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Nomenclature 

a - coefficient of Re in Nu vs Rr. and Pr correlation 
A - inlet manifold location 
A, - channel normal area = hew, 
A, - flow noma1 area - nh,w, 
A,, - specimen normal area - L-W 
A,, - wetted wall area (total wall area exposed to fluid) - 2n!~,+h,)L 
b - coefficient of Pr in Nu vs Re and Pr correlation 
0 - outlet eanifold location 
c - leading coefficient in Nu vs Re and Pr correlation 
cp - specific heat at constant pressure 
4 - specimen hydraulic diameter - 2wchc/(wc+hc) 
f - friction factor 
fq - heat flux distribution function 
C 
h = heat transfer coefficient 
h - enthalpy 
h, - height of channel 
k - thermai conductivity 
L - heated length of specSmen 
m - MSS flow rate 
m, - mass flov rate per channel 
n = number of charnels 
Nu - Nusselt n d e r  - h e w  
ICs- modified Nusselt number - Nu- (TJTf)O-’’ 
P - pressure 
Pr - Prandtl nunber = p-c+ 
q, = local normal heat flux 
Qp,- fraction of tota; heat flow on specimen added up to position x - integration af furnace calibration function fq, 0 t o  x 
Qr = total heat transfer to specimen 
qr - local heal f ; w  (hefit flow per unit area) into the cooling f l u i d  based 

on total wette3-wall area of the specimen 
r - recovery factor - pr113 for turbulent flow 
Re - Re-olds num5er - p”4JIr  
T - temperature 
T, - cooling fluid adiabatic wall temperature 
TI - local bulk fluid temperature 
T, - specimen wall temperature 
V - velocity 
V, .I heater voltafe 
W - width of specimen 
w, - width of channel 
U, - uncertainty in friction. factor 
W, - uncertainty in heat transfer coefficient 
Unu- uncertainty in Nusreit number 
WG- uncertahty in totel heat trarlsfer 
Ura- uncertainty in Reynolds nlmber 
Wtr-  uncertainty in fluid temperature 
Ut“- uncertainty in wal l  temperature 

- mass flow rate per unit flow normal area in channel - mJAE - pV 

vi i 



x - position coordinate parallel to flow direction 
y - position coordinate perpendicular to flow direction 
@ 
p - d-ic viscosity 
Y -- k i n e z s a :  viscosity 
p - density 

- coefficient of thermal expansion 

0 
1 

- location where heating begins (x/ti)) - location where heating ends (x/Gl) 

viii 



Heat Transfer in a Compact Heat Exchanger Containing 
Rectangular Channels And Using Helium Gas 

Douglas A. Olson 

Chemical E q i n e e r i n g  Science Division 
National I n s t i t u t e  of Standards and Technology 

Boulder, CO 80303-3328 

Abstract 

We have constructed a compact heat  exchanser co t s f s t ing  o f  12 
p a r a l l e l ,  rectangular channels i n  a f l a t  piece of c o m e r c i a l l y  
pure nickel .  
top s ide  a t  heat  f luxes of up t o  77 U/cd,  insulated on the back 
s ide ,  and cooled with helium gas flowing i n  the channels a t  3.5  t o  
7 . 0  MPa and Reynolds n d 6 r 8  of 1400 t o  23 900. 
f r i c t i o n  f ac to r  was lower than t h a t  of the accepted co r re l a t ion  
f o r  f u l l y  developed curbulent flow, nithough our uncertainty was 
high due t o  uncertainty i n  the channel height  and a high r a t i o  of 
dynamic pressure t o  pressure drop. The aeasvced Nusselt nunber, 
vhen modified t o  account fo r  differences i n  i l u i d  proper t ies  
between the wall  and the cooling f l u i d ,  agrctd with pas t  
cor re la t ions  fo r  f u l l y  developed turbulent  flow i n  channels. 
Flow nonunifornity from channel-to-channel was a s  high a s  12% 
above and 19r below the mean flow. 

This channel specimen was rad ia t ive ly  hehted on the 

The measured 

Kf-y words: apparatus; compact heat exchanger; convection heat  
t r ans fe r ;  f r i c t i o c  f ac to r ;  high temperature: National Aerospace 
Plane; rad ia t ive  furnace; rectangular channel; turbulent  flow; 
var iab le  property e f f e c t s .  

This work was supported by NASA Langley Kesearch Center under contract  L74c)OC. 
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-- 
- \  -? 1. Introduction s",J. $-'< 

'- . 
ADevelopment of a National Aerospace Pbne (NASP), which will fly at 

hypersonic speeds, requires novel cooling techniques to manage the anticipated 
high heat fluxes on various components.(Shore, 1986). The problem that 
motivates this work is cooling of the engine struts. 
heating associated with the combustion of the hydrogen fuel, along with 
thermal radiation from the fuel combustion, the engine struts are expected to 
receive a normal heating load in excess of 2000 U/cmz (Scotti et al., 1988). 
NASA plans to cool the struts by attaching a cooling jacket heat exchanger to 
the surface facing the high heat flux. 
cooling jacket and absorb the heat before entering the engine. 
anticipated conditions are that the hydrogen gas will enter the heat 
exchangers at 56 K and 6.9 HPa (1000 psi), and exit at 890 K and 4.8 HPa (700 
psi). 
perpendicular to the flow direction to add minimal weight and thfckness to the 
struts. 
transfer, which will reduce the exchanget temperatures. Reynolds numbers are 
expected to be in the range 10 000 to 30 000, with the variation due to the 
flow rate and the specific design of the flow passage. 

I 

Due to serodynamic 

Hydrogen gas will flov through the 
The 

The heat exchangers are expected to be thin (6 mc: or less) 

Small flow passages will also produce high rates of convective heat 

In order to test heat exchangers developed by NASA, we constructed an 
apparatus which can provide helium gas flow and a well-characterized heat flux 
to R heat excnanger specimen (Olson, 1989). This apparatus was first used to 
test a "tube specimen", which consisted of 20 nickel tubes, 1 mm ID, lying in 
parallel on a nickel base plate (Olson and Glover, 1990). For turbuient flow 
in the tube specimen and normal heat flux of up to 54 W/cm2, the Nusselt 
numbers we measured were in good agreement with the Nusselt numbers for flow 
in a single tube vith well-characterized boundary conditions. 
present the experimental results of a second possible heat exchanger 
configuration for the NASP cooling jacket. 
the flow apparatus, namely a new furnace, which reivced the experimental time 
constant. 
through which the helium flows. A rectangular channel has been proposed as a 
possible configuration for the NASP cooling jacket (Scotti, et al., 1988); the 
flow passage geometry of our specimen was chosen for ease of fabrication and 
instrumentation rather than for optimal thermal performance. The length and 
width of the specimen, flow manifold connections, and instrumentation were 
identic61 to those of the specimens to be constructed by NASA. 

In this work we 

We also describe a modification to 

The specimen tested here has 12 parallel rectangular channels 

2. Description of experimental apparatus 

The description which follows is based on Olsoil (1989) and Olson and Glover 
(1990). The apparatus was designed to test a subset of the conditions 
required for the NASP application. Those conditions are (1) a heating rate of 
0 to 80 W/cmZ; (2) an inlet temperature of 300 K; (3) a cooling-gas pressure 
of up to 6.9 MPa at the inlet; and (4) an outlet temqerature of 810 K or less. 
We chose helium as the coolant gas because of the similarities in specific 
heat, thermal conductivity, and dynamic viscosity to the corresponding 
properties of hydrogen. In addition, helium does not have the explosive 
hazard of hydrogen. Because of the property similarities, the Reynol: 
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number, Prandtl  number, and temperature rise from specimen i n l e t  t o  o u t l e t  can 
be matched between helium and hydrogen. 

I apparatus 

The helium flow apparatus i s  shown i n  f igure  1 ,  with the d e t a i l s  of the 
srecimen fxAmace sec t ion  i n  f igure  2 .  Helium gas a t  1 7  MPa (2500 ps i )  o r  l e s s  
was ;.:.)plied from a tube t ra i ler  outs ide the laboratory.  The tube trailer 
corriained 1100 m3 of gas (STP). With valves 1 and 2 open, gas flowed from tha 
t r a i l e r ,  through the i n l e t  piping,  and w a s  f i l t e r e d  before en ter ing  the dome- 
loaded pressure regulator  (valve 3) .  The regulator  se t  the flow pressure 
downstream of the regulator  t o  the value of an ex terna l  cont ro l  pressure,  
e i t h e r  7 MPa or  3.5 MPa (500 p s i )  f o r  these experizents.  

Within the furnace ( f i g .  2 ) ,  the  gas flowed i n t J  an i n l e t  d i s t r ibu t ion  
manifold which d i rec ted  it t o  the hea t  exchanger specimen. A s imi la r  
d i s t r i b u t i o n  manifold co l lec ted  the gas ex i t ing  the specimen and d i rec ted  i t  
t o  the o u t l e t  tubing. Gas pressure was neasured a t  the pressure t a p s  a s  shown 
a t  loca t ion  0 ( s t a r t  of heated zone) and a t  loca t ion  1 (end of heated zone). 
The specimen w a s  located i n  the t a r g e t  a rea  of the  furnace (7.8 cm wide by 
15.2 cm long) ,  which del ivered rad ian t  hea t  t o  the  specimen and ra i sed  the 
temperature of the helium as it flowed through the  specimen. 

The furnace consis ted of a h igh- in tens i ty  inf ra red  r ad ian t  hea t e r ,  
surrounded bv highly r e f l e c t i v e  w a l l s  which r e f l ec t ed  the  hea t  from the heater  
t o  the specimen. The r e f l e c t i v e  wal ls  were made of 6 .4  m t h i ck  aluminum 
p l a t e s ,  polished on the inner surface,  with a water-cooled cooling jacke t  
soldered t o  the outs ide.  This " r e f l ec t ive  furnace" replaced the furnace of  
re f rac tory  wal ls  which had been used f o r  t e s t s  on the tube specimen (Olson and 
Glover, 1990). The hea ter  contsined s ix  high-temperature inf ra red  lamps 
mounted i n  an aluminum housing. A phase-dngle power con t ro l l e r  which used 480 
VAG, s ingle  phase, and 75 P, a t  maximum vol tage ?owered the hea ter .  

Downstream of the furnace sectior, ,  the  hot  gas flowed through a cooling 
c o i l  immersed i n  a water bath.  
the bath o u t l e t  by val.ve 4, which a l so  dropped the  gas pressure t o  atmospheric 
pressure.  Beyond the valve,  we measured helium flow r a t e  with a heated-tube 
thermal m2ss flow meter. 
outs ide the laboratory.  

The r a t e  of gas flow was manually adjusted a t  

After ex i t i ng  the flow meter the gas was vented 

2 . 2  Charnel pecimen 

The channel specimen is  shown i n  f igure 3. I t  ccnsis ted of 1 2  p a r a l l e l  
flow channels milled i n  a lower p l a t e  of commercially pure nickel  (UNS 02200), 
with a cover p l a t e  of the same nickel  brazed t o  it. The gas was d i rec ted  in to  
the channels by the i n l e t  manifold, flowed down the channels, and was 
co l lec ted  i n  the o u t l e t  manifold. He-ting was from the top i n  f igure 3 .  The 
channel width and height  wt:e 3.18 mill and 0.56 mm, respec t ive ly .  
between Ghannels was 3.18 mm wide. The lower p l a t e  was 3.12 mm thick and the 
cover p l a t e  was 1.93 mm th ick ,  f o r  a t o t a l  thickness of 5 .05  mm. The specimen 
was 7 . 8 6  cm wide and 1 9 . 1  cm long. The pressure taps were tuhes,  1 . 5  mm OD 
and L.0 mm I D ,  brazed in to  holes penetrat ing one of the channels,  

The ridge 
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The cover and base p l a t e  were cu t  t o  s i z e  and the channcls mll led a t  NIST. 
The cover p l a t e  w a s  brazed t o  the base p l a t e  a t  NASA Langley Research Center 
i n  a vacuum oven using a braze a l loy  f o i l  of 50% gold,  25% pallaJium, and 25% 
nickel (AMs-4784, 1394 K l i qu idus ) .  Pr ior  t o  brazing, the  inner facing 
surface of both p l a t e s  was lapped t c  a f l a t n e s s  of 20.01 mm. Figure 4 shows a 
sketch of an x-ray o f  the specimen a f t e r  brp-zing. The f igu re  shows t h a t  large 
braze f i l l e t s  formed i n  4 of the 1 2  channels, which p a r t i a l l y  occluded the 
flow passages. 

