1Jl.._25 38.5 512!6 1.]Q9 6.054 3tQO 1.3 

392 3.oo 1.oo 3.0 1.4 176.0 4,82 21,50 39,0 593.8 1.773 7e032 
393 3.oo 1.oo 3.3 1.5 179,0 6,12 24.40 39.5 627.7 1.874 8·116 
394 3.oo l,OQ ..... 3. 6 .. l. 5 1aa .o .8.04 .. 26 ,25 .40,0 .. 639116 1e909 8.8o5 

395 2,80 1e20 2.0 1.6 158.0 1,20 12,00 31.0 430.8 1.286 3el20 
396 2.90 1 I 1 Q 2.1 1.t; 165.0 1.92 l6.5Q 31.5 487.5 1.455 4e359 
397 3.oo 1.00 2.3 1.5 172.0 3,24 21.50 32,0 552.2 1.~49 5e77Q 
398 3•t0 o.9o 2.8 le6 174.0 4,82 24,75 32,5 572.6 1.709 6e746 

. 399 3·?0 o.ao 2.9 1,7 176.0 6.12 27.50 33,0 593,8 1.773 7.610 
400 3·20 o.ao 3,0 l,e 17a.o 8,04 3o,oo 33,.5 616,1 1.839 8e428 

TEST NO. 26 

401 10.50 9.50 2.8 1 • '• 182.0 1,20 7.75 54,5 507.3 1.301 3e542 

-~402 lo.so. 9.50 . 3. 0 1.4 188.0 1,92 9,00 57.5 5?7,2 1e429 4e340 
403 10,60 9,40 3,5 l,S 194,.0 3,24 12.25 57,5 613.3 1.573 5e907 
404 10.70 9,.30 4.0 1.6 198.0 4.82 14.00 59.0 654.8 1e680 6t927 
~Q5 lll 80 9.20 {i.~ l.f: 200.0 6.12 1_5_. 50 60.0 611.1 1!1737 7e80Q_ 
406 11.oo 9,00 4,.8 1,6 202,0 8. 01+ 16.75 60.5 700.6 1,797 8.499 

407 , -... t.nc ;,oo -
2.2 1.4 180.0 1,20' 11.50 36,5 491,.8 1.262 3 .. 520 

~-· ~ 

408 ll·OO 9,00 2.4 1·6 186.0 1.92 14.50 37.0 540.0 le385 4·499 
4-Q 9 11-20 ~.80 2.8 1.€: 192.0 3. 21+ 18 .. 50 38.5 593.8 l '! c-;23 5·973 
410 11 .. 4,/i P. .. 6!'1 3,.2 1 t:. ,95.P 4,82 21 w 75 ?9£5 623~3 l,t:;9Ci 1·205 

- 5 

411 :.!·'•') e.6~ 3-3 :-7 197 .. ': 6.12 24-. 0 I) ~tc.o 64 4-. 1 : .. ~52 ~-051 

11.12 U.50 ~-'50 ~-6 -;,.s:t 19~.0 ~.Q4 26.?5 4('.0 6S4.~ ~ .• e-e~o 8·805 

413 11.oo 9.00 2.0 1.8 182,0 1,20 11.50 32.0 476.8 1.~23 3.086 
414 11·?0 8.80 2.1 1.7 1A8.0 1.92 15.50 31.5 523.4 1e343 4e095 
~15 1] • 4 0 a.6o 2.5 1.1 ]9{l.Q 3.2!L_2Q. 50 32.5 575 ._2__1_. 4 75 5_~_A_2 

416 11,40 d.6o 2.1 1·7 19R.O 4,82 24.00 33.0 603.4 leSRO 6e642 
417 11,40 8e60 2.9 }.7 200.0 6.12 27,.00 33,0 623.3 le599 7e472 
418 il.40 8.60 3.1 1.c; 202.0 8,04 29,50 33.0 633,6 1.,25 fh 164 



53 
RUN STEAM PRESS, UPSTREArv WATER GAS UPSTREAM FREQ, OVERALL URATIO DPV 

, __ NO • _ _ _ __ PSI G • .. ----·----- .. SURGE .. _ , TEMP" FLOW .DISPL• . C/t-1IN. . ~UPU UPU ___ .. 
PRESS, OUT SCFM INS, ~--

MAX MIN MAX MIN DEG,F, usr 
TEST NO, 27 

__ Jl9, -· 2•30 
'" 

le7IJ 
" 
.. 2. 0 . ... 1.2 149.0 o,89 4.75 52.0 .357.9 1·257 2•071 

420 2•~0 1.70 2.2 1,2 15'+. 0 1.00 6.25 52,0 392.3 1.378 2•725 
4~1 2•30 1.70 2.4 1.2 15e.o 1. 11 7,00 53.0 421.8 le482 3·111 

422 2,50 1e50 1·8 1·4 147.0 o.89 6.50 36,5 344.9 le212 1e990 
423 2,60 1.40 2.0 1.4 152.0 1.oo 9,00 36,5 378.3 1·329 2·755 

..... 4.24 2.80 1.20 .. 2.1 l.e5 156.0 1.11 10 .so 36,5 406,8 1.429 3•214 

425 2,50 le50 le7 1.5 144.0 0.89 6.25 31.0 326,0 1el45 1·625 
A26 2,80 1.20 1. 9 },t: 14-Q,O J,OQ 9,00 31.0 351,9 le251 2·3S:Q 
427 2.80 1.20 1·9 1.5 152.0 1 • 1 1 1o.5o 31.0 378,3 1e329 2·730 

,. ...... JEST. NO, .. 28 

428 10·20 9,80 2.1 1.3 170.0 0,89 4,75 52.0 4}3.5 1e173 2·071 
~22 10.30 9.10 2.2 1.2 116.0 1.00 6.25 52.Q 454,5 1.~89 2·725 
430 10.40 9.60 2.5 1·3 179.0 1 .11 ·7,25 53,0 476,4 1.352 3·222 

431 10,60 9,40 -.... 1. 8 .1 .• 4 168.0 0,89 6,75 36,5 400.6 1.137 2·066 
432 10,80 9.20 2,0 1.4 173.0 1,00 9,00 36,5 433.5 1.230 2·755 
433 ~0.90 9.10 2.1 1.3 177.0 1 • 1 1 10.25 36,5 461.7 1.3}0 3·137 

434 10,60 9.40 }.7 1.5 161~0 0.89 6.50 31.0 358.2 1.n16 2e071 
435 10,90 9.10 1.9 1.5 171.0 1.oo 9,00 31.0 420.1 lel92 2·725 

... ~36 11.~0 9.oo 1.9 .. 1.5 174.0 1.11 10,25 .31.0 440.4 1.249 3e222 



54 
RUN STEAM PRESS. UPSTREA~ WATER GAS UPSTREAM FREQ • OVERALL UR4TI0 DPv 

..... NO • _-~~~-"PSI G •. ··~·-···-~··"SURG~- .... ,.TEMP •. fLOW .. D I SPL • .... C/M IN. UPU . . u I? u ..... ·--···---.. .. 
PRESS. OUT SCFM INS, .. _ .. 

MAX MIN MAX MIN DEG.F, usr 
TEST NO. 29 

____ /t3] __ 2.2Q ...... -1.• 8Q .. 2 .6. 2.2 113.0 1.20 .. 2.50 .. 63.0 5o7.2 1.noo 0 .44o 
438 2·30 1.70 2.8 2·2 113.0 1,92 3.75 66.0 507.2 1.ooo 0•692 
4~9 2a30 1.70 2.9 2.3 113.0 3.24 2.75 81.0 507.2 1.aoo 0•623 

440 2.70 le30 2.4 2·2 112.0 1.20 4.75 40.0 494.2 .q74 0•531 
441 3.no 1.00 2.7 2.1 113.0 1.92 8.25 40.0 507.2 t.noo 0•923 

-.442 . 3, io },.90 3.;:; 2,2 114,0 3.24 13.00 41,0 520.3 1.026 1•490 
443 3·t0 1.90 3.2 2·2 us. 0 4.82 14.25 43.0 533.6 1.os2 1•713 
444 3·10 },90 3.3 2.3 116.0 6 ·12 14.75 45.5 546.9 1.n1a 1·876 
445 3 ,, 0 1.90 3.9 2.4 118.0 a.o4 15.75 47.0 57~.1 l---i32 2·000 

446 2.80 la20 2.1 1.9 113.0 1.20 4.50 34.0 5o7.2 1.ooo oe428 
.... 447 3.\0 o.9o 2.2 2.o 112.0 1.92 7.50 34.0 494,2 .974 0•713 

448 3·30 o.7o 2.5 l,c; 113.0 3.24 13.50 34.0 5o7.2 l.ooo 1·283 
449 3·50 Oa50 z.q 2.1 114.0 4.82 18.00 34.5 520.3 le026 1•736 
~50 3.50 o.so 3.0 2.2 ] l 6. 0 6.12 20.25 35.0 5~6.9 1.n1B l•9A1 
451 3.50 o.5o 3.1 2·1 117.0 8,04 21.50 37.0 560.4 1al05 2·224 

--~-· JES J ... NO • .... 30 

452 10·30 9.7o 2 .. 6 2.0 123.0 1.20 2.50 64.0 544.2 1.ooo Qa447 
~53 ~o.~o 9.10 2.6 :2.. 1 124.0 ] .92 3.15 66.0 555.9 1 • .;22 Ct69_2 
454 10.20 9.80 2.9 2.1 124.0 3,24 3.50 82.0 555,9 1.022 o•573 

.... lt55 1o.ao .9.20 2.5 2.1 123.0 1.20 4.75 40.0 544.2 1.ooo 0 .531 
456 ll•lO 8.90 2.7 2.1 123.0 1,92 e.oo 40.0 544.2 1.r1oo Qe895 
457 11.50 a.5o 3.0 ~.2 124.0 3.24 13.00 41.0 555,9 leD22 la490 
~58 11 • So s.so 3.2 2.2 l2A.Q 4,82 14.25 43.0 55S.9 1,n22 1•713 
459 11.60 8.40 3.5 2.5 125.0 6.12 14,75 45.5 567.8 1.043 1•876 
460 11.60 8.40 3.7 ~.5 126.0 8,04 15,75 47.0 579.8 ler'l65 2·069 

-· 
1.20 544.1 1.noo oe391 461 10,80 9.20 2.6 2.4 123.0 4,00 35.0 

462 11.10 8,90 2.7 2.5 123.0 1.92 7.00 35.0 544.1 1.~oo o.6es 
~63 11.90 8.10 2.9 2.~ 124.0 3.2{t 13_.00 39:._._5 555,9 1. ·"22 1·254 
464 12.iO 7.90 3. 1 2·3 12s.o 4.82 18.25 34.5 567.8 1.!'143 le7f.O 
465 12.}0 7.90 3.2 ~.4 127.0 6.12 2o,75 35.5 591,9 1.~88 2·059 
466 12·10 7.9o 3.5 ..:. c:: 12~.0 8.04 22.25 37.0 604.0 1.110 2·301 ..... -· 



.5.5 
RUN STEAM PRESS, UPSTR~A~ WATER GAS UPSTREAM FRF.Q, OVERALL URt\TIO DPV 

.... NO • ~~---. . .. P S 1 G • .... -~- ... SURGE ..... ,.TEMP, fLOW .. DJSPL, C/MIN, .. UPU ...... UPU 
PRESS, OUT SCFM INS, ---

MAX MIN MAX ~>1 IN DEG.F, usr 
TEST NO• 31 

467 2,!5() .. M•J. 5Q 4.1 3,7 107.0 1.20 3,25 62.0 562.6 1.;,oo . c•422 
468 2,60 1.40 4.5 3.5 to7.o 1,92 5,50 62,0 562.6 1.ooo 0• 715 
469 3.no 1.oo 5.n 3.8 10A,0 3,24 9,25 63,5 579.1 1e029 1·231 
410 J.oo ltOQ 5·9 3.1 lQq.o 4.82 1Q.75 67,0 595,8 1.059 1e651 
471 J.oo 1.oo 6.1 3,<; 109.0 6.12 10.75 69,5 595,8 l.os9 1•566 
472 3.oo 1.oo 6.3 3.9 10q,O 8.04 10.75 7q,o 595,8 1.~59 1•668 

473 2.40 ··· t~6o 4.0 3.e io7~o 1.20 3.50 42.5 562~6 1.ooo 0• 312 
474 

-· 

4.2 1,92 6,25 42.5 562·6 1.o0o 0•557 3·00 1.oo 3.8 107.0 
~15 3.2o o.eo 4.7 3.9 1o1.o 3. 2(f lR.. 0 0 4?.0 562!6 1.noo 1·057 
476 3.80 Oe20 5.2 4e0 lOR.O 4,82 17.75 41.5 579.1 1en29 1•544 
477 3,80 o.zo 5.3 4.1 lOq,O 6.12 21.50 42.0 595,8 1.os<l 1•893 

..... 478 .... 3,80 . o.2o 5.9 .... 4 .1 10q,O 8,04 24,00 42.5 595,8 l.o59_ 2.138 

479 2·30 le70 3.9 3,7 107.0 1.20 3.00 37 .. 0 562.6 1.rioo 0•233 
~80 2.eo 1 • 20 (i,Q J.~ ]01.0 1,92 rt.so 36.5 562.6 1.noo Ce344 
481 3.20 o.so 4.2 3.8 107.0 3,24 ·9. 75 37.0 562.6 1.1)00 Oe756 
482 3.80 Oe20 4,5 3,c; 107.0 4,82 15.75 35.5 562.6 1.aoo 1·172 

.... 48~.- H 4 .no ... o. 00 ....... 4,CJ . .. 3. c; ... to7.o. Q,12 21,50 35,Q 562.6 1.5i;o 1•578 
484 4.2o -.2o 5.1 J,c; 10~3-0 8. 01-+ 26.50 34.0 579.1 1el'!29 1•889 

n;sr NO. 32 

485 lo,5o 9,50 4 .. 2 3.8 115.0 1.20 3,25 62.0 594.1 l.,3oo 0•422 
..... 486 lo .. 7o 9,30 4.6 3·6 115.0 1.96 s.oo .62.0 594.1 1·"00 o•71S 
487 ll.nf) 9.oo s.2 3.8 116.0 3.24 7.75 63.5 608.8 let125 1•165 
488 lt.1o 8.9o 5.9 3,9 llAeO 4.82 1o.5o 67.0 63A.S 1e075 1•475 
~89 11 t:20 8.Ro 6.0 4,Q ]]g.Q 6.12 11. QQ 6q.c; 653.5 1__til)JJ 1•603 
490 11•20 8.80 6.3 4.2 11q.O 8,04 10.75 74.0 653.5 1·100 1•668 

491 10.60 9.40 '~. 0 3.8 11 s. 0 1.20 4,25 4?..5 594,1 1 • .,oo 0•379 
492 11.~0 8.8o 4.2 3,e 115.0 1,.96 6.50 42.5 594.1 le!)QO 0•579 
493 1le70 8e30 4.7 3.7 11 s.o 3,24 12 .so 42.0 594.1 le000 1·101 
ft9ft 12,80 1.20 s.2 1.8-Llo.o 4~82--la.nn ___ ~J.s 6 o.a...B-----L._ti?.5--1.•-~6.6 
495 12,80 7.20 5.6 1.e 118.0 6,12 21.50 42.0 638.5 1.1)75 le893 
496 12,80 7.20 5.9 3.q 12n.o a.o4 24.00 42.5 668,7 1.126 2e138 

497 lo,oo 9.40 4.0 3.8 115.0 1,20 3,.00 37.0 594,1 1.noo Oe223 
498 11.tio 9eOO 4.1 3,c; 115.0 1.96 5,50 37 .. 0 594.1 1.noo c.427 
9:99 11 • 5o a.5o {4.2 ~.0.115.0 . 3 • 2_4.-LQ .• 2 5 36.5 5_9 ~_ • ._]._1._ .._n.Ji_o __ .Q !L:'UL4. 
500 12,50 7.5Q 4.13 4.0 115.0 4,82 18.75 3~.5 594.1 l.n~o 1·3q6 
sot 13.oo 7.oo s.n 4.1 116.0 6.12 21.50 35 .. 5 608.8 l.nr.s 1e600 
5Q2 13.50 6,5o 5.2 4,o llq.o 8,04 26,50 35.0 653.6 1.100 1e945 



56 
RUN WATER GAS STEAM PRESS. UPSTRf:"A~ 

..Ji<h ___ eSlGL-----~·SURGE ___ ~~TEMI:e ... _F_LOW.". 
UPSTREAM FREQ, OVERALL URdTIO DPV 

DISPL..__"C/MIN,_ ··--UPU __ " __ Uf?U _______ 
PRESS, OUT SCFM INS. ---MAX MIN MAX MI~ DEG.F, usr 

TEST NO. 33 

_J?q ~---~-2.•.3 Q ______ J • IQ·-·~-~s.~ 'L-~ _f5.• 2.:_ .. CJ9 •. o ... 1 .• 20 3. 25.._"' J+.9 ..• 5. 707.0 1.noo ..... o•67s 
" . ~ . ;..;; --' 

S04 2~50 1.so 5.5 s.3 99.0 1.92 5,7S 49,0 707,0 1.ooo 1·181 
SQS 2.60 1.40 6.0 5.6 102.0 3.24 9,25 49,0 777,0 1.099 1e901 
5of2 2,50 1.so 6.4 s.e 106.0 4.62 11.75 51.0 813.3 1.~35 2•513 
So7 2.40 1.60 6.8 6.0 10~.0 6.12 12,50 53,5 922.7 1e305 2•804 
so a 2.30 1.70 7.2 6.2 108.0 8.04 12.75 56,0 947,7 1.340 2•994 

--5()'9·"-2'~'3() 1e70 5.1 ··· ···T~io 3.00 35.0 707,0 ···· r~ooo 0•440 
510 2,40 1.60 5.6 99.0 1.92 4,75 35,0 707,0 l.,no 0•697 
511 2.10 l.Jo 6.2 29.0 3. 2tt 9.15 33.5 101.0 1.nao 1• 37Q_ 
S12 2,80 1.20 6.9 s.g 102.0 4,82 14.00 33.5 177.0 1eC99 1•967 
S13 2.70 1.30 7.4 6·0 104.0 6.12 16.00 33,5 824,7 1ai67 2•247 

'"!il4 ' .2.80 ,. ·-·l· 20 ..... ...... 1.e ....... ... 6. 2. 106. o ...... a. Q4 .. l8.5Q ''•''"'3'+ .s .... ........ 8.73 •.. 3., . .. l.• 235 . .. 2•676 

SIS 2e20 leBO 5.3 4.9 99,0 1.20 2.00 32.0 707.0 1.ooo Oe268 
516 2ajo ] .1!l 6.0 s.o 99.0 1.92 3.50 31.5 101.0 l,ooo (")•462 
S17 2.70 le30 7.0 s.o 99.0 3.24 •7 .so 31.0 707.0 1.ooo Oe975 
S18 2.90 lelO 8.2 5.2 9q.o 4.82 11.50 29,0 707.0 laQQO 1•398 

... ~l'·L- . 2.90 ............ 1.1.0. .... 9. Q ... 6 .4. 101. 0. . .. 6.12 ... .15,75' ... .28 .s' ~·" 753,5 . 1 .• 066 . .. 1•.882 
S20 2.90 1.10 9,5 s.c; 102.0 8,04 19.50 29.0 777.0 1.ri99 2e2SO 

TEST NO, 34 

S21 10·20 9.ao s.4 s.o 104.0 1.20 3.00 49,5 707,0 1.ooo Oe623 
.. .522 .. 1 o. 10 .......... 9.30 ........... 6.0 ····~ 5. 0. 1os. o. . .. 1.92 ' .. 6.50 ...... 49.0 .. .]27 .• 3 ... l .• Q29 