The asseabled specimen w a s  brazed t o  s l o t s  i n  the i n l e t  ano o u t l e t  
manifolds using a braze a l loy  of 82% gold and 18% nickel  (AMs-4787, 1223 K 
l i qu idus ) .  The pressure t ap  tubes were brazed t o  the srcc:nen during the  same 
braze cycle.  We pressurized the  manifold and specimerr t o  10.3 MPa (1500 p s i )  
p r i o r  t o  i n s t a l l i n g  the  instrumentation, and there  were no leaks .  We painted 
the  top s ide  of the specimen ( the  cover p l a t e  c i + j  a f l a t  hlacl. over the  15.2 
c m  length,  zo e s t a b l i s h  a uniform and hipLlly absorptive surface over the  
heated area. The pa in t  was r a t ed  t o  1 f V O  K (1350 OF). 

2.3 Instrumentation 

We measured the  temperature of the gas i r  the  i n l e t  and o u t l e t  manifolds, 
gas pressure i n  the specimen. specimen temperatures, and the  aforementioned 
gas flow rate .  'The measuremen technique and unce r t a in t i e s ,  along with the 
gas property unce r t a in t i e s ,  a r e  summarized i n  t a b l e  1. 

be e' termined the  d i s t r i b u t i o n  of heat  f l ux  o r  :he specimen by c a l i b r a t i n g  
tt 
Jr . a s  the  l o c a l ,  normal (perpendicular) heat  f l u x  a s  ai funct ior  of 
k - s - t i o n  over the furnace tLrget.  The heat  f l u x  was constact  i n  the  d i r ec t ion  
perpendicular t o  flow ( y ) ,  and var ied by no more than 27% i n  the  d i r e c t i o n  
p a r a l l e l  t o  flow (x) except within 6% of the end w a l l s .  Detai ls  of the 
furnace c a l i b r a t i o n  a re  found i n  appendix A .  

lace p r i o r  t o  in se r t ing  the  specimen. The haat  f lux  d i s t r i b u t i o n  was 

The gas i n l e t  and o u t l e t  +emperatures were . .asured with platinum 
resis tance thermometers (PRTs), 5 . 8  mm diameter, i n se r t ed  ir +he gas manifolds 
a t  locat ions A and B of f igure 2 .  
i n  the  specimen with a vsr iable-reluctance r.-essure transducer which had an 
output of 5 . 6  MPa f u l l  s ca l e .  
1 i n  the  specimen was measured with a d i f f e r e n t i a l  pressure transducer,  a l s o  a 
var iable-reluctance type with a:! output of 140 kPa (20 p s i )  f u l l  s c a l e .  

We measured the  gas pressure a t  locat ion 0 

Difference i r r  pressure between locat ions 0 snd 

We measured specimen temperatures with thermocouplEs made from type-!? wire,  
with a wire diameter of 0.25 mm. We spot-welded 25 thermocouples t o  the s i d e  
opposite the radiant  heat  f l ux  ( in su la t ed - s ide ) .  The heated-side temperature 
was measured a t  7 locat ions with type-N thermocouples mouiited a s  shown i n  
f igu re  3 .  Two holes ,  0.33 nun diameter, were d r i l l e d  1 . 2 7  nun on-center through 
the ridge between the channels. The holes were back-dri l led t o  within 0.20 mm 
of the  surface with a 0.57 nun diameter d r i l l .  We spot-welded each wire o f  the 
p a i r  t o  the heated surface,  with the  lead extending out the hole on the 
insulated s i d e .  The thermocouple c i r c u i t  was completed by the  specimen 
mater ia l  between the two wir rs .  A quartz s leeve,  0.48  mm outer Gigwcer ,  was 
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inser ted o-.er the sire i n t o  the hole t o  e l e c t r i c a l l y  in su la t e  the wire from 
the wall of the  hole.  B e c a ~ t z  a portion gf the specimen w a s  removed arid 
replzced by wire plus  quor t r ,  . c'n of which ha2 a therm;,l conducti-.it:; lover 
than t h a t  a f  the specimen. mounting the thermocouple loca l ly  increased 'tie 
specimen temperature. Y e  estirnhted the magnitude of t'iis temperature r ise  
from a finite-elemenE analysis  a s  2 - 5  K a t  a radiant ).eat f lux  of 50 Z/cnt-. 
Tenperhtures measured with the insulated-side thermocouFles were used t o  
determine the  heat  t r ans fe r  coeffi : ient,  as the i n s t a l l a t i o n  technique d id  pot 
d i s tu rb  the specimen temperatures and conduction errcrs w e z e  i n s i g n i f i c a n t .  

A l l  thrmoc-mples vere connected t o  an isn:heumal reference box. U e  
measured the  temperature of the  reference box with a platinum res i s t ance  
tbmmeter. Copper conductor w i r e  connected the  reference box t o  the  data  
scanner. 
measurement (Olson, 1Y89). 

The connector box introdcced negl igible  errcr i n  the  temperat*-tre 

A l l  instrument s igna l s  w e r e  multiplexed through an automated scanner and 
measured with a d i g i t a l  voltmeter. 
v i t h  a personal computer through an  IEEE-488 bus. 
a hard d i sk  and copied t o  floppy d i sk  f o r  backup. 
SI  u n i t s  and the  data  analyzed a t  the completion o f  an  experimental run. 
s igna l  readings were converted immediately to SI u n i t s  and displayed on the  
video terminal EO assist i n  monitoring and operating the  experiment. 
included the measurement unce r t a in t i e s  introduced by the  d a t i  acquis i t ion  
sys tem i n  the s t a t e d  unce r t a in t i e s  of each sensor.  

The scanner end voltmeter were cont ro l led  
iiaw s i g n a l s  uere s to red  on 
Signals w e r e  converted to  

Some 

Le ha-.-e 

3 - Drscription of experiments and anaiysis  techiiques 

3 .1  Lxperiments conducted 

A conditions f o r  the nine experiments conducted v i t h  thc :hannel specimen 
in the  hell- flow apparatLs a r e  summarized i n  t ab le  2 .  Also l i s t c d  are the 
v..lues f o r  the  geometrical pararneters required f o r  the  da t a  ana lys i s .  Table 3 
lists values fo r  a l l  the  measured and calculated parameters a t  each da ta  point 
f o r  each experimen:. Tests were conducted a t  syscem pressures of e i t h e r  3.5 
HPa (500 p s i )  or 7.0 MPa (1000 psi). In  experiments 1 and 2 .  we t e s t e d  a 
range of hel iua  flow r i t e s ,  without heating the specimen, t o  determine the 
f r i c t i o n  faccor .  In  experimsxits 3 t o  9 .  we varied the heater  lamp voltage t o  
vary the r a r e  of specimen heating; a t  each heat ing r a t e  a range of helium f l o v  
r a t e s  was t e s t ed  up t o  41 kg/h. The range i n  Reynolds number was i 4 O C  t o  28 
000, while the  range i n  normal heat  f lux was 0 t o  77  W/cm2 (68 B t u / ( s . f t 2 ) ) .  
The minimum i i l e t  gas temperature was 2'91 K (64°F). while the maximum gas 
s u t l e t  temperature &as T10 K (818°F). The maximum specimen temperature we 
meast-red w a s  784 K (951°F). 

Because of the high heat f luxes generated by the furnace,  we cili*efuL?y 
followed a procedbre +o prevent overheating the specimen during experimental 
s e t -up ,  run, and shut -dwn.  With inadequate helium flow t o  cool the speci-en. 
thz furnace is capable of heating the specimen beyond the melting point o f  :tic. 
brazing a l loy  and the nickel ;  with an internal  pressure o f  3 . 5  MPa o r  greater 
t h i s  could e a s i l y  rupture the specimen. We always s t a r t e d  helium flow befo re  
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turning on the furnace, and we maintained helium flow after the furnace was 
turned off. 
control pressure on valve 3, and cracked open valve G (see fig. 2). We opened 
valve 1 and verified that the tu*& trailer pressure was at least 25% above the 
desired systerr pressure. 
establish the helium flow. 
lease 5 kg/h. Next, we turned on the furnace heater lamp to a low voltage 
(loti while monitoring temperatures. 
the desired setting. and the helium flow was increased if necessary t o  provide 
sufficient cooling. 

To set an experimental point, we closed valves 1 and 2, set the 

Then, we slowly opened valve 2 to full open to 
Valve 4 was adjusted to set a flow rate of at 

The 1aq1 voltage was then turned up to 

Before taking the first data point, ve waited at least 15 minutes with the 
herter lamp at steady pover to allow the specimen and manifolds to reach 
thermal steady-state. The reflective furnace reached t h e N t  steady-state in 
about 5 ain. but the outlet manifold had a longer time constant due to its 
large thermal capacitance, 
setting. 
adjusting valve 4. 
establish thermal steady-state before taking data, because a change of flou 
rate also affected gas, specimen, and manifold temperatures. 
finished taking data at one heater setting, we turned off the heater and 
reduced the helium flow to 5 kg/h or less. 
t:e furnace had cooled sufficiently, usually after about 10 min. 

We scanT.?d the sensors at least twice at each 
After sampling all the sensors. we changed the helium flow rate by 

At each new flow rate, we waited a minimum of 5 nin to 

After we 

We turned off the helium flow when 

An unsteady experimental setting could translate into errors in the 
calculated performance perameters. In the data analysis to follov. we have 
assumed the settings were sufficiently steady to ignore thermal transients. A 
steady setting was established by maintaining constant helium flow, gas 
pressure. ftirnace heatinb. and ga5 inlet temperature. All were held steady to 
within the uncertainty in the calibrations of the measurements. 
specimen tests (Olson and Clove-, 1990), we observed the inlet gas temperature 
to decrease due r.3 gas expansion. 
conducted in summer, the tubing between the helium supply trailer and the 
laboratory provided sufficient heat transfer to maintain a constant gas inlet 
temperature. 

In the cube 

Because the present experiments were 

For the experiments conducted, we analyzed the data to determine the heat 
transfer coefficient, h, and the friction factor. f. The heat transfer 
coefficient was expressed as a dimensianless nunher, the Nusselt number, Nu. 
A modified Nusselt number, N s ,  was calculated to include the effects of 
variations in thennophysical pioperties. which ve found to be significant in 
the tube specimen experiments. Nu and Nu, were correlated with the Reynolds 
number, Re. The parameters h .  Re, and Nu were calculated at each location of 
en insulated-side thermocouple. 

3.2 Friction factor 

The friction factor results from an integration of the one-dimensional 
aornentum equation Ln the flow direction: 
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where P .. 
G -  

- 
k -  

P '  
4 -  
V -  

D h -  
n -  
0 -  
1 -  

The f i r s t  term 

pressure ; 
mass flow ra te  i n  channel where preasure taps are  located per 
unit flow normal area 
W& - Pv; 
MSS flow race fr, churnel; 
density; 
ctunnel normal area - &we; 
velocity ; 
hydraulic diameter; 
number of channels; 
location of upstream pressure tap (x/L - 0 ) ;  
Location of dovastream pressure tap (x/L - 1). 

on the right hand side of the equation is the pressure change - 
due to  flow acceleration. and the second term is the pressure-drop due to  
f r ic t ional  effects.  
for experiments w i t h  heating indicated that the flou vas not evenly 
distributed in  the 12 channels. 
taps  was determined by the method described in  appendix B. 

Temperatures measured perpendicular t o  the flow direction 

The f low i n  the chumel v i th  the pressure 

If the chaqe  i n  density is small compared t o  the absolute density, and the 
pressure drop through the speciren is linear, then the integral  can be 
approximated as a constant and the resulting equation for  f 1s 

The density-change cr i ter ion was m e t  when &&re w u  no heating, but when the 
specimen w a s  heated the exit density was as small w half the entrance 
density, and eq (3) was not m l i d .  Hence, the f r ic t ion  factor vas determined 
for the t e s t s  v i th  no heating as a function of Reynolds number, where 

Io determine whether specircn heating had an effect  on the f r ic t ion  factor, 
eq (1) was integrated in  a sumacion fora from the in le t  t o  outler to  predict 
the pressure drop P,-P,, for the experiments with spechen heating. 
integral  vas evaluated a t  each locdtion where wall temperature uas measured, 
vith f found from the f-vs-Re corcelation of experiments 1 and 2 and the local 
density found from the gas temperature and pressure. 
drop was compared vi th  the measured pressure drop. 

f i e  

This predicted pressure 

3.3 Heat transfer coefficient 

The heat transfzr coefficient, h ,  is defined through the equation 

where q- - local heat flux (heat flow per unit area) into the cooling 
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f lu id  based on to ta l  wetted-wall area of the specimen; 
h - heat transfer coefficient; 
T, - specimen wall temperature; 
TI, - adiabatic w a l l  temperature of the coolira f luid.  

The adiabatic Val1 temperature is used in  &as flows whenever the kinetic 
energy is significant compared t o  enthalpy changes (Rohsenov and Choi, 1961). 
Friction can cause the local wall temperatwe t o  exceed the bulk f lu id  
temperature for an adiabatic specimen, and the adiabatic wall t trparature 
approximates th i s  effect .  I t  it defined as 

I, - Tf + rVz/(2c,), (5) 

where Tf - local bulk f luid temperature; 
r - recovery factor - Rrr’ for  turbulent flow. 

Adiabatic heating was as arch as 2 K. and was greatest for  the low pressure 
experiments at high €low rate and high heating rate.  The local heat flux i n  
eq (5) is expressed in  terms sf the to t a l  heat transfer to  the specimen, Qr. 
the to ta l  vetted w a l l  area, and the furnace calibration function. fq (Olson, 
1989). which is a dimensionless expression of the local noma1 heat flux: 

with & - vetted wall area - Pn(w,*)L; 
A,, - speciren heated a 0 ~ 1  area - L-W. 

The function f, is on the otder of 1, and if the heat flux were constant then 
fq would be 1 everywhere. 
with the thermocouples on the insulated side of the specimen. 
that wall conduction was negligible both i n  the flw direction (x) and 
perpendicular to  the flow direction ( y ) ,  and thus that  a t  each position the 
heut incident on the specimen is al l  convected into the fluid.  

The wall temperature used i n  eq (3) was measured 
W e  have assumed 

The heat transfer coefficiect ,  h, is in  terms of the temperature of 
the insulated w a l l ,  because that temperature was measured with the least  
;mcercainty. 
defined i n  terms of a solid-flutd interface temperature. 
was heated from OM side only urd the sol id  thermal conductivity w a s  f i n i t e ,  
specimen temperatures w i l l  vary between the heated side,  the insulated side,  
and the sol id-f luid interface. 
wall conduction resistance to f luid convection resistance) vas less  than 1, 
temperature variations i n  the s,..cimen should be much less  than the 
temperature difference between the wall and the f luid.  
conduction 6w.lysio using anticipated values of the heat transfer coefficient 
indlcatd that the wall teqmrature ( a t  the solid-fluid tnterface) varied from 
6.3 k greater than to 9 .5  K less than the insulated side temperature (for 50 
W / c d  bot side heat flux and h - 6400 W / ( d - K ) ) .  
temperature difference between the wall and bulk f luid of a t  least  67 K for 
the same conditions. 
insulated-side temperature to  JI solid-fluid interface temperature. 

Ye desire to  czmpare our results to  the l i t e ra ture  where h is 
Because the specimen 

However, because the Biot number ( ra t io  of 

A finite-element 

This compares with a 

No attempt was M ~ O  to extrapolate the measured 
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Combining eqs (5). ( 6 )  uwl (7)  and rearranging, we get  

( 8 )  h -  (%At) - fq 
f &- [ &+ ( rv2) / ( 2% Jz 

The flov-direction energy equation YGS J: :d t o  ca l cu la t e  Qt ( t o  follow).  
temperature T, was c8lculated using che 'Lou-direction energy equation along 
v i t h  the furnace ca l ib ra t ion  (also ?.o fi !low). 

Gas 

The total heat  absorbed by the s p h d m a  was ca lcu la ted  from the 
temperatures of the gas inlet and -Jut.lct, the helium f l o w  rate, and the gas 
pressure drop. 
furnace, as the  l o w  temperatures of the  t?f lect l*re  furnace made the term 
negl igible .  
to Sa (Olson and Clover, 1990). 

I t  w a s  not necessary t o  ad jus t  f o r  a hea t  leak t o  or from the 

I n  our previous work Kith d 9 tube specimen, the hea t  leak was 2 

where h - enthalpy; 
A - location i n  i n l e t  manifold of PRT; 
B - locat ion i n  o u t l e t  manifold of PRT. 

We neglected k f x t t i c  energy changes from A t o  B because they were 
insignificant compared t o  the  uncerta! xties of the  temperature measurement 
The change i n  enthalpy is given by 

where # - coe f f i c i en t  of thermal expansion. 

The spec i f i c  heat  is constant f o r  helium f u r  the range of conditions tes ted .  
The pressure term was included t o  account For the  s l i g h t  divergence from the 
ideal gas state for helium a t  these temperatures a r?  pressures.  
a t  A and B is estimated by assuming a l i n e a r  drop along the specimen and 
extrapolat ing the  pressure from 0 a t d  1. 
0.1% error i n  Qr. 
state for the  gas (HcCsrty, 1973). 

The pressure 

Thi.? assumption iqtroduces l e s s  than 
The i n t eg ra l  was evaluated using t i -  v i r i a l  equation of 

Combining eqs l 9 >  ,nd (10) y ie lds  for QT: 

The f l u i d  temperature, T,, was calculat  . d  by in tegra t ing  the f' 'w energy 
equation from the i n l e t  manifold up t o  *'le lcca t ion  of i n t e r e s t  (dt. ignated as 
x) ,  now including k ine t i c  energy: 
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uhere &. - fraction of total heat flov on specimen added up to 
- integration of furnace calibration function fq, 0 to x. position x; 

Since the transverse temperature measurements fa,- heated experiments indicate 
the f l w  has not split evenly into Che 12 channels, we calculate a local 
channel f l w  rate according to appendix B. 
velocity at x, given by 

The fluid temperature requires the 

The density is given by the equation of state (McCarty, 1973) as 

We assume the pressure varies linearly betveen 0 and 1: 

The maximum error in Tf introduced by our assumption of a linear pressure 
variation is less than 0.02 K. 

W i t h  eq (15) substituted into eq (12) to evaluate the pressure term, eqs 
(12). (13), and (14) form a system of three equations in the unknovns of 
temperature, velocity, and density. They were solved through iteration. 

With Tf and V determined at location x, the heat transfer coefficient was 
calculated uslng eq (8). The Nusselt number, Prandtl number, and Reynolds 
number were then calculated, with the transport properties evaluated at the 
bulk fluid temperature, T,: 

NU - h - v ,  
Pr - p-c,,/k. 

Transport properties were calculated from the functions given in rIcCarty 
(1972). The Nu, Pr, and Re performance parameters assume constant fluid 
properties at the location x. 
difference, viscosity and thermal conductivity varied between the wall and the 
fluid (variation was as much as 268 for the lowest helium flow in experiment 
8). Ve used the temperature ratio method of Rohsenow and Hartnett (1973) to 
correlate the data by calculating: 

Due t o  the large wall-to-fluid temperature 

N% - NU*(TJT~)~.”. 
Nu. was then correlated with Re. 

3 . 4  Uncertainty analysis 

Uncertainties for the calculated quantities were obtained by Taylor-series 
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error propqztion as described by ASHE (1986) This technique generally 
produces the same level of confldelace in a calculated result as the level of 
confi&ncc in the mersurmnts uhich contribute to the result [Kline and 
Hcclintock. 1953). 
parameters urd in the calculated quantities is listed in t&1a 4, 
valuer at the experimental points are included in table 3. 
contriwtor to the uncertainties in I,, h, and Nu w a s  the flow distribution 
uncer-ainty (that is, whether or not the flov had split evenly into the 12 
chnuels) , particularly near the exit of the cbunnels. 
nature of determining the chamel-to-channel flov distribution (appendix 81, 
ve assume there is still an uncertainty of S 8  after the adjustment is made. 

A sumary of the uncertainties in the data analysis 

The largest 
Actual 

Dua to the approximate 

4. Results of experiments 

4.1 Friction factor 

ExperLPents 1 and 2 (a0 heating) weye conducted to determine the variation 
of the friction factor w i t h  Reynolds rnmber (eq 3). 
variation in f vith Re along w i t h  a least-squares correlation of the data (for 
Re > 5000). 
taps vere located, according to the method described in appendix B. There was 
no dependence of f on the pressure level. 
relation for fully developed turbulent flov in a snooth tube, vhich according 
to Hartnett et al. (1962) is applicable ta turbulent flov in rectangular 
channels. 
(Olson and Glover, 1990). 

Figure 5 shows the 

We have adjusted the flourate in the channel where the pressure 

We shov the Karman-Nikuradse 

We also show the correlaticn for the results from the tube specimen 
These channel speciaen data are correlated vith 

f - 0.05058 - (18) 

The standard deviation of the difference betveen the measured and correlated 
values is 1.26%. 
correlation because the flow was either laminar or transitional. 

The points for Re < 5000 were not included in the 

Our measarid vaiues for f were about 27-308 lower than those of the 
accepted smooth-tube ccrrelation. 
friction factor was 17-188 for Re > 4000. 
increased due to the small pressure drop and large relative uncertainty of the 
pressure measurement. 
lower than the accepted correlation. The uncertainty analysis indicates that 
f a he'; hence the uncertainty in f is proportional to 3 times the uncertainty 
in h,. Without sectioning the channel specimen and rendering it unusable for 
future tests, it was not. possible to measure the channel hefght after the 
specimen was brazed together. 
ma; if he was larger by twice the uncertainty, then f would be 27-30% greater. 

The estinated uncertainty in the measured 
Below Re - 4000 the uncertainty 

The are several possible explanations why our data is 

We have assumed an uncertainty in h, of 0.025 

Although a greater channel height could explain the discrepancy in f, 
it is more likely f is in error due t o  the "shortness" of the specimen from a 
measurement point of view. For the channel, L/D, - 160, and 4fL& = 3. The 
dynamic head, p V 2 / 2 ,  is 23-36% of the total pressure drop. 
slight burr or protrusion of the pressure tap tube into the channel, the 
measured pressure could easily be shifted by one or more times the dynamic 

If there were a 
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head. 
rccepted value. For an accurate measurement of f ,  we would l ike  bfL/D,, >> 1. 
The uncertainty i n  f due t o  the large relative dynamic head w a s  riot included 
in the uncertainty analysis. 

a is  vould explain the difference between our measured f and the 

Another possible explanation for our discrepancy in f is that w e  have 
neglected an entrance length i n  calculating f .  
that for turbulent flow in  a rectangular channel, the entrance 1eng:h is about 
20 hydraulfc diameters. In  that region, F is actually than the fu l ly  
developed f. 
increase our predicted f i n  the fu l ly  developed region (L& > 20). 

Hartnett e t  al. (1962) show 

Includiug t h i s  e f fec t  i n  0-d data analysis would tend t o  

We used the f r ic t ion  factor correlation de-$eloped for  the tests without 
heat transfer t o  predict the pressure drop when the specimen w a s  heated. 
Figure 6 collprres the error betueen the predicted pressure drop and the 
re8s*lred pressure drop, plotted as a function of helium flow ra t e .  For low 
50-a rates w i t h  R e  < 2000, the laminar correlation of Rohsenow and Hartnett 
(1973) vas used for f .  The error  is less than 10) for  most of the points, and 
is evenly scattered &out the 08 line. 
measured f r i c t ion  factor. 

This is within the uncertainty of the 

4.2 Temperature distributions and heat transfer 

In  experiments 3 t o  9 we heated the channel specimen t o  determine the heat 
trander p e r f o r a c e .  
along the specimen is shown i n  figure 7. 
rate of experbent 8, which corresponded to  the largest  inlet- to-out le t  
temperature rise i n  the helium. 
y centerline (y/U - 0.08 for the hot s ide,  y/U - -0.04 for  the insulated 
si&), are shown from the i n l e t  to  the out le t .  
is also plotted (eq 12) for the locations of an insulated-side thermocouple. 
The gas temperature increased approximately l inearly from the inlet to  the 
out le t .  
si& temperatures over most of the specimen. 
sides increased steadily from the in l e t  t o  the out le t ,  except that  the 
temperature decreased near the outlet .  