'" 
1•.336 

S23 lo.ao 9.20 7.1 5.1 10A,O 3.24 9,25 49,5 788.9 1.116 1e920 
524 10.80 9.20 8.2 5.4 112.0 4,82 11.50 51.0 873.3 1.235 2t460 
525 10.10 ~h30 9.0 s.~ llt..O 6.12 lz.c;o 53.5 9]6.4 lt226 2 • BoA. 
526 10,60 9e40 9.8 6.0 116.0 8.04 12.75 56,5 960.3 le35A 3·021 

S27 l,Q. 20 9.80 5.5 5.3 104.0 1.20 3.00 35.0 707.0 1.ooo o.440 ... ~ ., ' 

S28 10.70 9.30 s.7 ~-3 104.0 1.92 4.75 35,0 707,0 1.0oo 0.697 
529 11,;o 9.00 6.2 c:;.4 104.0 3,24 9.50 34,0 707,0 1.ooo le354 
53(! 1] • i 0 8.20 z.n s.e 108.0 ~.82 13.15 34.0 18A,9 1. ]' j 6 le9f..O 
531 11·10 8,90 7.4 ':1.0 110.0 6.12 16,25 34,5 830.7 1.175 2e351 
532 11•00 9.00 a.o 6.2 112.0 8,04 17,75 35,5 873,3 1.235 2e642 

533 lo.2o 9e80 5,1 4.9 104.0 1.20 2.00 32.0 707.0 1.noo ()e 268 
534 1o.5o 9.so 5.2 r;.o 104,0 1,92 3,25 31.0 707,0 1.rioo o.422 
53~ 1] '0 0 9aDO 5,6 5.2 lOt..n 3.~~ 1.25 31 • Q 101.0 1.aao O...ll2.. 
536 11.t0 8.90 6.0 5,4 104.0 4,82 11.50 29,0 707.0 1.n~o 1e398 
537 11·IO 8,90 6.4 s.~ 10,.,.0 6.12 1s.so 28.5 747.6 l.ose le912 

.. 538 .11•20 a.eo .7. 2 ~.2 109.0 .H.04 18,5.0 29,0 809,7 1.}45 2.250 
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UPSTREAM FREQ, OVERALL URATIC DPV 
_w_NQ, ······--· PS lG • ... ·-·--·--··· SURGE...... . .TEMP •...... FLOW DISPL, ... C/.MIN, ... ~lJPlJ UPtt ....... . 

PREsS. OUT SCfM 
MAX MIN MAX MiN DEG.F, 

INS. ~--
U5T 

TEST NO. 35 

.. ?39 . 2e40. 1e60 ...... _3,9 3,} · 105.0 1,20 4,75 45,5 637.2 le029 1•207 
540 2,40 1.60 4.4 3.2 108.0 1,92 7,00 46,5 692.5 l.ii9 1·8IA 
5~1 2.4o 1.6o 5.1 3,5 II3.o 3.24 9.oo 49,5 788.3 1.273 2•489 