A typical p lo t  of temperatures i n  the helium gas and 
The data are from the lowest flow 

The measured specimen temperatures along the 

The calculated gas temperature 

The heated-side temperatures were 38-44 K higher than the insulated- 
Specimen temperatures on both 

The temperature different. between the heated and insulated sides 
correlates well with the :ident normal heat flux. As the heat f l u  
increases, the above ten1 ratu difference increases almost l inearly.  Higher 
helium flow reduces the tempera. :re difference, because higher flows reduce 
specimen temperatures and therefore increase the nickel thermal conductivity. 
Compared to  the tube specimen tested previously (Olson a?d Glover, 1990). th i s  
temperature difference was about 4 times greater for  the same heat flux. The 
material t h i c k e s s  between the coolant channel and the heated surface was 3.8 
times greater for the channel L)ecimen, which produced the larger temperature 
difference. 

Because the temperature increased frou the in l e t  to the out le t ,  other f luid 
properties changed significantly also. 
viscosity increase with temperature, so they increased from the in l e t  t o  the 
out le t .  Fluid density dscreased from the in le t  to the out le t ,  due primarily 

Both thermal conductivity and dynamic 
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t o  the temperature increase but a lso t o  the pressure drop. 
decreased, f l u id  velocity increased from the in l e t  to the ou’clet; for  the 
conditions st.Om i n  the figure, the spechen in l e t  velocity vas 18 n/s and the 
spechem out le t  velocity was 38 U s .  

Because density 

Temperatures at locations perpendicular to  the flow direction (y-variation) 
for  the conditions o f  figure 7 are shown i n  figure 8. 
location w e  have plotted temperature on the insulated side as a function of y-  
position. Temperatures were lowest near the middle of the specimen, and 
highest near both outer edges. 
vas 67 K higher than the temperature a t  x/L - 0 . 5  and y/W - - 0 . h .  
maldistribution of flow (flow i n  the center channels greater than the flow in 
tn t  outer channels) vas the lost l ikely cause of these variations i n  
temperature. If the flow in  a channel were less than the average, the f lu id  
would heat up pore as i t  flowed down the specimen. 
velocity would produce a smaller heat transfer coefficient,  and the wall-to- 
flsiid temperature difference would have t o  be greater t o  accomodate the heat 
flux. 
flow lower than average; similarly,  Legions with flow higher than average 
would have lover w a l l  temperatures. 

Hers, a t  each x- 

The temprature at  x/L - 0.5  and y/LJ - 0.44 
We believe 

Also, the lower f lu id  

These NO effects  would cause higher w a l l  temperatures for  regions w i t h  

Table 5 lists the resul ts  for  the analysis which calculates the channel 
flow ra te  based on the measured w a l l  temperatures. 
i n  figure 8, we predict the helium Elcv i n  the middle channels is 7.3% greater 
than the average, while the helium fiov i n  the outer channels is 8.2% less 
than the average ( y p  - 0.363 to  0.590). The outer channels l ikely have lower 
helium flow due to the par t ia l  blockage of the channels shown i n  figure 4. 
Anomalies i n  the in l e t  and out le t  manifolds could also cause non-uniform flow. 
The analysis t o  determine the flow distribution also indicated that  f l o r  
aaldistribution increasJd with mass flow, which is consistent with the non- 
l inear i ty  or’ pressure drop vs flow rate .  
middle channel ranged from 3.2% above the average for l o w  flow, experiment 3 ,  
t o  11.8% above average for high flow, experiment 6.  The lowest re la t ive flow 
vas 19.0% below average for  the outer channel i n  experiment 6 with a high 
average flow. If w e  had not used the w a l l  temperature measurements to  adjust 
for  the channel flow, the gas temperatures would be calculated incorrectly, 
which would propagate as an error  t o  both Re and Nu. For example, for  no flow 
adjustment, i n  the center channel of the specimen T, and Nu would be too high, 
and X e  would be too low.  

For the experiment shown 

The relat ive helium flow in  the 

In figure 9 w e  show the  heat transfer coefficient and wall-to-fluid 
temperature differencr; for the same conditions as chose for figure 7 
(experiment 8 ,  13 8 kg/h helium flow). 
from the i n l e t  t o  the out le t .  
difference, with the appropriate heat flux (eq 8) ;  to  f i r s t  order the trends 
in  T,,-T, and h are mirrored. The temperature difference increases over the 
f i r s t  60% of the specimen and decreases over the l a s t  409, with the largest  
percentage change near the furnace end walls ( x j L  - 0 and 1). 
cause of the drop-off near the end walls was heat conduction through the 
specimen wall t o  the in le t  and out le t  manifolds. The temperstcres of the 
manifolds were the same as the i d e t  and out le t  gas temperatures, which were 
lower than the specimen wall temperature a t  x/L = 0 and 1. We estimated the 

Shown are points along y/W --0.04, 
h was calculated direct ly  from the temperature 

We believe the 
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effect of vall conduction using a 1-dimensions1 model of the specimen as a 
"fin" (Roh.enow .nd h i ,  U 6 l )  assuming: (1) constant heat flux from 0 I x/L 
S 1 vith zero heat flux for x/L < 0 and x/L > 1; (2) constant fluid 
temperature for x/L < 0, increasing linearly from 0 S x/L S 1, and constant 
for x/L > 1; and (3) constant heat transfer coefficient. 
that in ths initial 20% and final 20% of the heated zone for this specimen, 
wall temperatures were significantly influenced by conduction to the 
aanifolds. 
(8). because the amount of heat convected into the fluid was not the same as 
that incident on the specimen. 

The results showed 

In these regions, h and therefore Nu cannot be calculated from eq 

Figure 10 shows the variation of Re, Ns, and Nu with x for the same 
experimental conditions as above. We have plotted Nu and N s  along the entire 
heated length, although because of conduction effects the values are accurate 
only for 0.2 < x/L < 0.8. The Reynolds number decreased from the inlet to the 
outlet, due to the increase in viscosity caused by the temperature increase. 
Nu and N s  also decreased from the inlet to the outlet, within <he 0.2 < x/L < 
0.8 region of accuracy. Nu, was 14-20% higher than Nu for experiment 8. 

The trends in temperature distributions, Re, and Nu with positian did not 
change qualitatively for the other helium flov rates for experiment 8, nor did 
they change for the other heat flux rates tested. Figures 7 to 10 are 
representative of the variations for all runs. 

Figure 11 shows the modified Nusselt number plotted against the Reynolds 
number for all experiments for data points at y/U - -0.04 and 0.2 < x/L < 0.8. 
Also plotted is a correlation from the literature for fully developed 
turbulent flow in circular tubes (Rohsenow and Hartnett, 1973), along with the 
correlation for the tube specimen (Olson and Glover, 1990). 

Rohsenow and Hartnett (1973): Nu = 0.022-Re0.8.Pra-6, (19) 

Olson and Glover (1990): Nu - 0.0420-Re0*738s-Pr0-'?. (20) 

Rohsenow and Hartnetr (1973) recommend using the circular tube correlatiot, for 
turbulent flow in rectangular channels, with the appropriate hydraulic 
diameter. The data scatter for past investigators about the corrrlatjon curve 
is often 230% (e.&., see Ede, 1961). 
data for Re > 10 000, which is the fully turbulent region. 

We have shown the correlation ior our 
This is 

Ns- 0.0298 Pro.6, (21) 

or in terms of Nu, 
Nu - 0.0298 - (T,/T,)-0.55. ( 2 2 )  

The standard deviation between our data and correlat'.on is 2.6% (Re > 10 000). 
We have assumed a 0.6 power variation on Pr, and the leading coefficient was 
calculated based on that variation. 
The Reynolds number power and the leading coefficient were calculated from a 
least-squares fit. 

The Prandtl number was 0.662 to 0.666. 

Our data agreed very well with the past correlations, when we accounted for 
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the effect of variable properties in the temperature ratio as suggested by 
Rohsenow and Hartnett (1973). The temperatrre ratio for these experiments 
varied from 1.06 to 1.41, producing a difference between Nu and Nu,,, of 3% to 
21% (Nu. being higher). Without accounting for the effect of variable 
properties in the temperature ratio, our data fell below the accepted 
correlations by 20% at the highest temperature ratio. The uncertainty in the 
measured Nu and N y  was 7.68 to 13.8%; the lower uncertainties occurred closer 
to the inlet, and the higher uncertainties occurred closer to the outlet (due 
to the contribution from the uncertainty in flow distribution). 
calculated from the channel specimen correlation is 7.3% lower than N s  
calculated from the tube specimen correlation at Re - 10 000, and 4.3% lower 
at Re - 30 000. 
effects of flow Paldistribution as was the channel specimen data. We estimate 
Nu and Nu, for the tube specimen would be about 4% lower if flow 
addistribution were included. The two correlations therefore agree to within 
the uncertainty band, and both agree with the accepted smooth-tube correlation 
within the uncertainty band. 

N y  

However, data for the tube specimen was not adjusted for the 

5.  Sumary and conclusions 

We have constructed a thin, compact heat exchanger specimen consisting of 
parallel rectangular channels in a base plate with a cover plate brazed to it. 
The specimen was made of commercially pure nickel. The specimen was tested in 
an apparatus which radiatively heated it on one side at a heat flux of up to 
77 W/cmz (68 Btu/(s-ftZ)), and cooled the specimen with helium gas at 3.5 to 
7.0 HPa (500 to 1000 psi) and Re of 1400 to 28 000. Helium gas temperatures 
ranged from 291 K (64'F) to 710 K (818'F); the peak specimen temperature was 
784 K (951'F). 
specimen was lower than that of a circular tube with fully developed turbulent 
flow. 
high ratio of dynamic head to frictional pressure drop of the specimen, and to 
neglecting the entrance region. The measured Nusselt number, when modified to 
account for the effects of variable properties, agreed with past correlations 
for fully developea turbulent flow in circular tubes. 
experimental uncertair:y with the Nusselt number for a tube specimen tested 
earlier. 
due to using helium as a heat transfer fluid. 
was important in the first 20% and last 20% of the heated portion of the 
specimen. 
average flow in the specimen. 
optimized for heat transfer performance, by msking the channels smaller in 
height and width, would produce a higher pressure drop and also more evenly 
distributed flow, assuming the brazing operation did not occlude the channels. 

Measurements showed the friction factor of the channel 

The discrepancy is attributed to measurement errors arising from the 

It also agreed within 

At thesr temperatures and pressures, there were no unusual effects 
Conduction to the end manifolds 

The flow in the outer channels was as much as 19% lower than the 
We anticipate that a specimen which is 
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Appendices 

A. Heat flux distribution in reflective furnace 

A new fux!:sce was installed in the flow apparatus for the experiments on 
the channel specimen. 
vater-cooled. The heat flux distribution from the furnace on the target area 
occupied by the specimen was calibrated using the same procedure described in 
Olson (1989). In this method, a calibration specimen was placed in the 
furnace target area. 
heat flow meters (1.59 cm by 1.59 cm) soldered to it. With the infrared lamps 
at steady heating, the calibration specimen with the heat flow meters was 
traversed over the target area, and the relative heat flow through the meter; 
was measured. 

This furnace had reflective aluminum walls which were 

This specimen was a water-cooled copper plate wizh 3 

The data were analyzed to convert the measured heat flow to a heat flux 
function. 
total incident heat flow and divided by the normal area, it gives the local 
normal heat flux. Or, 

This function, fp, is defined such that when multiplied by the 

The method for determining fq are described in Olson (1989) and will not be 
repeated here. 
dependent on the specimen which is placed in the apparatus. 

The method assumes that the heat flux from the furnace is not 

Calibration experiments were performed at furnace voltage settings of 
21.0%, 35.5%, 50.5%, 6 2 . 7 % ,  azd again at 36.0% of full scale. Except close to 
the furnace end walls (x/L = 0 and x/L = l), the meter heat flow, normalized 
by the heat flow at x/L - 0.5, is very similk to the Calibration function f,. 
Therefore examining the raw data indfcates very accurately the furnace 
performance. Figure A.1 shows the normalized meter heat flow as a function of 
x/L for a furnace voltage of 36%. 
coordinate of the center of the meter. Because of the finite width of the 
meter, it begins to be shaded by the furnace walls when it is closer than x/L - 0.052 from the furnace walls (shown as tic dashed line on the figure). 

This is a scan at y/W - 0.12. x/L is the 

There are minima in the heat flow near x/L - 0.21 and x/L - 0.79. 
flow reaches maxima at x/L - 0.08, 0.50, and 0.92. The distribution is 
symmetric about the location x/L - 0.5. 
same for all heating levels tested. 
refractory walls, had a symmetric distribution below 29% of full scale 
voltage, and an asymmetric distribution above 29% of full scale voltage. 
the new reflective furnace, there was no variation in he8.t flux in the y 
direction. 

The heat 

This distribution with x/L was the 
The previous furnace, which had 

For 

The uncertainty in the heat flux distribution is f4%; the major source of 
uncertainty is the heat flqw meter uncertainty. 
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R. Method of calculating flow distribution in specimen 

For experiments where the specimen is heated, we found wall temperatures t o  
vary in the y-direction, perpendicular t o  the helium flow. If the heat flux 
were constant over the specimen and the flow in each channel were the same, 
the temperatures should not vary in the y direction. Since we know from the 
furnace calibration that heat flux is not a function of y, it is most likely 
that the flow varies from channel +o channel. The x-ray (fig. 4) t f  the 
assembled specimen shows regions of partial flow blockage which could 
contribute to the non-uniform flow. 
t o  know the flow per channel, and assuming uniform flow will produce errors in 
Re and Nu. 
the specimen is unheated, so assumir.g uniform flow will also produce an error 
in f. 

To calculate fluid temperatures we need 

It is likely that the non-uniform channel flow also exists when 

We calculate a channel flow distribution by assuming the wall temperature 
variations in the y directim are due solely t o  variations in flow per 
cha,mel. We r-glect solid conduction in t -  P y-direction, which is less than 
3% of the incident heat flux in the worst case. We use the wall temperature 
measurements at x/L - 0.5, because these probes extend furthest in the + and - 
y directlons; there were 5 probes at this location. The identity for the wall 
temperature at x and y is 

( B . 1 )  

The first term in parentheses on the right hand side is the temperature 
difference due t o  enthalpy rise of the fluid, while the second term is tha 
temperature difference due t o  local heat transfer from the solie. t o  th.e fluid. 

We now define an "average" fluid temperature as the temperature of the 
fluid if the helium flow were equal in each channel. The actual channel fluid 
temperature and helium flow can be related to the average through the aquation 

Each side of the equation is obtained by setting it equal 
e.dded by the furnace up t o  x.  
and the term due to deviations from the non-ideal gas, as both are small and 
insignificant in making the flow rate adjustment. 

., the heat f l m  
We have canceled out the kinetic energy term 

Rearranging we got 

To find the wall-to-fluid temperature difference, wz write the local heat 
transfer equation 

We define an "averasi" wall temperature as that temperature the wall would 
attain ii the flow were uniform: 
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h,, is a l s o  the heat  t ransfer  coe f f i c i en t  for uniform flow. 
flu; does not depend on the chancel f l ov ,  F.4 and 8 .5  can be combined: 

Because the hea t  

Here we have neglected the k ine t i c  energy tern i n  the ad iaba t ic  w a l l  
temperature, as var ia t ions  i n  it due t o  f lov  non-uniformity are not  
s ign i f i can t .  

The heat  t r ans fe r  ,oef f ic ien t ,  h ,  can be r e l a t ed  t o  the Nusselt number, 
which is cor re la ted  with the Re,vnoids number and Prandtl  number, by 

The r a t i o  of heat  t ransfer  coe f f i c i en t s  is 

Uz have expressed Re ir. terms of the flow rate and viscos i ty .  
var ia t ions  i n  Pr with tenperature.  so it cancels.  
cancels ,  s ince  it does n o t  depend on the flow d i s t r ibu t ion .  
Lhe leading coef f ic ien t  on the Nu vs Re cor re l a t ion  cancels;  we do not neeJ t o  
know the magnitude of Nu fOK t h i s  ccr rec t ion ,  only the exponent of va r i a t ion  
with R e .  

There a r e  no 

Ncte also t h a t  
The geometry (D,, and Ai) 

We now assume d - 1. For t u r t u l e n t  flow i n  a tube, a = 0 . 8 .  Because p 
increases with temperature, CI increases i f  61, is less than m/n, and including 
the v iscos i ty  r a t i o  i n  the flow r a t i o  ef'ectively makes a > C.8 .  
increases with temperature, so including i C  with the flow -3 t io  would decrease 
- a again. Let t ing a - 1 gre i t l j -  s i m p l f f h -  the  matheeatics of the ca lcu la t ion .  
The e i r o r  introduced ir. the adjusted Nu by using a - 1.0 instead of a - 0.8  is 
l e s s  than 1%. Set t ing  a - 1 and including the k and p r a t i o s  i n  with the flow 
r a t i o ,  we f ind  t h a t  

k a l s o  

Tws,y-Trx,y = (Trr,.v.-Tcx,.v.) ( W n ) / ( W  * (B.9) 

Subst i tut ing eqs (B.9) and (8.3) i n t o  (B.l)  and simplifying, w e  ge t  

The unknowns !.n t h i s  equation are T-,- and mc. We measured the t o t a l  helium 
flow rate ,  wall temperatures a t  x/L - 0.5 ,  and helium i n l e t  temperature. A 
second equation comes from in tegra t ing  eq (B.lO) across the specimer. i n  the y 
di rec t ion ,  a s  the sum of 311 flows i n  the individual  channels must equal the 
t o t a l  measured flow. O r ,  
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(8.11) 

The in t eg ra l  is approximated as a sum. u s h g  the v a l l  temperatures measured a t  
5 d i f f e ren t  y/U locat ions f o r  x/'L - 0 . 5 .  
T-.- a1 x/L - 0 . 5 .  
(B.10). 
the specimen i n t o  f i v e  regions,  with the boundaries between regions a t  the 
midpoints between the locat ions of the 5 temperature probes. 
region, the f lov  per channel is considered t o  be the same. 

Equation ( B . 1 1 )  is then solved for 
f i e  helium f iovs  i n  the channels a r e  then solved from eq 

Because the v a l l  t e q e r a t u r e s  are known only a t  f i v e  poin ts ,  we s p l i t  

Within each 

Since f lov  from one channel could not penetrate  i n t o  another channel, the 
f iov  per channel (calculated f o r  x/L - 0 . 5 )  is constant from x / i  - 0 t o  x/L - 
1. W e  performed the d i s t r i b u t i o n  ca lcu la t ions  f o r  each f lov  r z t e  a t  each heat 
f lux  s e t t i n g  (excegt €or zero haa t  flux). For 
experiment 8,  the f l o v  d i s t r ibu t ion  is p lo t t ed  vs y/v i n  f igu re  8.1. Lines 
cunnect the points  where the  vall temperature is measured and the channel f lov  
is ca lcu la ted ;  these a re  drawn f o r  ease i n  seeing the t rends of f lov  vs y/V 
and do not imply continuous var ia t ion .  The channel flow peaks n e t r  the cencer 
of the specimen and i s  lover a t  the outer  edges. 
maldis t r ibut ion accentuates a s  the t o t a l  flow increases.  These t reads were 
observed f o r  a l l  the  heat  flux l eve ls  tes ted .  

Table 5 lists the r e s u l t s .  

In addi t ion ,  the 

We found the f lov  d i s t r i b u t i o n  vas not a function of the  l eve l  of heai  
flux. 
zero,  although the vall  temperatures verc uniforn and could not be used t o  
ca lcu la te  the d i s t r ibu t ion .  To measure the f r i c t i o n  f a c t o r ,  w e  need the flow 
i n  the channel near the middle of specimen (where the pressure t aps  a r e  
located) ,  which exceeds m/n. We cor re la ted  mJ(m/n) i n  the center  channel vs 
i using =he r e s u l t s  from experiments 3 - 9 ,  then used t h a t  co r re l a t ion  t o  f ind  
i, f o r  the f r i c t i o n  f ac to r  expe rhen t s .  
tleviat ion of 0 . 4 5 % .  

I t  is l i k e l y  the same d i s t r ibu t ion  w a s  present vhen the hegt f l ux  was 

The cor re la t ion  had a standard 
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Table 1. Uncertainties in experimental measurements axid gas properties 
at a 95% confidence intarval 

Measurement or 
PropcrtY 

Cas Flov Rate 

Heat Flux 

C u  Inlet urd 
Outlet Temperatures 

Cas Pressure 

Cas Differential 
Pressure 

Specimen 
rampeaamre 

Gas Density 

Cas Enthalpy 

Cas Specific Heat 

Gas Viscosity 

Gas Thermal 
Conduct ivi ty 

Tec'mi que 

Therral Uass 
Flou Meter 

Calibration of 
hrnace 

Platinum Resis- 
tance Thermometer 

Pressure Trans- 
ducer 

Pressure hans- 
ducer 

Typo-N Them- 
cmple 

Theroodynanic 
Function 

Thermodynamic 
Function 

Thermodynamic 
Function 

Thermodynamic 
Function 

Thermodynamic 
Function 

G j o r  Source 
of Uncertainty 

Meter Calibration 

Heat F l w  Xeter 

Radiation 

Calibration 

Calibration 

Wire Calibration. 
Insrallation 

Function Accuracy 

Function Accuracy 

Function Accuracy 

Function Accuracy 

Function Accuracy 

Hagnftude of 
Uncertainty 

21% 

M.5 K 

H . 2 5 8  

prsater of 
20.S8 or 
5137 Pa 

greater of 
S . 4 8  of T(C) 
071 51.1 K 

2Q. 2% 
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Table  2. Summry of geometrical parameters and experimental conditi0r.s 
for channel specimen 

' 2.8-43.3 

2.4-39.9 

6.1-39.8 

10.2-40 .O 

13 3-40.6 

3.8-41 .C  

9.3 -40.9 

13.8-40.9 

17.9 

Expt. 
# - 
1 

2 

3 

4 

5 

6 

7 

Inlet  
Pressure 

L 

Heater 
Voltage Date 

I 0 . 0  

0 .0  

26.1 

50.0 

75.4 

25.3 

50.8 

76.3 

94.3 

7/2 3/90 

8/06/90 

a /06/90 

7/20/90 

8/08/90 

8/10/90 

8/09/90 

8/13/90 

8/14/90 

Number of Channels n - 20 
Channel Height. h, - 0.559 IIP 
Channel Width. uc - 3.175 - 
Channel Hydraulic Diametter. I),, - 0.9503 m 
Specimen Heated Length, L - 15.24 cm 
Specimen Uidth, W - 7.86 cm 
Specimen Heated Normal Area, & - 119.2 cm2 
Specimen Wetted Wall Area, 4 - 136.6 cm2 
Flow Normal A-ea, 4 - 0.2129 c d  

3560 

7250 

3450 

3580 

3545 

6950 

6960 

7006 

7010 

H e l i u m  
Flow Rate 
(kg/h) 

0.0  

0 .0  

21.3 

42.6 

60.9 

20.3 

42.2 

63.9 

77.3 

Reynolds 
Number 

1800-28 000 

1500-27 500 

1500-28 000 

4000-28 000 

5000-28 OGO 

1400-28 000 

3500-28 000 

5100-28 000 

6800-12 000 -- 
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Table 3. Data t a b l e s  f o r  a i :  exoeriments 

Po-Pi 

o.n 
w. 

X 

cm 
0 . m  
1 .2m 
2.521 
5.810 
S.Ob0 
6.S6.3 
7.620 
8.W 

70.160 
l*.LjO 

12 .m 
13.9rO 
t5.2bO 
2.521 
5.m 
1.601 

12 .m 
2.w 
5.m 
7.620 

10.1b7 
12.113 
1.601 
1.m 

1 o . m  

1 

m 
-0.965 
-0.318 
-0.3SO 
-0.318 
-0.318 
-0.318 
-0.SU) 
-0.m 
-0.318 
-0.318 
-0.m 
-0.318 
-0.R3 
-2.223 
-2.235 
-2.235 
-2.223 
-2.223 
..w 
2.225 
2.22s 
2.223 
2.223 

-3.LV3 
3.Lm 

Tu l f  
& C w. 