~5~4~2--~2~,4~n~--~1~·~6~0--~5u·~4~~3~•u8~1~1~5~,~o--~4~·~8~2--~9~.~~0--~5~4~·~o ____ ~8~2~7~.~9~~lu•L3~3~7L-~2~!~ 
543 2,40 1e60 6.0 4e0 117.0 6,12 10,25 56e0 B68e2 1e403 3e207 
544 2.3o 1.7o 6,6 4.4 11~.0 ~,04 lo.75 se.o 888.7 1.436 3.483 

~~~ 2.46 1e60 3.4 3e2 104,0 1,20 4,50 32,0 619e0 1.~~0 0•804 
546 2.7o 1,30 3.7 3.3 los.o 1,92 7,50 31.5 673.2 l.o29 1·320 
54 7 2 • 8 0 1 • 2 0 4 ' 2 3 • 4 1 0 9 • () 3 • 2.5i 1 2 • 5 o.~ _ _....3~1_..~5"--_J.7...1.i...I.1J.__,3'-_ _.,l_. • ...~.]~4~9"--~2 • 2 QQ_ 
548 2.70 1.30 4.6 3.6 112.0 4,82 15.00 33.0 768.8 1.242 2•765 
549 2,60 1e40 4,9 3,q 114.0 6,12 16,25 34,0 808.0 le305 3e087 

_550 2,60 1.40 s.l 3,9 116.0 a,o4 16.75 36,0 848.0 1.370 3.369 

551 2.40 1e60 3.4 3.2 104.0 1.20 3,50 28.5 6!9.0 1.0oo 
552 2,7o 1.3o 3.5 3.3 104.0 1.92 6.25 2a.n 6J9.o 1.n6o 
553 2.90 1.10 3.9 3•5 106.0 3,24 tl.SO 27.5 655.5 1.~59 
554 2.90 1.10 4.2 3.6 110.0 4,82 16.00 27.5 730.3 1.iAO 

····~555 2.70. 1.30, 4,6 .... 3 .. P. 112.0. 6,12 .. 17,25 28,0 768,8 1.242 
556 2.10 1,3o 4.8 4.0 114.0 R,04 1a.oo 29.5 soa.o 1.305 

TEST NO. 36 

557 
.. 558 

559 
560 
561 
562 

10.40 
10,60 
1o,5o 
10,40 
Jo.3o 

9.60 
9,40 ... 
9.50 
9.60 
9.70 

3.8 
. 4.2 
5.0 
5.3 
6.0 

3.0 
... 3 .2 
3.4 
3.7 
4.0 
4 ·1 

112.0 1.20 
11s.o ... .1.92 
12o.o 3,24 
123,0 4,82 
125-0 6.12 

4,50 
.7.00 
9,00 
9.25 
7,00 

10.75 

45.5 
.46,0 
49.5 
54.0 
56,5 
58,0 

655.5 
..704,3 
788,3 
840,4 
875.9 

1.~51 
1 el3 0. 
1.264 
1.348 
le405 
1.434 

o.557 
Q.978 
1e767 
2e458 
2t698 
2.966 

lel44 
1•799 
2e490 
2e490 
3e790 
3.156 

563 1o,eo. 9.2o 4.2 3.o 11o.o 1.2o 4.25 32.o 623,5 1.~oo ~76o 
564 10.90 9.1o 4.5 3.1 110.0 1.92 7,50 31.5 639.4 1.n26 1•320 
565 11.oo 9.oo 4.1 3.3 11s.o 3,24 12.25 31.5 7o4,3 1.130 2.16o 

__ s~6~6~lu!~,·~9~o~--9~ •• 1~0--~4~-~5~~1~.~~~1~1~9~·~o~-4~·~8,2 __ ~1~4~ •. ~s~o~~3u2~,.~5L-___ 7L7~1 •• "2~-i1.~·~?~J~7--~2•~-
567 lo.9o 9,1o 4.~l 3.e 122.0 6,12 16.25 33,5 822.9 1.320 3,041 
568 10,90 9el0 5.1 3.9 124.0 8,04 16.50 35,5 858.1 1.376 3e272 

56 9 1 0 • 4 0 9 • 6 0 3 • 5 3 , 3 11 0 • 0 l , 2 0 3 • 2 S 2 B • 0 6 2 3. 5 1 • fl 0 0 C• 50 8 
570 11·00 9.00 3.6 3,4 110.0 1.92 5,75 2A,O 623.5 1efl00 ~895 

__..5'-'-7_..1__..1_...}~.JL__8~, :::.BJ.LQ _-=:t4_....~n _ __:3Lta.6_l~.c:..2.L•.!.!:0_..::3..t_2 4__jJL._I~--2.L_?!_~~_5_5_,_5_l_,_n5_L_l__!.~51" 
572 11.00 9e00 4,3 3,7 117.0 4,b2 14,75 27.5 737,5 lel83 2e260 
573 11•00 9.oo 4.7 3.G 11~.0 6.12 17,00 28,0 754.3 1.210 2e659 
574 11•00 9,00 4.9 4el 120,0 8e04 18,00 29,0 788,3 lt264 2e9l~ 
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these flowrates, pulsation degenerated to two-phase flow. 

With a 0.5 in. discharge diameter water flows were limited to 

a maximum of about 106.3 lb./min. (VST = 1.56 ft./sec.) due to 

excessively high pressure in the upstream surge volume. With 

a 0.75 in. discharge diameter tests were done only with water 

flowr~tes of 127.5 and 170.0 lbs./min. (VsT = 1.88 and 2.50 

ft./sec.). 

Figure 7 shows this effect of discharge diameter on 

the range of possible flowrates. The maximum and minimum 

flowrates at each dischirge diameter in this work are compared 

to the pulsing range found by Milburn< 7 >. The only significant 

difference between the two sets of data are at a discharge 

diameter of 0.75 in. With this discharge size Milburn( 7 ) 

obtained pulse flow at much higher flowrates because he allowed 

higher pressure to develop in the upstream riser. 

Some pulsed flow tests were carried out with a 12/4 

and a 36/4 bundle for which best operation could be obtained 

with a 0.5 in. discharge diameter and flowrates of 31.8 to 

106.3 lb./min. (VsT = 1.40 to 4.69 ft./sec.). 

1) Treatment of the Data 

The data were treated by plotting the ratio of the 

enhancement in the overall heat transfer coefficients (Upu/UsT) 

as a function of the corresponding experimental values of the 

DPV for each test. On the same graphs the predictions of the 

quasi-steady theory were also plotted. Data from 16 tests only 
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FIGURE 7 

EFFECT OF DISCHARGE DIAMETER 

ON PULSING RANGE 

480.0r---------------------------------------------------~ 
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~ 200.0 
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1£ 160.0 

120.0 

80.0 

4o.o 

X--- MILBURN'S THESIS (?) 
• --- THIS REPORT 
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TARGET PRESSURE IN RISERS -
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X MAXIMUM 
' FLOW ( ?) 

t 
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////// / 

\ ! 
\ /·---\ /. ' ' -:-- • MAXIMUM 

'/. 
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, X MINIMUM 
FLOW (7) 

0.0~~----------------~~~------------------~----------~ 
0.25 . 0.50 0.?5 

DISCHARGE DIAMETER (in.) 



have been selected and are shown on the following Figures: 

Figure No. Test Nos. 

8 5 , 6 

9 9 , 10 

10 11' 12 

11 17 , 18 

12 2 3, 24 

13 25, 26, 2 7 , 28 

14 33, 34 

The data for tests 1, 2, 21, 22, 29, 30, 31 and 32 are not 

shown on figures because most of the DPV values were in a 

range from 0 to 2.0 with little or no increase in Upu/UsT· 

The results from these tests reinforced the conclusion that, 

contrary to the theoretical prediction, heat transfer was not 

reduced by flow pulsations over this range of DPV. 

The results of tests 3, 4, 7, 8, 13, 14, 15, 16, 19, 20, 

35 and 36 are also not shown because their results are duplicated 

by the results obtained in other tests. For example a plot of 

UpuiUsT versus DPV for tests 7, 8 is almost identical to those 

of tests 5, 6. 

2} Results 

The results of the pulsed flow tests showed the 

following: 

a} Enhancement of the overall steady state heat transfer 

coefficient occurred in all but eight of the thirty-six pulsed 

flow tests. Enhancement normally took place whenever the 



FIGURE 8 

EFFECT OF PULSATION ON HEAT TRANSFER 

(PULSE TEST NOS. 5 AND 6) 
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1.6F===T===~======~======~----------------------, 
SURGE STEAM 

TEST DATA VOL. PRESSURE 
NO. POINTS (cu. ft.) (psig.) 

.5 • 0,2 2 

5r- .5 A 0 • .5 2 
1. 

.5 [!) o.s 2 

/ 6 X 0,2 10 
6 A 0 • .5 10 • 
6 ~ o.s 10 
-v- THEORETICAL CURVE )vv o.a 1. 41-

1. ":lr--" 

1. 2r-

• Gl 

ST /B:0.515 
. 

~ 
~ 

• • 
)( 

A 

A 
X jV 

~ 

m lam a 

X, IDV TUBE BUNDLE - 36/4 

Ia 

A 
A 

v 

I 

B 
DISCHARGE DIAMETER - 0.5 in. 
MEAN VELOCITY - 2,81 ft./sec. 
FLOWRATE - 6).8 lb./min. 

/u ' 
17!911 " A tel _Flf,.l!l .. I I 

1 ·l~'~u-,-v~~-~-~1~:~~oA-~----~~--2~.o----------3~.~o--------~4~.-o--------~.5.0 

' /v v\ \) 
v l 

v v 

o.s-

DIMENSIONLESS PULSATION VELOCITY (DPV) 
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FIGURE 9 

EFFECT OF PULSATION ON HEAT TRANSFER 

(PULSE TEST NOS. 9 AND 10) 
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1.6~--------------------------------------------------------~ 

1.5 

1.4 

1.3 

1.2 

1.1 

SURGE STEAM 
TEST DATA VOLUME PRESSURE 
NO. POIN (cu. ft.) ( ps ig.) 

9 • 0.5 2 

9 m 0,8 -2 

10 X 0.5 10 
10 tg 0,8 10 
-v- THEORETICAL CURVE 

- 0.8/ 
AXVST B = 0.295 

v 

v 

• 
[iJ 

v 
l!J • 

X 

II 

)( 

rill v 

TUBE BUNDLE - 36/4 
DISCHARGE DIAMETER - 0.5 in. 
MEAN VELOCITY - 1.40 ft./sec. 

FLOWRATE - 31.8 lb./min. 

DIMENSIONLESS PULSATION VELOCITY (DPV) 
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FIGURE 10 

EFFECT OF PULSATION ON HEAT TRANSFER 63 

{PULSE TEST NOS. 11 AND 12~ 

TEST DATA 

NO. PTS 

12 • 
12 A 
12 Gl 

11 X 

11 A 

11 Gi1 

-u-

SURGE STEAM 
VOLUME PRESSURE 
(cu. ft.) ( psig.) 

o.2 10 
0.5 10 v 
0.8 10 
0.2 2 

·5 2 
.8 2 

THEORETICAL CURVE 

v )( A 

A CJ 

0.8 
AxVsT /B = 40 

l8l 
A 

• 

)( 

u 

-/ 

A s 
X 

• v Ae 

X 's • 
151 

A • 
xs 

1!1 

TUBE BUNDLE - 12/12 
DISCHARGE DIAMETER -0.625 in. 
MEAN VELOCITY - 1.25 ft./sec. 
FLmJRATE - 85.0 1b./mtn • 

DIMENSIONLESS PULSATION VELOCITY (DPV) 



FIGURE 11 

EFFECT OF PULSATION ON HEAT TRANSFER 

(PULSE TEST NOS. 17 AND 18) 
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1.6~----------~--------------------------------------~ 