292.Y 292.71 m1.b  
292.01 292.H 2161.4 
2VZ.W 292.M m1.3  
292.17 292.62 m1.3 
292.57 m.58 m1.2 
292.53 292.5s m1.1 
292.56 292.51 m1 .1  
292.53 292.b7 m1.0 
m.ss 2W.u 3 m . V  
292.SJ 292.60 nm.9 
292.51 2v2.3.5 n a - 8  

2W.U 292.2V SM0.T 
292.61 2a2.8 ml.3 

m.5s 292.11 m1.1  
m.56 m*u n a . 9  
292.12 292.36 Mo.8 
292.W 292.6s SS81.3 

292.53 292.s1 ml.l 

292.52 2v2.36 Srn.8 
292<58 292.51 m1.1  

2w.a 2n.n n a . 8  

zpz.11 292.11 m1.2  

m . ~  292.1 m1.z  

2w.n 2n.u m 0 . v  

m.53 m.s' xa1.i  

w c c m  
us 
6.11 lafz 0.615 
6-51 1 W  0 . M  
6.S: 1- 0.W 
6.57 lm 0.W 
6.W 1lDJ 0.666 
6.V llDJ 0.W 
6.:' 1433 0.665 
6.S7 l a  0 . W  
6.56 1 0 1  0.M 
6.56 18% 0.665 
6.56 1836 0.665 
6.56 18% 0.- 
6.56 18% 0.664 
6 S 7  llDJ 0 . d  
b S 1  1US 0.US 
6.57 lasf O A 5  
6.56 18% 0 - 6 6  
6.56 18% 0 . 6 6  
6.W 1835 0.W 
6.51 1035 0 . W  
&.S1 ran 0.w 
6-56 1- 0.661 
6.56 1Ub 0 . U  
b.5- 1OSS 0.665 
i . 5  1Sn 0.665 

- -Ik.rt.intla-- 
utr utf y. 
K K X  

1.10 0.50 11.27 
1.10 0.w) 11-21 
l.lJ 0.50 11-21 
1.10 0.50 11.27 
1.10 0.50 11.n 
1.10 0.m 11.27 
i.10 0.50 11-27 
1.10 0.50 11.27 
1-10 0.50 11.27 
1-10 0.30 11.27 
1.10 0.50 11.27 
1.10 0.50 11-27 
1.10 0.50 11.21 
1.10 0.50 11.27 
1.10 0.50 11-27 
1.10 0.w 11.21 
1.10 0.50 11.27 
1.10 0.50 11.27 
1.10 0.50 11.21 
1.10 0.50 11.21 
1.10 0.m 11.27 
1.10 0.50 11.2? 
1-10 0.90 11.2: 
1.10 0.50 11.21 
1.10 0.50 11.27 
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Table 3 (continued) 

w-*1 
k?. 
2.bl 

V f  f ut 
x X 

0.00 0.- 17.90 

I 1 TU 

c m a c  
1 . m  O.OS m.11 
2.- XbSS zoJ.11 
S.m 0.65s m.12  
1.620 0.or  m.10 

10-1bil O.bSS 291.11 
12.m O - S S  m.09 
13.bS3 0.OS 2VS.m 

I I Tu T f  * V 

m 
O.Oo0 

2.127 
3.8'0 
S .ow 
6.W 
7.- 
8.90s 

10.160 
11.430 
12.m 
13.970 
1s.240 
2.127 
I.=> 
?.MI 

12.700 
2.wo 
S.Os0 
7.620 

10.147 
12.71s 
1.607 
? . U S  

1 .2m 

1o.m 

c. 
- 0 . M  
-0.318 
-0.m 
-0.118 
-0.318 
-0.318 
-0.130 
- 0 3 5  
-0.118 
-0318 
-0.m 
-0.318 
- 0 . m  
-2.223 
-2.m 
.2.2SS 
-2.22s 
-2.223 
2.197 
2.223 
2.22s 
2.223 
2.223 

-s.4v3 
3.403 

C 

m.25 
m.19 
m.20 
m. 18 
295.17 
m . 1 6  
m . 1 7  
293.17 
293.11 
z9r.15 
m . 1 s  
m.14 
zoJ.13 
m.w 
m.09 
m.19 
m.20 
m . 1 9  
m.15 

zQJ.14 
zpZ.15 
m.12 
m.23 
m . 1 4  

m.ia 

C 

m.24 
m.21 
ZV3.18 
m . 1 r  
zo1.12 
m.09 
m.01 
293.01 
W.00 
292.97 
292.w 
292.91 
2v2.m 
ZV3.18 
m.12  
m.01 
m.00 
2vz.w 

293.12 
m.O1 
m.OO 
m.43 
m.01 
m.01 

m.ia 

k?. 
nm.2 
nn.0 
nn.7 

ssn.3 
3Sn.s 

SSn.1 
3J74.9 
B76.b 
JS76.4 
S74.2 
nx.0 
nn.8 
nn.6 
nn.7 
nn.3 
nr4.9 
fS74.4 

n n . 7  
nn.3 
n74 .v 
SS7b.r 

n74.9 
3ST4.9 

nn.0 

n7r.o 

.I8 
14.39 
14.39 
14.39 
1 4 s  

14.M 
14.M 
1438 

1c.m 

i6.m 
14.58 
14.S 
1b.M 
14.M 
14.39 
l4 .P  
14.M 
14-38 
14.M 
14.29 
1 4 3  
14.M 
i6 .n  
14.38 
14.38 
14.M 

m m  

rn 0.w 
swb 0.- 
5496 q.w 
sv% 0.- 
lpoI 0.w 
J997 0.- 
m 7  0.w 
sw7 0.666 
ma 0.US 
m a  0.- 
ma 0.w 
399) 0.665 
fppp 0.661 
5496 0.w 
5496 0.w 
3poI 0.w 
ma 0.w 
JPPI 0.- 
sv% 0.665 
59# 0 . a  
5w7 0.w 
rn 0.w 
ma 0.w 
m? 0.w 
JpDl 0.w 

--uUwt.lntf..-- 
yhl utf Ik 
c c x  

1.10 0.50 1c.n 
1.10 0 . 9  11.27 
1.10 0.50 11.27 
1.10 0 . 9  11.27 
1.10 0.50 11.27 
1-10 0.w 11-27 
1.10 0.50 t1 .n  
1.10 0.50 11.27 
1-10 0.w 11.27 
1-10 0.50 11.27 
1-10 G.W 11.27 
1.10 O S 0  11.27 
1-10 0 . 9  11.27 
1.10 0 . 9  11.27 
1.10 0 3 0  11.27 
1.10 0.50 11.27 
1.10 0.50 11.27 
1.10 0 3 0  11-27 
1.10 0.w 11.27 
1.10 0.w 11.a 
1.10 0.w 11.27 
1.10 0 . s  11.27 
1.10 0.50 11.27 
1.10 0.50 11.27 
1.10 0 . 9  11.n 
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Table 3 (continued) 

cO-?l 
k h  
6.B 

V t  t W  
X 1 

0.00 0.- 1r .n  

I I TU 

l.M 0.651 2VS.U 
2.540 0.615 293-50 
5.om 0.615 293.50 

10.16Q 0.611 293.51 
12.700 0.65 295-50 
13.653 0.655 295.12 

m a a  

1.- 0.65 m.50 

I r rr w ? V 

a m  
0.m -0.w 
1.2m - 0 . m  
2.527 -0.- 
SA10 -0.318 
5.000 -0.518 
h.W -0.318 
7.620 -0.sw) 
8 . m  -0.m 

10. d) -0.318 
1 1 . W  -0.318 
12.100 -0.m 
13.97O -0.318 
15.240 - 0 . m  
z.121 -2.22s 
5.m - 2 . 2 s  
1.601 -2.21 

1 o . m  -2.22s 
1 2 . m  -2.22s 
2.540 2 . 1 ~ 1  
s.m 2.223 
7.620 2.22s 

10.147 2.22s 
12.113 2.22s 
1.601 - 3 . 4 ~ 3  
1 . m  3 . 4 ~ 3  

I( I( e. 
Z9S.Y 295.54 aR. t  
m-5s m.ss an.5 

293.51 m . 5 1  170.5 

293.52 293.4v M . 4  
293.13 295.48 m8.v  

293.12 2n.w m1.o 

293.5s 293.50 am.o 

m.si m.41 s w . 4  
295.53 m.u s w . 8  
m.sz m.45 s w . 3  
293.u 29J.45 U . 8  
m . 1 1  m. i l566.3 
m.52 m.43  m . 7  
293.Y M . 1 2  nn 0 

m . 5 1  m.46 w . 9  
295.12 I#.* S 7 . 8  
295.50 293.41 W . 8  

293.3 w.50 nm.u 

293 .r m.sz s5n.o 
~ 5 . 4 7  2vs.u) 3570.0 
mR.u 2n.u w . v  
2m.u m.u 3 w . v  

t0j.n m.48 m.9 
293.cr 295.45 m6.8 

m.u 293.48 m 8 . v  

us 
0.48 
X.48 
23.46 
a . 4 v  
23.29 
23.N 
2 3 . a  
23.50 
23.50 
23.50 
u.50 
23.11 
23.11 
X.48 
a . 4 v  
n.4v 
a.50 
23.50 
23.u 
a . 4 v  
X..V 
?AH) 
0.50 
X.4V 
23.N 

e n  

6502 5.665 
6502 0.665 
6562 0.665 

0.665 
6saz 0.665 
suo 0.665 
suo 0.665 
6503 0.665 
6503 0.665 
6503 0.665 
6503 0.665 
6503 0.665 

0.665 
6562 0.665 
6502 0.665 
6503 0665 
6M) 0 . a  
6- 0.661 
6W 0.665 
6502 0.665 
65m 0.665 
6503 0.665 
65OS 0.665 
6105 0.665 
6503 ?.665 

- -U*at.int i n- - 
yh Y(f um 

K K X  
1.10 0.10 11.21 
1.10 0.50 11.27 
1.10 0.50 11.27 
1-10 0.50 11-27 

1.10 0.50 11.n 

1.10 0.50 11.27 
1.10 0.50 11.27 

1.10 0.50 11.27 

1.10 0.50 11.27 
1.10 0.50 11.27 
1.10 0.SO 11.27 

1.10 0.50 11.21 

1-10 0.9 11.21 

1.10 o x  11-21 

1.10 0.9 11.21 

1.10 0.10 11.27 
1-10 0.10 11.21 
1.10 0.50 11.21 
1.10 0.H) 11.n 
1-10 0.50 11.27 

1.10 0.50 11.27 
1.10 0.W 11.27 

1-10 O.Y 11.27 

1-10 O.M 11.27 
1-10 O.M 11.21 
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Table 3 (continued) 

1 v TU 

a a l  
1 . m  0 . M  292.R 
2.540 0 . m  292.n 

7 . M  P A S  291.n 
10.160 o.&ss m.76 
12.700 0 - 8 5  291.76 
13.83 u.655 m.n 

s.om 0 . m  Z0z.n 

I 
a 

0.000 

2.527 
3.810 
5.060 
6.363 
7.620 
8 . W  

10.160 
11.430 
12.700 
13.97n 
'5.240 
2.527 
5.- 
7.Ml7 

10.1n 
12.700 
2.540 
5.060 
7 . M  

10.147 
lZ.?d 
7.bo7 
7.633 

1.2m 

V Tu T f  
a i  K 

-0.- 292.n 2V2.a 
-0.~18 m.n m2.u 
-0.m a2.n 292.66 
-0.318 291.74 m.b? 
-0.310 m.n m.6a 
-0-318 292.R 292.m 

-0.305 291.76 292.71 
- 0 . ~ 0  m.n ~ 2 . n  

-0.~18 m.n 292.74 
-0.318 291.7s m.n 
-0.305 m.n 2vz.n 
-0.310 m.n m.n 
- 0 . m  291.n a2.w 
-2.223 292.67 2R.U 
-2.235 292.- 2 a . a  
-2.235 m.71 2n.n 
-2.223 m.m m.74 
-2.223 291.67 292.n 
2.197 29Z.M 2VZ.66 
2.223 ZR.R 292.a 
2.221 292.67 m.n 
2.221 m.m 292.76 
2.223 2p2.H 292.n 

-3.CpJ 292.8 2VZ.n 
3.405 292.67 2V2.n 

* 
S U . 6  
W . 4  
m b . 2  
3563.0 

W . 6  
n14.c 
bY.2  
35S7.0 
b55.8 
b54.b 
3553.4 
bW.2 
w . 2  
n61.0 

m 

mi.8 

nsv.4 
ns7.0 
3554.6 
SSb4.2 
ssbl .o 
3559.4 
3557.0 
3554.6 
35SP.4 
3514.4 

v 

17-40 
31.41 
37.42 
37.u 
37.45 
37-47 
37.- 
17.50 
37.51 
37.53 
17-54 
37.ss 
37.57 
37.42 
37.4s 
37.46 
37.31 
37.54 
37.43 
37.b5 
37.a 
37.51 
37.54 
37.48 
37.46 

mfa 
L E m  

1- 0.616 
lami 0.w 
lam 0.616 
l a m  0.w 
1QJPJ 0.665 
10393 0.w 
1- 0.w 
10393 0.w 
ram 0.w 
10092 0.665 
10392 0.616 
lofpl 0.w 
1 m  0.w 
1- 0.- 
1039s 0.- 
1 m  0.w 
10092 0.665 
10092 0.w 
1 o m  0.616 
lopps 9.665 
l o s s  0.w 
10092 0.w 
laJpz 0.w 
10393 0.w 
l m  0.665 

- -Veata lnt faa- -  
yh nt v. 
115 

1.10 0.50 11.27 
1.10 0.50 11.27 
1.10 0.50 11.27 
1.10 0.50 11.27 
1.10 0.50 11.27 
1-10 0.50 11.27 
1.10 0.50 11.27 
1.10 0.50 11.27 
1.10 0.50 11.27 
1.10 0.50 11.27 
1.10 0.50 11.27 
1.10 0.50 11.27 
1-10 0.50 11.27 
1.10 0.50 11.27 
1.10 0.50 11.27 
1.10 0.50 11.27 
1.10 0.50 11.27 
1.10 0.50 11.27 
1.10 0.50 11.27 
\.lo o s 0  11.2T 
1.10 0.50 11.27 
1.10 0.50 11-27 
1.10 0.50 11.27 
1.10 0.50 11.27 
1.10 0.50 11.27 
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Table 3 (continued) 

m.ml spcim 
E . p r i . c n t  1 
Oat.: 23 July 1990 
rim: 1O:W:U 

T I  ?D I# PO W-Pl 
I: C k u h  kPa U a  

292.06 292.21 m.1t 3561.1 23.59 

V f  f Yf 

I 1 
0.01 0.00117 17.13 

X T Tu 
a c m C  

1 . w  0.655 292.06 
2.W 0.615 292.08 
5.om 0.655 292.12 
7. 20 Q.b% 292.10 

10.160 0.655 292.11 
12.700 0.655 292.11 
13.653 0.655 292.11 

Insulated-Sib r q . r a t m  rd C.1culat.d Data: 

a 
O.OO0 
1.270 
2.527 
3.810 
5.080 
6.363 
7.620 
0.m 

10.160 
11.rU) 
1r.m 
13.vm 
15.2bO 
2.327 
5.W 
7.607 

12.700 
2.W 
5.080 
7.620 

10.1b7 
12.713 
7x47 
7.633 

io.in 

a x  c 
-0.w 292.11 291.8s 
-0.318 292.08 291.m 
-0.550 292.08 2vl.S 
-0.316 292.09 291.M 
-0.316 292.10 a 1 . m  
-0.318 292.07 291.W 
-0.m 292.09 29l.W 
-0.501 292.10 231.91 
-0.318 292.09 291.n 
-0.316 292.08 291.- 
-0.501 292.09 291.91 
-0.318 292.10 291.95 
-0.953 292.07 291.W 
-2.223 292.08 291.1 
- 2 . m  292.1b 291.68 
-2.235 292.08 291.w 
-2.223 292.08 291.n 
-2.223 292.0 291.p1 
2.1V7 292.W 291.85 
2.223 292.10 291.68 
2.223 292.07 291.W 
2.223 292.06 291.92 
2.223 292.11 291.w 

-3.bVS 292.05 2Vl.W 
S A 9 5  292.10 2Vl.W 

Wa 
3561.1 
35w.1 
3557.2 
3555.2 
3553.2 
3551.2 
3519.3 
3117.3 
35b5.b 
3543. b 
M 1  .L 

35SV.5 
3537.5 
3557.2 
853.2 
3WV -3  
3115.3 
3Wl.b 
3557.1 
3553 .2 
3110.3 
35b5 . b 
M 1 . b  
3uv. 3 
suv.1 

.I. 
6v.u ism 0.664 
W.b7 13763 0.664 
bV.50 1 3 m  0.664 
bV.53 13783 0.664 
bV.56 137aZ 0 . m  
b9.59 13782 0.665 
bV.62 13782 0 . a  
bV.6) 13Ml 0.M) 
(9.67 13781 0.- 
6v.m im 0.665 
bV.73 1 3 m  0.665 
bV.76 13780 0.665 
bV.W 13760 0.665 
bV.50 13783 0 . a  
b9.56 13782 0 . a  
19.62 13782 0.665 
bV.67 13731 0.665 
bV.73 13760 0.665 
b9.50 13783 0 . a  
(9.16 13782 0 . W  
bV.62 1 3 W  0.665 
bV.67 13781 0.665 
bV.75 lJTb0 0.665 
bV.62 13782 0.665 
b9.62 13732 0.665 

--Uncwtainties*- 
y f Y  yff ur. 

C K X  
1-10 0.50 11.27 
1-10 0.50 11.27 
1.10 0.50 11.27 
1.10 0.50 11.27 
1.10 0.50 11.27 
1.10 0.50 91.27 
1.lC 0.50 11.27 
1.10 0.50 11.27 
1.10 0.50 11.27 
1.10 0.50 11.27 
1.10 0.50 11.27 
1.10 0.50 11.27 
1.10 0.50 11.27 
1.10 0.50 11.27 
1.10 0.50 11.27 
1.10 0.50 11.27 
1.10 0.50 11.27 
1.10 0.50 11.27 
1.10 0.50 11-27 
1.10 0.50 11.27 
1.10 0.50 11.27 
1.10 0.50 11.27 
1.10 0.50 11.27 
1.10 0.50 11-27 
1-10 0.50 11.27 
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Table 3 (continued) 

olrnrl spc ia  

oat*: 23 Jul* lppo 
E n p r i r n t  1 

rim: lO:lb:Z? 

rr rm a ro m - ~ i  
I( c 4 / 1 , w o t h  

Zpi.81 291.92 2b.m 3SSb.S %.a 

V I  f w 
I I 

0.00 0.- 17.1s 

I 1 Tu 

a m C  
l.%a 0.611'1 291.81 
2.w 0.65s 29l.w 
5.m 0.6SS 29l.w 

10.160 0.- m.n 
12.m 0.0s m.82 
11.653 0.6)) LPT.81 

7.620 0.1~s m a  

X 
i. 

O.Oo0 
1.2m 
2.527 
3.810 
5.030 
6.363 
7.620 
8.p(u 

10.160 
11.CsO 
12.m 

15.240 
2.527 
5.m 
7.697 

1 2 . m  
2.%0 
5.080 
7.620 

lO.lb7 
12.713 
7.607 
7.633 

u.9m 

1o .m 

r 
m 

-0.V6S 
-0.318 
-0.330 
-0.318 
- 0 . m  
-0.318 
-0.330 
-0.m 
-0.318 
-0.318 
-0.m 

-O.%S 
- 2 . M  
-2.23s 
- 2 . 2 s  
-2.225 
-2.22s 
2.197 
2.20 
2.22s 
2.223 
2.223 

-3.bVS 
3.W3 

-0.3111 

TU 

zpl .Y 
Zp1.P 

2Vl .a 
29l.Q 
291 .a2 
291 .a1 
ZVl.81 
2Vl.W 
291 -62 
291 .P 
291 .as 
291 .& 
291 -82 

291 .87 
291 .& 

291 .a3 
291 .a 
291 .a1 
291 .P 
291 .a 
291 .K 

291.87 

m.m 

291 .m 

291 .m 

If 

2Vl.G 
29( -46 
291 .Y 
2Vl.bT 
291.Y 
291. b9 
29l.bV 
291.50 
291 .51 
291 3 2  
m.ss 
zp1 .ss 
291.n 
291 .Y 
291 .a 
m.4v 
291.s1 
291 .53 
291 Ah 
291 .bo 
291 .bV 
291.51 
291.53 
291.bV 
291 .bV 

kP* 
3SSb.S 
SSS1.b 
W . S  
3W.6 
Mz.7 
3Ss9.8 
m6.9 
3 u L . O  
U31.1 
aa.2 
SS2S.S 
3SZZ.b 
3SlV.5 
W . S  
Mz.7 
3536.9 
353.. 1 
na.3 
W . S  
M z . 7  
3S36.V 
n31.1 
na.3 
s536.9 
n36.9 

v a m  
.I* 

61.61 l n 0 0  0.- 
6i.u inm 0.664 
61.n inw 0.664 
61.76 l n W  0.664 
61.81 l n W  0 . W  
61.87 t n w  0.664 
61.Q 17179 0.- 
6i.91 lnls 0.664 
62-02 I n n  0 . M  
62.07 l n 7 8  0.666 
62.12 1 n n  0.661 

62.2s Inn 0.66s 
61.n l n W  0.664 
61.81 1 n W  0.664 
61.92 1 n W  0.661 

62.12 17178 0.W 

61.81 l n W  0 . U  
61.W 1 n W  0 . W  
62.02 17178 0 . W  

61.4 171W 0.- 
61.92 17179 0.- 

e i ?  inn 0.661 

62.02 iiin 0.661 

61 n inw O.W 

62.12 inn 0.665 

--wmrtmlntla-- 
vh, Wf v. 
C C I  

1.10 0.50 11.27 
1.10 0.50 11.27 
1.10 0.50 11.27 
1-10 o s  11.27 
1.10 0.50 11.27 
1.10 0.50 11.27 

1-10 0.50 11.27 

1-10 0.50 11.27 
1.10 0.50 11-27 
1.10 0.50 11.27 
1.10 0.50 11.27 

1.10 0.m r i m  

1.10 0.m 11.27 

1.10 0.m 11.27 
1.10 o s  11.27 

1.10 0.m 1 i . n  
1.10 0.m 11.27 

1.10 0-50 11.27 

1.10 0.IO 11.27 
1.10 0.50 11.27 
1.10 0.50 11.27 
1.10 0.50 11.27 
1.10 0.50 11.27 

1.10 0.w 11.27 
1.10 0.m 
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Table 3 (continued) 

14 n I m m-ci 
c c k @ I m I b .  

zP1.64 29l.n 30.62 5w1.0 11.14 

W r w  
X X 

0.00 0.- 17.1s 

I v T I  

U Q C  
1.- 0.81 291.61 
2.w 0.6s 29l.O 
5.m 0 . m  m.60 
?.a0 0.m m.63 

10.160 0 . m  291.63 
12.m 0 . M  291.66 
1 3 . m  0.u1 29l.u 

X 

a 
0.OOO 

2.127 
3.810 
5.m 
6.%S 
1.620 
8.9115 

10.160 
1 l .W 
12.m 

15.240 
2.527 
S.OI0 
1.107 

10 .m 
12 .m 
2.w 
S.wO 
?.eo 

t0.1&1 
12 .m 

7 . m  

1 .zm 

1 ~ v m  

1.601 

V tu 
Q C  

-0.w m.60 
-0.318 m.63 
- 0 . N  29l.61 
-0.118 29l.U 
-0.J18 2Vl.b' 
-0.118 m.64 

-0.m m.64 
-0.Sl8 291.62 
-0.318 29l.9 
-0.m m.64 
-0.Sl8 m.6r 
-0.95s m.66 
-2.223 m.62 
-2.m mp1,71 
-2.m -*.&a 
-2.m 29l.G 
-2.223 n'.Y 
2.197 291.43 
2.m a1.a 
2.m 291.66 
2.223 m.64 
2.22s 291.68 
-1.4oJ 291.4s 
SA93 291.a 

-0.m 2n.m 

I t  
c 

291 .m 
m.op 
291.09 
m.10 
m.11  
291.11 
29l.12 
291.13 
29l.14 
291.1b 
29l.11 
291.16 
291.16 
291.W 
m.11  
m.12  
Iol.14 
291.'5 
2% .w 
;it .  1 
% 1 . ) 2  
f l 7  :i 

291.1% 
291.1. 
291.11. 

c 
Urn 

3564.0 
mP.7 
SSSS.1 
m1 .2 
3327.0 
sszz.7 
ss18.4 
SS14.l 
Jfop.9 
sos .7  
m1.4 
w97.1 
Y92.9 
SSSS.1 
3527.3 
SSl8.9 
3507.9 
m+.* 
%.?>.5 

.:..E 
3- : 4  
:: r . 0  
3-h.. . i 
-*a,? 