1.1 

SURGE STEAM 
TEST DATA VOLUME PRESSURE 
NO. PTS (cu. ft.) ( psig.) 

18 • 0.2 10 
18 A 0.5 10 
18 m 0.8 10 
17 )C 0.2 2 
17 A 0.5 2 
17 181 0.8 2 
----V---- THEORETICAL CURVE 

• 

v 

0.8 
/B = 0.516 

v 

4. B V TUBE BUNDLE - 12/12 

2.0 

A DISCHARGE DIAMETER -0.625 in. 
MEAN VELOCITY - 2.19 ft./sec • 
FLOltlRATE - 148.8 lb./min. 

4.0 

DIMENSIONLESS PULSATION VELOCITY (DPV) 



FIGURE 12 

EFFECT OF PULSATION ON HEAT TRANSFER 

(PULSE TEST NOS. 23 AND 24) 

. ' 

1.6r---------------------------------------------~------~ 

SURGE STEAM 
TEST DATA VOLUME PRESSURE 
NO. PTS (cu. ft.) (psig.) 

24 • 0.2 10 

1. 24 ~ 0.5 10 
24 El 0.8 10 

2) X 0.2 2 
2) a 0. 5 2 
2) QQ 0. 8 2 
--v-- THEORETICAL CURVE 

0 
H 
E-1 
< 
tx: 1. 

1.2 

1.1 

0.8 
AxVsT /B : 0.393 

9 u 

X 

js 
! m • y 

TUBE BUNDLE - 12/12 
DISCHARGE DIAMETER - 0.5 in. 
MEAN VELOCITY - 1.56 ft./sec. 

FLOWRATE - 106.) lb./min. 

1.0~-~----~~~~~~~--~----------~--------~~--------~ 
v"v. 1. o / 2 • o J. o 4. o 5. o 

'\a DIMENSIONLESS PULSATION VELOCITY (DPV) 
\ v 

v /· 
\ Q 
v/ 
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FIGURE 12 
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~PULSE 

TEST DAT 

NO. PTS 

26, 28 • 
26, 28 & 
26, 28 8 

25, 27 X 

25, 27 A 
25, 27 Iii 

Q--

0.8 
AxVST 

aa 

v 

TEST NOS. 22 2 26 1 2Z AND 28} 

SURGE 
VOLUME 
(cu. ft.) 

0,2 
0,5 
0,8 
0,2 
0.5 
0,8 

THEORETICAL 

/B 

• • 
lilA 

A &l 
B 

STEAM 
PRESSURE 
{psi g.) 

10 
10 )( 

10 
2 X 

2 A 

2 X A Ill 

CURVE 

v )( • 
' aJ 

• 
A II 

• & 

• & 

e 
X A EJ 

G1 
• 

A 
~ 

m 

TUBE BUNDLE - 12/12 
DISCHARGE DIAMETER - 0.5 in. 
MEAN VELOCITY - 0,62 ft./sec, 
FLO~TRATE - 42. 5 lb. /min. 

DIMENSIONLESS PULSATION VELOCITY (DPV) 
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TEST 
NO. 

34 
34 

1. 34 
33 
33 
33 

1. 

1. 

1.2 

1. 

FIGURE 14 

EFFECT OF PULSATION ON HEAT TRANSFER 

~PULSE TEST NOS. :2J AND J4~ 

DATA 

PTS 

• 
~ 

8 

X 

A 
1&1 

v-

SURGE STEAM 
VOLUME PRESSURE 
(cu. ft.) (psig.) 

0,2 10 
0.5 10 
0,8 10 
0,2 2 
0.5 2 
o.8 2 

THEORETICAL CURVE 

• v 

X 

X 
• 

0.8 
/B: 0.794 

.fA 0 TUBE BUNDLE - 12/4 

• 

DISCHARGE DIAMETER - 0.5 in, 
MEAN VELOCITY - 3.75 ft./sec. 
FLOWRATE - 85.0 lb./min • 

3.0 4.0 

PULSATION VELOCITY (DPV) 
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DPV exceeded 1 .. 9 and increased with increasing DPV. In many 

cases there is practically a linear increase in Upu/UsT over 

a range of DPV from 1.0 to approximately 4.0. The ratio of 

Upu/UsT increases by almost 40% over this range of the DPV. 

b) The predictions of the quasi-steady state theory and 

experimental results were usually not in agreement. For DPV 

values greater than 2.0, theoretical values of Upu/UsT were 

in some cases in accord with experimental results (see 

Figures 11 and 12). However the theory often overestimated 

the Upu/UsT when mean flow velocities were less than about 

2.0 ft./sec. (see Figure 10) and underestimated Upu/UsT when 

mean flow velocities were greater than about 2.0 ft./sec. 

(see Figure 14). T~e differences between theoretical and 

experimental results could not be explained by experimental 

error, as will be discussed later. For low values of VST 

the most likely explanation for the deviation is the effect 

of poor fluid distributiori in the tubes. The effective mean 

fluid velocity is ~uch higher than the calculated average. 

Due to insufficient data it is not possible to speculate on 

the reasons for the poor agreement between experimental and 

theoretical results at mean velocities above 3.0 ft./sec. 

Future work should be directed towards determining Upu/UsT 

in pulsed flow when mean velocities are well above this level. 

c) For mean fluid velocities above 1.0 ft./sec. no factors 

(such as ~team pressure or discharge diameter) other than DPV 
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can be said to.have a major effect on Upu/UsT· However the 

results, for tests 25, 26, 27 and 28 (figure 13) which were 

done at a mean fluid velocity of0.62 ft./sec., were also 

affected by the shell steam-pressure. The overall heat 

transfer enhancement ratio (Upu/UsT) showed greater improve-

ment at 2 psig. shell side steam pressure than at 10 psig. 

steam pressure. For these tests, the values of UsT were 

significantly lower at 2 psig. than at 10 psig. shell side 

steam pressure. In this case the bverall heat transfer 

~oefficients tended to be equalized by the pulsating flow. 

This would be consistent with a fluid mechanical effect 

whereby the fluid distribution is improved by pulsation. 

Thus in pulsed flow the effect of steam pressure on the heat 

transfer coefficient is less than in the case of steady flow 

(see Table 5, page 5, and Figure 5, page 31). 

3) Discussion of Errors 

The calculation of Upu/UsT depends only upon the 

temperature of the entering and leaving fluid streams, and 

the steam temperature, assuming all other factors remain 

constant and can be calculated from equation (7). 

ln [TsM -
TsM 

PULSATING FLOW 

STEADY FLOW 

(7) 



where TsM = steam temperature 

T0 = outlet fluid temperature 

T1 = inlet fluid temperature 
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The values, T0 and T1 were measured to within ~ 1.0 °F 

but a larger source of error probably occurred in estimating 

the shell steam temperature, Ts:H which was based on the stes.m 

pressure in the heat exchanger shell. In the pulsed flow 

tests pressures varied as much as~ 3 psig., which corresponds 

to approximately ± 6 °F. However an average deviation would 

be less than this. + 0 Assuming a maximum deviation of _ 3 F, 

calculations shol'J that Upu/UsT could be in error by as much 

as ± 20%. This most likely explains the wide scatter of points 

in Figures 8, 9, 10, 11 and 12. 

Some fluctuations in water outlet temperature were 

noticeable in tests with the 12/12 bundle. It is believed 

these were caused by buildup of condensate in the shell side 

of the heat exchanger with .condensate covering some tubes. 

Care was taken in these tests to conduct the experiments 

only when the steam trap was blowing steam and to read maxi-

mum obtainable discharge water temperatures. 

The calculation of the Dimensionless Pulsation 

Velocity (DPV) depends on three independent variables. It is 

~roportional to the frequency and upstream stroke of pulsation 

and inversely proportional to the flowrate. The upstream 

stroke could be measured to within ± 0.2 5 in. at levels from 

0 to about 20 inches. Above this, the stroke was more 
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difficult to read. It is estimated that strokes above 20 

inches were accurate to within ± 0.5 in. The frequency of 

pulsation could be obtained to within ±:o.5 per minute. 

Assuming maximum deviations the value of the DPV was calcu-

1 ate d to be correct to within .± 5 . 0% . Compared to the errors 

that could exist in the calculation of Upu/UsT (equation 7), 

errors in the calculation of the DPV were not considered 

significant. 

4) Air Requirements 

One of the purposes of this work was to make an 

estimate of the air requirement that could be expected in 

a "Water Blow" Pulsation Generator. As previously explained, 

compressed air was fed to the generator through a calibrated 

rotameter. The air pressure was noted and thus from Figure 4 

the flow of air (in scfm) to the generator could be determined. 

To show some of the factors affecting air requirement 

the data from twelve pulsed flow tests have been selected and 

are s h own on Figure s 1 5 , 1 6 , 1 7 , 18 , 1 9 and 2 0 . The air 

consumption is defined as the volume of air (scf) used per 

volume of water flowing and is plotted on the abscissa. The 

ordinate is the corresponding Upu/UsT· 

Figure 15 (pulse tests 25, 26) contains typical 

curves obtained from the tests. 

be made are: 

Some observations that can 
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• FIGURE 15 

AIR REQUIREMENTS FOR OVERALL HEAT TRANSFER ENHANCEMENT 72 

(DATA FROM PULSE TEST NOS. 25 AND 26) 

2.2 
TUBE BUNDLE - 12/12 
DISCHARGE DIAMETER - 0.5 in. 
FLOWRATE - 42.5 lb./min. (o.681 c. f. m.) 

EJ 

2.0 f-

lil 
B 

£!) B 

lli 

1.8 ~ Gl • 
B li9 

• . 
Ia ii 

• X 

li9 X 
A 

1.6 - 1!1 X ~ 

• 
B 6 SURGE STEAM 

)C 

TEST DATA VOLUME PRESSURE 
A 

IB NO. PTS (cu. ft.) ( ps ig.) 
t!l • 26 • 0.2 10 

1.4 - 25 1!1 0.2 2 
a!l X 

A 26 .X 0.5 10 

• 25 li 0.5 2 
X 
f1j 26 t. 0.8 10 

1.2 
A 25 llJ o.s 2 

f-

I I I I I I I I I I I I 

2.0 4.0 6.0 8.0 10.0 12.0 14.0 16.0 18.0 20.0 22.0 24.0 1.0 

AIR REQUIREMENT ( s. C. F. AIR PER CU. FT. WATER) 

.... 



0 
H 
E-1 
< ex: 
8 z 
Cx:l 
~ 
Cx:l 
0 z 
< 
:X: z 
rz:l 
p:: 
rz:l 
~ 
Cl) 
z 
< p:: 
8 

8 
< 
rz:l 
:X: 
I 

8 
CIJ 

::::> 
......... 

~ 
::::> 

FIGURE 16 

AIR REQUIREMENTS FOR OVERALL HEAT TRANSFER ENHANCEMENT 73 

-(DATA FROM PULSE TEST NOS. 12, 14, 16, 18, 20, 22) 

1.6~~====================~-----------------. 

1.4 

1.3 

1.2 

1.1 

TUBE BUNDLE - 12/12 
DISCHARGE DIAMETER - 0.625 in. 
SURGE VOLUME - 0.2 cu. ft. 
STEAM PRESSURE - 10 psig. 

LEAST SQUARES LINE - 0. 977 + 0.112 AT 

Iii 

• 

• PULSE 
TEST DATA FLOWRATE 

• NO. PTS (lb./min.) ( c • f. m.) 
12 • 85.0 1.36 
14 li 106.3 1.71 
16 13 127.5 2.04 

• 18 A 148.8 2.38 
20 .X 170.0 2.72 
22 Ill 191.3 3.07 

• 

AT=AIR REQUIREMENT (S. C. F. AIR PER CU. FT. WATER) 



FIGURE 17 

AIR REQUIREMENTS FOR OVERALL HEAT TRANSFER ENHANCEMENT 74 

(DATA FROM PULSE TESTS NOS. 12, 14, 16, 18, 20, 22) 

1.6r-------------------------------------------------------~ 

1.4 

1.2 

1.1 

TUBE BUNDLE - 12/12 
DISCHARGE DIAMETER - 0.625 in. 
SURGE VOLUME - 0.5 cu. ft. 
STEAM PRESSURE - 10 psig. 

SQUARES LINE - O. 924 + 0.106 AT 

• 
B 

• 

PULSE 
TEST DATA FLOWRATE 
NO. PTS (lb./min.) (c. f. m.) 

12 • 85.0 1.36 
14 b. 106.3 1.71 
16 [!) 172.5 2.04 
18 &. 148.6 2.38 
20 X 170.0 2.72 
22 B 191.3 3.07 

AT = AIR REQUIREMENT (S. C. F. AIR PER CU. FT. WATER) 



FIGURE 18 

AIR REQUIREMENTS FOR OVERALL HEAT TRANSFER ENHANCEMENT 75 

{DATA FROM PULSE.TEST NOS. 12, 14, 16, 18, 20, 22) 

1.6~======================~--------------------. 
TUBE BUNDLE - 12/12 

1.4 

1.2 

1.1 

DISCHARGE.DIAMETER - 0.625 in. 
SURGE VOLUr.1E - 0. 8 cu. ft. 

STEAM PRESSURE - 10 psig. 

SQUARES LINE = 0.9.34 +0.077 AT 

• 
A 

• 
PULSE 
TEST DATA FLOWRATE 
NO. PTS (lb./min.) (c. f. m.) 

12 • . 85.0 1 • .36 
• 14 D. 106 • .3 1.71 

16 [;] 172.5 2.04 
18 lil 148.8 2 • .38 
20 X 170.0 2.72 
22 Gil 181 • .3 ).07 

AT = AIR REQUIREMENT (S. C. F. AIR PER CU. FT. WATER) 
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FIGURE 19 

AIR REQUIREMENTS FOR OVERALL HEAT TRANSFER ENHANCEMENT 76 

(DATA FROM PULSE TEST NOS. 23 AND 24) 

1.6r---------------~==========================~ 

1.5 -

1.4 - ro 

.. 

1.3 -

m 
X 1.2 1- ·II 

• 

h. 

1.1 ~ I1SI 

1!1 )( 
I§ 

ttX6 

1.0 /\~I~ I 

tlll. 0 2,0 

AIR 

TUBE BUNDLE - 12/12 
DISCHARGE DIAMETER - 0.5 in. 

r5 FLOWRATE - 106.3 lb./min. (1.71 c. f. m.) .. 

181 
X 

A 

R 

X 

flll 

I! 
X 

w PULSE SURGE STEAr1 
TEST DATA VOLUME PRESSURE 
NO. PTS (cu. ft.) (psig.) 

24 • 0,2 10 
23 B 0,2 2 
24 X 0.5 10 
23 IS 0.5 2 
24 /). o.s 10 
23 Ill o.B 2 

I I I I I I I I I 

3.0 4.0 5.0 6.0 7.0 8.0 9·0 10.0 11.0 

REQUIREMENT (8, C. F. AIR PER CU. FT. WATER) 

I 

12.0 
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FIGURE 20 

AIR REQUIREMENTS FOR OVERALL HEAT TRANSFER ENHANCEMENT 77 

(DATA FROM PULSE TEST NOS. 35 AND 36} 

1.6 
TUBE BUNDLE - 12/4 
DISCHARGE DIAMETER - 0.5 in. 
FLOWRATE - 63.8 lb./min. (1.02 c.f.m.) 

1.5 -

Iii • 
1.4 r- • 1!1 

)( . li 

• . 
El 

X 

1.3 - B 151 

m 
• A 

B 
X 

lli 

fj 
1.2 - PULSE SURGE STEAM 6 

llil TEST DATA VOLUME PRESSURE 

liD 
NO. PTS (cu. ft.) (psig.·} 

36 • 0,2 10 
• X 

Iii 35 m 0,2 2 

1.1 1- 36 )( 0.5 10 

35 18 o-5 2 
II 36 A 0,8 10 

• 11 
IH 35 11'51 o.8 2 

&l )( 

1.0 -~AI I I I I I I I I I I 

1.A0 ~- o 3.0 4.0 5.0 .6. 0 7.0 8,0 9.0 10.0 11.0 12,0 

AIR REQUIREMENT (S, C. F. AIR PER CU. FT. \<JATER) 

-
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a) For each specific test increasing the air require­

ment causes the change in Upu/UsT to decrease until a 

limiting value of Upu/UsT is approached. 

b) The smaller the surge volume used (minimum of 0.2 cu. 

ft.) the greater the value of Upu/UsT for any DPV. 

c) In this case there is an apparent effect of shell 

steam pressure. The cause is actually an equalization of 

overall heat transfer coefficients due to pulsed flow that 

was discussed on p. 69. 

The data from pulse tests 12, 14, 16, 18, 20 and 22 

are shown in each of Figures 16, 17 and 18. The Figures 

correspond to using surge volumes of 0.2, 0.5 and 0.8 cu. ft.· 

respectively. 

In each of these three Figures the data from pulse 

test 12 gave the typical curve as described above. However 

for the data from pulse tests 14, 16, 18, 20 and 22 it 

appeared that they could be well represented by a straight 

line over a range of air requirement from 0 to about 4.5. 

Minimum air requirement for a desired Upu/UsT was achieved 

with the surge volume of 0.2 cu. ft. (see Figure 16). A 

least squares calculation was used to calculate the best 

straight line. 

in Appendix I. 

The computer program which was used is given 

For the data in Figure 16 an increase of 1.0 

in air requirement increased Upu/UsT by about 11.0%. The 

least squares lines for surge volumes of 0.5 and 0.8 cu. ft. 

give lower increases in Upu/UsT and are shown on Figures 17 

and 18. 
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The minimum _air requirement to obtain a desired 

beat transfer enhancement ratio was found from the data of 

pulse tests 23, 24 (see Figure 19). In these tests the 

upstream surge pressure was allowed to rise above the limit 

of 10 psig. in order to make runs over the complete range of 

flowrate calibration. The result was that these tests were 

run under the conditions of both the highest surge volume 

pressure and highest fluctuation in the surge volume pressure 

at any fixed air flow. It was not. within the scope of this 

work to determine the effect of any further increase in surge 

volume pressures and pressure fluctuations. 

Pulse tests 23, 24 again showed that the highest 

heat transfer enhancement ratio at a fixed air requirement 

was obtained by using the smallest surge volume of 0.2 cu. 

ft. 

The results in this section up to now have been con-

cerned with data from the 12/12 tube bundle. The results 

from pulse tests 35 and 36 (see Figure 20), however are from 

data taken from the 12/4 tube bundle. 

the typical curves already described. 

The results produced 

As with the 12/12 

tube bundle highest heat transfer enhancement ratio was 

obtained, at any fixed air requirement by using the 0.2 cu. 

ft. surge volume. 



V CONCLUSIONS 

The "Wstter BlovJ" Pulsation Generator has been used 

successfully to produce fluid pulsations in an industrial 

single pass heat exchanger. Tests have repeatedly shoVJn that 

improvements in the time-averaged overall heat transfer 

coefficient of up to 40% were possible using Dimensionless 

Pulsation Velocities (DPV) from 1.0 to approximately 4.0. 

The tests were limited to a range of mean fluid velocities 

from .62 to about 4.5 feet per second. In one test at the 

mean fluid velocity of 0.62 ft./sec. an improvement in the 

coefficient of over 100% was achieved. 

· The majority of the pulse flow tests were run with 

an air requirement which varied between approximately 0.3 to 

5.0 standard cu. ft. air per cu. ft. water. When the pulsa­

tion generator was operatine under good working conditions 

of discharge diameter (0.625 in.), flowrate (106.3 to 191.3 

lb./min.) and surge volume (0,.2 cu. ft.), the overall heat 

transfer coefficient increased 10 to 11% per unit of air 

required (s. cu. ft. 9.ir/cu • .ft. water passed). 

The quasi-steady state theory was not completely 

successful in predicting the results of the tests. The theory 

often underestimated coefficients at high mean fluid velocities 

and overestimated coefficients at low mean fluid velocities. 

The prediction that Upu/UsT decreases at DPV values between 

80 
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0 and about 2.0 was not observed during experimental testing. 

On the other hand, as predicted by the theory DPV was the 

major variable affecting the improvement in the heat transfer 

coefficient. 

Future investigations should be directed towards 

working with high mean velocities (well above 4.0 ft./sec.) 

in the tubes, while maintaining high fluid flowrates. This 

would require some changes in the present "Water Blow" 

Pulsation Generator, in particular an all-metal construction 

capable of containing higher pressures. Glass construction 

was retained in this work to facilitate mea~urement and 

observation. 

A preliminary cost estimate has been done using the 

Guthrie(ll) method of calculation. The estimates are for 

steady state water flows of 10 cfm and 1,000 cfm. The calcu­

lations shown in Appendix III indicate that costs would be 

about $125 /cfm year at 10 cfm flow and about $ 24-.94/cfm year 

at the 1,000 cfm level of flow. It should be pomted out that these 

costs will be reduced if compressor capacity is already available. The 

costs would be approximately $104/cfm year at 10 cfm flow and about 

19.40/cfm year for 1000 cfm flow. These costs would include all expenses 

except the capital cost of the compressor. 
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AR 
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AT 
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A 

NOMENCLATURE 

Meanin_g (UnJ..tti 
0 

Overall heat transfer coefficient (BTU/hr. sq. ft. F) 
0 

Temperature ( F) 

Heat transfer area (sq. ft.) 
0 

Natural log mean temperature difference ( F) 

Mass flowrate (lb./hr.) 
0 

Temperature gain or loss of the flowing fluid ( F) 
0 

Individual heat transfer coefficient (BTU/hr. sq. ft. ·F) 

Tube diameter (ft.} 

Thermal conductivity (BTU/hr. ft. °F) 

Fluid viscosity (lb./ft./hr.) 

Thermal heat capacity (BTU/lb. °F) 

Density (lb./cu. ft.) 

Fluid velocity (ft./sec,) 

Mean fluid velocity (ft./sec.) 

Dimensionless Pulsation velocity = Ratio of 

Maximum velocity fluctuation to the Mean fluid 

velocity = 1( x (S) x (F)/VsT 

3.1416 

Stroke= (Maximum amplitude- Minimum amplitude) (ins.) 

Pulsation frequency (cycles/minute) 

Shell side heat transfer resistance, intercept of 

the Wilson Plot (hr. sq. ft. °F/BTU) 
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36/36 

36/4 

12/12 

12/4 

AT 

SM 

ST 

PU 

h 

s 
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NOMENCLATURE CONT. 

Meaning (Units} 

Angular frequency (radians/sec.) 

Represents the non varying factors in the expression 

for the film side heat transfer coefficient 

Tube bundle = 36 tubes with 36 active 

Tube bundle = 36 tubes with only 4 active 

Tube bundle = 12 tubes with 12 active 

Tube bundle = 12 tubes with only 4 active 

Air requirements (standard cu. ft. air/cu. 

Dry saturated steam temperature or pressure 
0 

( F or psig,) 

Under steady state conditions 

Under pulsed flm-v conditions 

Tube side heat transfer coefficient 

Shell side heat transfer coefficient 

Entering conditions 

Exit conditions 

evsT (lb./sq. ft. sec,) 
0 

Rate of heat transfer (BTU/hr. sq. ft. F) 

ft. water) 
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APPENDIX I 

Computer Programs 

1) Calculation of Results for the Steady State Tests 

2) Calculation of Theoretical Heat Transfer Enhancement 

Ratio as a Function of the DPV 

3) Calculation of Results for the Pulsation Tests 

4) Calculation of Best Straight L~ne by the Method of 

Least Squares 
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1) CALC~LATIUN uF ~~SGLTS F0k THE STlAUY STATE TE~l~ 

DI~E~SIGN GST(~~), V~(5vl 

(C,·;,.;OI~ ,.J,,.,, :._!~Tl(5J),V01(5vl,>:(~~.,.), Y(')u) 

c 
c 
c 
c 

C A L C u L A T t:: A '' t: PI,::, A h f = ri t: i~ T T r\ A" ._., r C. r\ ;.. h t. /1 tl X T = T ~ ~ C: (>~ u ~ .::, S c C T I v' • ;\ I' c r~ 
AX!~=i..: I 5ti< (i\055 SECT I Ui, ;.,;,f..A 
TDI=I1-.:SllJE TUb~ DIAf',f:.Tll-\ IN rEt.T 
TDO= \JI..JTSluC. 1•-.~l:3C: l)I/,,·,C::.Ti:::l' 1: .. ; Ft:[T 

c Hi= I j u I 'b E ~ c F T •j b E s 
C TL=TGLi[LE.\GTtl II'' FEET 

Tui==.:Jt:'71l:::. 
TDU=.62?1lL• 
TL=37.'-'IL::. 
T,\=4. 
A H T = T L .;;- ( ( T LJ l + T 0 u ) I 2 • ) -~ j • l 4 l 6 ~" T I j 

A X T = 3 • 1 4 l 6 "'i-T u I .;q LJ I -;q, ~ I Lf • 

c IW = i-d s E .~ J Iii I 'IE T li~ H1 F E ~ T 
RD=2.112. 
A X 1...: = 3 • l ttl6 -;;-,, 0 .;;- 1< D I 4. 

C CP= ri'c../1 I Cf\t-.J!,Cl IY 
CP=l.v 

c T.S=~TU\i"i Tr.:.I'IPCI~f\Tl.li~E 
C T0=1.1\ft.l\ C0TLtT TE:·.Pci\/.,T~;,E 

C TI=,.f,TE!:;; r,~Lt.T lE·,r'E:-.:f.\TlJ'·q:_ 
C •·~F=c'.;\TE,< FLv .. I 1 f-l(;:._J,,(J.::J r-J::.;~ ,•,I.:~JTL 

t·W=l 
I~EAD ( S '99c:J l 1•1 

C i·,=i\U;<oEI< OF SET:.:> OF [);\ f /1 
':U 9 F C: ;~, , A T ( l I 5 l 
lv v '' 1\ ITt:: ( G '9 :;- J i ,.,., 
SJ 9 i3 F (j I-(.! AT ( Hi l Hi I IT l::.....) T I '.I 0. ,r ')I /) 

\'i R I T C.: ( 6 , l (, u v ) 

l" \J U F C :..; :-\ T ( 4X , 4!--i L ~ T I , 8 X ' J H ./::., I ' 9 X ' j 1 i .J :~ T ' l CJ / ' t:: i i \/5 , :; X I I ) 

1 ::.., J 1 F G :~ ,c., f ( l I 5 J 
DO 1 v I= 1 , ~~ 

C j\j=i\ul'lt.lt.J' 0F ...JEfS GF LJI\TA i-'Uli\L.) 
1-<E/\IJ(::;,l"''~t!.J T~-,~L.J,TI, .F 

1 J v 2 F v '"', .. 1:, r < 4 F 1 v • <+ J 
__.... - __. I c -.-' .c. I I L . , ..._ , ·. \.._ ...._- , _ •- , , 

T E u..; = ( ( I S- ·;· I j - ( T ::0- i. J J' j I i._ u G r-- ,( ( I ~- T I l I ( T ..) -Tv J l 

0;,:, 1 I ( i l = l •... / v...l T \ l l 
( (j:\l(uL/\i~ ,,;\lei'\ f-LU:, vC..Lv(..i'[;' li, ivut..-.:o 1,, ~:r:.t..ii....JL\...•-1;_, 

C V~I=l.J/V:~· 
V,::, (I)=', F I ( 62. .t,7c/C..X T ;;6u.) 

v~Iill=l._/iv.3(!l~~~.ol 

,·: ;..: I I E ( 6 , l . J l ...o ·-' r I ( I l , V ~) I ( I l , '-- :: T ( I l , >. ..: ( l l 
1uu3 FOI~•·;AT(4Fl.2.5l 

l iJ C 0 1.; T I ~~ U E. 
l·:···i=l'\1'1+1 
IF ( :·1,.;-,.,) lv\... 'lvJ' l J 1 

lv1 STOP 
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2) CALCULATi:U1~ uF Tht.:.Oi--<ETICI\L Hl.i\T Ti--\Ai'l::,FEI-< LllfiAI'.Ci:>IL:\T RATIO 
AS A Fui\CTIOI'~ UF THt:: GPV 

c u .. TEG•'f\TIO,\ OVE;.;; u,.;E cYcLe: JSE.S A Trilf~D vH.JEI< iWi,:::Jt: ,,uTTi\ 
t X=PH;.\..3E f\,\lGLE If~ ,F;/,DI.~i'<S 
c H = I i;( i' E' '' E I J T l;\ fJ h h.::, L A;~ G L t: 
C XF=Fli\IAL V/\LuE OF Pfif\.Sl A«GLE 
C Y=UP0/~..-;:,T=t.:.,.rlA:•CEr·.t::..\T GF ...;\/L:i\ALL ril::.;\T h\f,,~Stl•< Cvl::.FFlCit::.:•.T c.iul T...! 
C PULSA T I C:i·l 
C A iv1 P = D P V = D I , ., E ~~ S I CJ;·J L E S S f.' U L S /\ T I G i'l i~ A T I U 
C A= SHt:.LL ~:,L_.,t_ tiEAT Tr\/~.;SrL.i< r<:C:::.;r.::,r;:,,;CE 
C f:l= 1\lui-.: VA•~Yl1\G FAClC!i"\S I,~ Tht: rllr·1 .SIJC. ilt:AT TI'\J-\1\.::iFt:.r< Cvc.r"rlc..It.,,T 
C VST=i·,::. . .;;\; :..:,TE.L..DY ST;\TE V[LvCITY Ii~ FlLT 1-T.< SECG:iD 

REAU(:;,<;;9<;;) ,., 
'-3 9 9 F Ui\, ,AT ( I 5 l 

N=l 

1 •-.; lJ v FOI:;;:·;A t ( 1 H 1 , 4 H TEST , l X, 5 riC Y C L E, 5 >-;, 6HU ~...:AT I U, 7 X , 3 HDP V l 
READ(5,2Gv0)A,VST 

2 0 G u F U 1\ ,-:,A T ( :::: F 1 \; • v l 

cALL ,:;; K ( J\ ' D ' i\ ) 
N=N+l 
IFU~-,.,) 2•~,h2._j,2Gl 

201 STOP 
END 

SUtli,OvTii,E ,,,:_(A,~,;·,) 

YVAL ( Y 'l<l ,,<2 ,~:;3 l = Y+H.;< ( rd+L+. ::1<2+id) /6. 
F 1 ( J\ , y l = ( l • I i 1 • + ( ( ( ( ;, c ;::; ( l • -r ( .A,·, t-> '~- ( :..:, I , • ( X l l l l l o:· ::- - '-' • J l - l • l I 

+(l.G+(A/cl 1 l l J;6.2s~z 
X=v• 
Y=U. 
H=U.LJ168 
XF=S.2832 
A;viP= 1 • v 

f\IS= ( XF+.vlt.Jo) IH 
lvl i-lU .l.VV l=.J.,;,;::, 

Rl = Fl(X,Yl 
r~z = Fl!(X-r:ii2.J 

Y = YV/\L(Ynd,r~z,l~:3) 
X=X+:-1 

lvu COi'iTI:,uE. 
,JF< I T c. ( 6 ' 3 v v •) ) I ; ' X ' y ' A: I p 

JvL.v FC,-<.·,f\T( l:...drlv.4) 

X=O.C 
y = 0. () 
A,,iP=A•·;P+G. 5 
IF(A~P-5.0) lul,1U1,lv2 

102 RETUR/~ 

END 
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3 ) CALCULt,TF;r~ '-'F ,<C:SJL TS Fui-\ Tr-1E PuLS/'diOr~ TESTS 

C :·,=hU,,,t)E,-< uF TESTS \dTh OirFLi'C:'d FLvv;r<ATES f\.,iJ sTf:;,,., Pf~ESSUr\t:S 
C ~>IEAI·di,G uF Cvi,ST;-\hTS A:lLJ vA,-<Ii\ulcS Ai-<C: The s,\,,,t A~ Iil STt.11vY ST;dt.:: 
C UPu=HC:;-\1 H<M~SFC.r\ COEFFIUL,,T I,·J PUL SLD FUJ 1,-; ul<t,Tiu=u~J/l_,..;T 

C i";PV=i-,;},XL'·:J,i FLUCT:.J;\TIG;l I:, 1-JULS/',Tlur'' VELOCITY 
C STIW=SL<Gr-:.E ( IfKHESl FRE-..>~=Fh;[,JUE:'~CY(CYCLES Pti-< rilf1• J 

TDI=.527/12. 
TD0=.6251l2. 
TL=j7./l2. 
Tr~=4. 
A II T = T L .;: ( ( f u I + T J u ) I 2 • l ;; 3 • i. '-'- 1 c:_, '·' l , , 
A X T = 3 • 1 <'t i G.;;- f .__, I :: T C:.: I ic T. , I 4 • 
RD=Z./12. 
AX I-\= 3 .1 Lt16<-!~ !Jo<-1\D I Lf. 

CP=l.C 

C C A L C J Ll\ TI U : ,, 0 F ~ T E ;\ D Y S T J\ I l V 1\ L U [ S 
i=<t:::AU(5,'"':J0) ;., 

'-J'-J-J Fvh:,.: . .:.. T (I:_, l 
lvJ "RITC:(6,'-J::Jl ,.,, 
998 FQ;\.·.AT(1r-il,o:IT[___,T ;,:::;.d51/l 

\" f\ I T E ( 6 ' 1 ',_; "' '--' l 
1 v .J 'v F 8 :-..: '.I;:, T ( l h ~ ' _-_, ;< ' 3 h c._, s T ~ 7 X ' ::: ;--; .: ..) T I / ) 

I~E/\D(5,1v·-2l T~,Tc,rr ,_,f 
lv02 FQ,:.;,,;\T(4Flv.L+) 

T E L ~~ = ( ( T S - T I l - ( T S - T 0 l l I L u CJ F ( ( T S - T I l I ( T S - T 0 l 
VST=0F/162.4*AXT*6J.l 
US T ::: ( ,;F -;:- G ~· • ;, 0' -><- ( T 0- T I l l I ( T E L:·l ;:- f H T ) 
~RITE(6,l~J3l U~T,VST 

h v 3 F C;. ,::.. T ( 2 F l.J • S l 
I·-~ 1 -~ 1\, = j_ 

C ~-,~;·--.=-.. 0,:~-r:..· ·._~;-· ~I~F~;-zt:;j.T S;_~,,~.:~_:_ ~/· .... L~ 1 ·;f~2, T~:JIC 1 _> 

r-<. E .~ . .__., < -;; ' '-; ~ ~- J . ' , 

2Uu i~EAC(:),lUull ;; 
1 u u 1 F (; ,,; •I A T ( I ::> l 

WRITE{6,lj2_,__,J 

·.,- ,A , / _ , , ' T" - : -~' 

;\.C. r\ :_...,- \. :_.., ' ..L '-" '-t- ~ i 1 v ' ...; ! , '·v ' i- , ... , ~ V 

f ; _: r ~ . 
T::. ~ -. = ( ( r ,_)- :- I ) - ( T -S- i -- l ) / \.._-- .: F ( ( T ·_- : : ) l ( T ~- T ,_. ) ) 

U ~~ f\ T I cJ :::: u r~ J / J :s T 
D P V = X . r \/ I V ::·. T 
,,; :-\I T E ( 6 , l ·~· _) - l I ~ '·-· S T , o' ,"' • 1 • i·, T l u • \J :; T • ;: P \/ , ':• f-l \J 

lv3v FJR ATII6,2~i~.~,4~l~.~l 
lv Cur.TI:·,uc 

f': j-~ i·i = i-: , .. ,,\, + 1 

2•Jl ,•,,•,=:_,;+1 
I F ( r ·, >1- i'i l 10 ,_ , 1 u u , 1 u 1 

101 STGP 
Ei'•iD 



C NA=NU:-~oLi\ OF SETS OF UAT/:, 
C i~=i·lu:-iJE,-\ OF uAT.L, POI;dS r;, f-.. .::-C.T 
C A=I~TERCEPT 

C B=SLOPE UF LINE 
C X= DEPE;H)GH Vi\1-.<I/\uU: 
C Y= INDEPENDENT VA~IA~LE 

DIM~NSIU~ Xilvv), Yliu~l 

NN=l 
R t: A :) ( 5 ' l v ) I 'Ji-\ 

1 v F 0 ~>i 1-\ T ( I 5 l 
1 u u ;H\1 T E I 6 ,l u l u I ~-~ f ~ 

l G l u F C i\, •. /1 T ( 11 , l ' ::; / ' 8 .-: T c S T N 0 • ' I 5 I / l 
,-.;F<ITE(6,1uvL+) 

1u ~ 4 F 0 :~ , AT ( 5 X , 1 Hi\ , 9 X , l H U , ')X , ;~ i : S X , d X , 2 h :3 Y , d X ' 3 1-: S X Y , 7 X , 3 f ! :; X X I I ) 
1\ E A D ( 5 , l v I :•, 
READI5,2vl lXlii ,I=l,Nl 
READ(5,2ul IY(IJ,I=l,~l 

2u FOi~,::l'\ T I 6F: lv. v l 
SX=~.CJ 

SY=..;.G 
SXY=v.,) 
SXX=O.O 
D 0 3 0 I = l , i-l 
S X = ·-" , + X i I l 
SY=SY+Yill 
SXY=~XY+X(ll*Y(I l 
SXX=.._)XX+X (I l -J.'X I I l 

3u CO:'~ i lr•JUL 
o= ( :•"·:::>X 1--..;,.;.,.._)y l I ( :.;-><-.;),<,\--..;.,•··..,);._ 

.". = ( S Y - ~ -:<- _: X l / i ; 
\~f--(1 fE (6, 1 ;J:J I 1-\,d,SX,.._)Y,SI-Y ,sx>~ 

1005 FC~ Afi6F10.6l 
AA=l.v/1-1 
bB=1.U/t~ 

~RITEi6,2~~- l ~~,GS 
i. v v v r= v :'(. ·, 1:1 i ( c:' I . l v • '+ ) 

~.: 1\_' = ~' .. : + l 
IF(r\,\-;\1:.,) 1"~-,l•u ,ll, 

llt- STC·P 
E\D 
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APPENDIX II 

ESTIMATE OF THE TUBE SIDE HEAT TRANSFER COEFFICIENT 

The Dittus-Boelter Equation was used to estimate hf 

as a function of VsTo.8. The equation is given in reference 

(9) for fluids being heated as: 

-hD- DG o.SAC 0.4 
k - 0.023 ,A 7 

where h = hf, G = VsT e 
For all the tests the inlet water temperatures to the heat 

0 0 
exchanger ranged from 52 F to 68 F and outlet water ranged 

from 92 °Fto 174°F. The physical properties<S) were 
0 

therefore taken at the average of the two extremes or 72 F 
0 

and 121 F. 

Average 1-later Temp. (oF) 72 121 

k (BTU/hr. ft. °F) 0.355 0.369 

A (lb./ft. hr.) 2.31 1.32 

Cp {BTU/lb. °F) 1.00 1.00 

D (ft.) o.0437 0.0437 

(' (lb./cu. ft.) 62.4 62.4 
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0 
At 72 F 0.8 

k {>VsTD A Cn 0.4 h = o .• o23- -= 
D ../< k 

= 0.023·3~5 (791) (2.12)V8T0.8 .o 37 

- o. 8 0 
= 319 VsT BTU/hr. sq. ft. F 

and B = 1. 0/319 = 0.00313 

At 121 °F 

h = 0 .. 194 (1250) (1.67) v8 T0 • 8 

~ 406 VsTO.S BTU/hr. sq. ft. °F 

and B = 1. 0/406 = 0.00247 
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APPENDIX III 

COST ESTIMATE 

An estimate of the capital and operating costs of 

a "water blow" pulsation unit has been done. The costs 

have been calculated for two flows of water i.e., 10 and 

1,000 cfm. The following assumptions were made: 

i) the required Upu/UsT • 1.4 with a DPV : 4.0; 

ii) air requirements will be 4.0 scf air per cu. ft. 

water; 

iii) maximum pressure in the surge volumes will be 

10 psig.; 

--
iv) pulsation frequency (F) : 30 cycles/min.; 

v) air at 70 psig is used for pulsation. 

The cost estimating technique of Guthrie(ll) was 

used: 

A) For 10 cfm of Water 

Calculation of surge volume sizes. 

The liquid surge volume (Vw) required can be calcu-

lated from the equation: 

Vw = DPV X v I 1'1' X F = 0.212 cu. ft. 

The total surge volume (VT) can be obtained from 

the two equations: 

VT : VA t Vw ( 8) 

and Po VT 1.4 : PA VA 1.4 (9) 

92 
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where .VA •. surge volume occupied• only air. 

initial surge volume pressure = 142 psi~r 

final surge volume pressure : 25.7 psia, •. 

~he solution of equations (8) and (9) yields a value 

of: 

= 2.1 cu. ft. 

Calculation of compressor requirements. 

The flow of air required is 4.0 x 10 • 40 scfm. 

Using equation (9) the flow of compressed air at 

84.7 psia 

vl = 11.4 cfm 

The adiabatic horsepower can be calculated from 
(B) 

equation (10): 

Horsepower = 144 k 
33,000 (k - u 

where k : ratio of specific heat of the vapor, 

Assuming the compressor is 80% efficient 

Horse power • 2.10 
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EOOIPHENT OOSTS: 

Pressure Vessels: - two - 2.1 cu. ft. each. 

(Carbon steel, 50 psig., escalation at 6%/year) 

Base cost - $500 x 2 = $ 1,000 

Expected cost (mid 1970) - $1000 x (1.06) 2 = $1,220 

Base Module Factor - 4.34 

Base Module Cost - $1,220 x 4.34 = $5,300 

Air Compressor: 

From a direct quotation (10 cfm compressor -100 psig) = $ 480 

Field Installation (14 and L) $480 x 1.60 

Norm indirects at 29% - $768 x 0~29 
Base Module Cost 

Total Base Module Cost $5300 + $990 

Contingencies at 15% of $6290 

Capital Cost 

OPERATING OOSTS: 

Assume i) Maintenance at 4% of capital cost. 

ii) Power available at $10.00/1,000 KWH. 

= $768 

= 222 
$ 990 

= $6,290 

= 945 

= $7,235 

Power - 2.10 x ~~ x 365 x $lO.OOx:6.746/l,OOO = $137/year 

Maintenance - $7,235 x 0 .• 04 

Total 

Total Cost per cfm flow of ~mter per year 
(Assume straight line depreciation at 10% of capital cost) 

= 289/year .-
$ 426/year 

($7,235x G.l +$426) /10 = $125.00/cfm of water per year 
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B) For 1,000 cfm of water 

Calculation similar to (A) above given the following: 

Liquid surge volume size Vw = 42.4 cu. ft. 

Total surge volume size VT = 207 cu. ft. 

Flow of compressed air vl = 920 cfm 

Horsepower required = 168 

EQUIPHENT OOSTS: 

Pressure Vessels: 

(carbon steel, 50 psig., escalation at 6%/year) 

Base module cost (mid 1970) = $39,000 

Air Compressor: 

Unit cost - $2,900/cfm 

(920 cfm, size exponent - 0.28, linear factor F1 = 7.0) 

Expected equipment cost (mid 1970) $2900 x 7.0 x (1.06) 2 = $22,800 

Field Installation (M & L) $22,800 x 1.6 = $36,500 

Norm Indire ts at 29% - $36,500 x .29 = 10,600 

Base Hodule Cost $ 47,100 

Total Base Nodule Cost - $39,000 + $47,100 = $ 86,100 

Contingencies at 15% of $86,100 = 12,900 

OPERATIHG CXlSTS: 

Power 

Maintenance 

Capital Cost = $ 99,000 

Total 

$ 10,980/year 

3,960/year 

$ 11+, 940/year 

Total cost per cfm flow of "trater per year 
(assume straight line depreciation at 10% of capital cost) 

($99,000 x 0.1 + $14,940) /1,000 = $24.94 of water per year 
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