~ 5 : % 4  

v e m  

7 6 3  21282 0.664 
n.47 Z l z u  0.664 
7634 ZlZIz 0.664 
76.6S 21282 0.W 
76.- 21282 0.664 
76.W ZlMl 0.664 
76.93 21281 0.664 
n.o3 2111 0.661 
n.12 21281 0.666 
n.21 21281 0.661 
n.31 2 l a  0.661 

n.w 2128s 0.66) 
tE<U 2lM2 0.664 
M.B 21282 0.664 
%.*5 &$€El 0 . u  
?..lZ 2191 0.m 
' . S l  ::a0 0.666 
I:.% 2 7 2 8 2  0.664 
fa.% 21282 0.664 
76.93 21281 0.466 
n.12 21281 0.66) 
77.31 Z l t b o  0.66) 
Td.9) 21281 0.664 
16.9) 21a l  0.664 

*I. 

n.Lo 2 1 m  0 . ~ 5  

... 

- -urrr. intir--  
mu Y t t  yn 

I C K X  
1.10 0.11 11.27 

1.10 0.11 11.27 
1.10 0.11 11.27 

1.10 0.11 11.27 
1.10 0.11 11.27 
1.10 0.11 11.27 
1.10 0.51 11.27 
1.10 0.51 11.27 
1.10 0.51 ll.27 
1.70 0.51 11.27 
1.10 0.11 11.27 
1.10 0.11 11.27 
1.10 0.11 11.27 
1.10 0.11 11.27 
1.10 0.11 11.27 
1.10 0.11 11.27 
1.10 0.11 '1.27 
1.10 0.11 11.27 
1.10 0.11 11.27 
1.10 0.11 11.27 
1.10 0.11 11.27 
1.10 0.11 11.27 
1.10 0.11 11.27 
1.10 0.11 11.27 
1.10 0.11 11.27 
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Table 3 (continued) 

I 1 TU 

a a K  
1 . w  0.115 2m.s 
2.W 0.655 m.b l  
S . O g  0.65 29l.bl 
3.620 0.655 29l.U 
10.160 0.655 29l.s 
12.700 0.655 2Vl.U 
13.653 0.65  29l.u 

V1 f y t  
I 1 

0.00 0.Oarrz 17.13 

X 
a 

0.000 

2.527 
5.810 
5.W 
6.SS 
7.620 

, 8 . W  
10.160 
11.4uI 
12.700 
13 .m 
15.2bO 
2.527 
5.oso 
?.a? 

1 o . m  
12.700 
2.540 
5.m 
?.M 

10.147 
12.713 
1.607 
? . U S  

1 .zm 

I 
a 

-0.- 
-0.318 
-0 .W 
-0.318 
-0.118 
-0.JI8 
-0.330 
-0.SOS 
-0.318 
-0.118 
-0.305 
-0.318 
-0.- 
-2.223 
-2 .2s  
-2 .2s  
-2.223 
- 2 . m  
2 . w  
2.223 
2.223 
2.223 
2.223 
-3.bV3 
S A 9 3  

TU tf c 

m.bb m.u 3 w . v  
29l.40 Z9O.U SSlT.7 
29l.U m.4V SSlO.6 
m.b1 ZVO.50 SSOS.5 
29l.41 ZVO.51 3496.1 
2Vl.U 29a.51 W . 8  
29l.u m.w wI1.7 
29l.U 290.52 347b.b 
291.39 190.53 yl7.2 

I( I( k?b 

2m.u m.n yb0.0 

m.0 m.n 34sz.a 
291.0 m.55  W5.b 
29l.U 2VO.Y W . b  
2m.U m.b? d10.6 
2W.U m.51 3496.1 
291.U m.52  -1.7 
29l.u 290.33 w7.2 

29l.U m.b9 SSlO.5 
m.u m.51 34W.l 
m . b l  290.5' -1.7 
m.41  1R.55 w7.3 
2Vl.U 2W.n Y52.7 
29l.U 290.52 9.1.7 
29l.U m.52 Y l . 6  

2vi.u m.n YW.: 

v n m  

101.57 tllw 0.w 
101.n a240 0 . a  
1Ol.R tllw 0.w 
102.19 tllw 0 . W  
102.40 2411 0 . u  
102.61 28W 0 . U  
102.02 28w 0.664 
103.03 tllw 0.665 
lQD.25 28W 0 . u  
1 a . u  28W 0.665 

r.67 tllw 0 . W  
103.1) 2411 0.665 
lob.11 mu 0.665 
101.m 2411 0 . a  
102.bO 2mbO 0 . u  
102.a zpu 9.664 

103.U 2411 0.W 
101.- 2411 0.w 
101.bO 28W 0.- 
102.& 2411 0.w 
1W.# Zuu 0.665 
1QD.61 282ba 0.665 
101.02 2I2u 0 . a  
102.82 2411 0.w 

w. 

1 a . a  tllw 0.665 

- -UrarteInt Ir- - 
yh utf yn 

K K X  
1.10 0.12 11.27 
1.10 0.52 11.27 
1.10 0.52 11.27 
1.10 0.52 11.27 
1.10 0.52 11.27 
1.10 0.52 11.27 
1.10 0.52 11.27 
1.10 0.52 11.27 
1.10 0.12 11.27 
1.10 0.52 11.27 
1.10 0.52 11.27 
1.10 o s 2  11.27 
1.10 0.52 11.27 
1.10 0.52 11.27 
1.10 0.52 11.27 
1.10 0.52 11.27 
1.10 0.52 11.27 
1.10 0.52 11.27 
1.10 0.52 11.27 
1.10 0.52 11.27 
1.10 0.52 11.27 
1.10 0.52 11.27 
1.10 0.52 11.27 
1.10 0.52 11.27 
1.10 0.52 11.27 
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Tabie 3 (continued) 

TI I# m PO-ci 
K C W h H . 1 6 .  

291.W 29l.60 16.:? 3SU.9 16.84 

Vf f df 

x X 
0.00 0.00547 17.14 

X I Tu 
m a t  
1.580 0.651 29l.ST 
2.540 0.65s 291.9 
5.m 0.6% 291.1( 
7.620 0.65s 291.1 
1o.w 0.65s 291.1 
'2.700 0 . a  291.60 
13.63 0. i S  291.61 

X Y TU It c v E n  
cm a 
o.Oo0 -0.96) 

2.527 -0.130 
3.810 -0.318 
5.080 -0.318 
6.W -0.118 
7.620 -0.339 
8.903 -0.mS 
10.160 -0.318 
11.630 -0.318 
12.700 -0.30) 

15.240 -0.R3 
2.527 -2 .20  
5 . 0 M  -2.23s 
7.607 -2.23s 
10.1n -2.22s 
12.700 -2.223 
2.560 2.191 
5.080 2.225 
7.620 1.225 
10.147 2.W 
12.713 ?.zt3 
1.501 -3.693 
7.633 3.493 

1.270 -0.118 

1s.m -0.318 

t t kP. 
291.65 291.41 sw.9 
291.9 291.b1 m.6 
291.61 291.41 W.1 
2V1.61 291.42 3SS2.6 
29l.60 291.u m1.2 
29l.61 291.41 8'19.8 

291.61 29l.U 3Sn.O 
291.60 291.U Sn.6 
291.60 291.43 3S74.2 
2Vl.61 n1.U SSR.8 
291.66 291.6 ss71.i 
291.63 29l.u ss7o.u 
291.61 291.41 m.1 
29l.U 291.42 m1.2 
Pl.66 291.42 3J78.4 
291.62 291.43 SSn.6 
291.62 m.43 3572.8 
291.63 x1.41 ?S8b.O 
291.6 291.42 3W1.2 
291.61 291.42 3ST8 b 
291.61 291.0 15n.d 
m1.63 S ; . ' J  l B . 8  
291.6s 291.4 3sm.c 
291.S 291.42 1578.4 

~1.63 2p1.u nn.4 

*I. 
40.48 
40.50 

40.u 
4 0 s  
4036 
4C.a 
4( .Jo 
40.61 
40.63 
40.S 
co.66 
40.67 
a s 1  
40.5s 
a38 
40.6. 
L 4 .  Y 
<.- 51 
-0.5s 
40.M 
&O.'t 
40.66 
40.1 
40.u 

11393 
1 ls92 
11s92 
tlS92 
11390 
1 1spo 
11s92 
1 1m 
11392 
11592 
11m 
11m 
11% 
11592 
11392 
11m 
llZR 
11392 
llsw 
11392 
11392 
!IY2 
llS92 
11m 
11392 

0.664 
0.664 
0.- 
0.661 
0.664 
0.664 
0.664 
0.661 
0.664 
0.661 
0.661 
0.W 
0.66) 
0.w 
0.666 
0.66) 
0.W 
0.644 
0.644 
0.- 
0.664 
6 . b  
0.66) 
0.464 
0.W 

- - W r t e i n t i r - -  
utu ytf yn 

K K X  
1.10 0.14 11.27 
9.10 0.m 11.27 
1.10 0.1 11.27 
1.10 0.50 11.27 
1.10 0.14 11.27 
1.10 0.14 11.27 
1.10 0.1 11.27 
1.10 0 3 0  11.27 
1.10 0.50 11.27 
1.10 0.50 11.21 
1.10 0.14 11.27 
1.10 0.u) 11.27 
1-10 0.50 11.27 
1.10 0.50 11.27 
1-10 0.w 11.27 
1.10 0.u) 11.27 
1.10 c.14 11.27 
1.10 0.50 11.27 
1.*0 0.50 11.27 
1.10 Q.50 11.27 
1 IC 0.50 11.27 
'1.10 0.50 11.27 
1.10 0.50 11.27 
1.10 0.H) 11.27 
1.10 0.x 11.27 
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T a b l e  3 (con t inued)  

TA 78 PO 
K K kg/h We 

m.73 296.C’ 2.37 R19.3 

PO-P1 ut f ut 
wa x X 
0.33 -0.02 0.01132 U.97 

Hoc-rid. l q r a c w n :  

X I TU 

a a K  
1.580 0.655 296.bO 
2.%0 0.655 296.41 
5.W 0.655 296.37 
7.620 0.655 296.32 

10.160 0.655 296.29 
12.700 0.655 296.27 
13.653 0.655 296.25 

X 

a 
O.OO0 

2.527 
3.8’0 
5.080 
6.363 
7.62t 
8.903 

16.160 
11.430 
12.700 
13.970 
15.240 
2.527 
5.060 
7.607 

1.270 

1 o . m  
12.700 
2. SLO 
5 . m  
7.620 

10.147 
12.713 
7.607 
7.633 

I Tu 
p I K  

-0.965 296.50 
-0.318 296.U 
-0.330 296.b5 
-0.318 =.bo 
-0.378 296.39 
-0.318 296.36 
-0.330 296.36 
-0.50s t w . 3 3  
-0.318 296.34 
-0.318 296.31 
-0.305 296.28 
-0.318 296.6  
-0.953 296.22 
-2.223 296.0 
-2.23s 296.32 
-2.235 296.37 
-2.223 to6.36 
-2.223 296.29 
2.‘97 296.b2 
2.223 296.37 
2.223 to6.35 
2.223 296.33 
2.223 296.28 

-3.493 296.40 
3.b93 296.36 

11 
K 

296.73 
296.60 
296.63 
296.57 
296.52 
296.47 
296.42 
t96.36 
296.31 
296.26 
296.20 
296.15 
296.10 
296.45 
296.52 
296 b2 
296.31 
276.20 
296.63 
296.52 
296.b2 
296.31 
296.20 
296.42 
296.b1 

P 
kPa 

R19.3 
R19.3 
R19.2 
7219.2 
RlV.2 
R19.2 
7219.1 
7219.1 
R1V. 1 
R19.0 
R19.0 
7219.0 
R19.0 
R19.2 
R19.2 
7219.1 
7219.1 
R19.0 
R19.2 
7219.2 
R19.1 
R19.1 
R19.0 
R19.1 
7219.1 

V RE P I  
us 
2.83 1523 0.661 
2.83 1523 0.661 
2.83 1523 0.661 
2.83 1523 0.661 
2.83 lS23 0.661 
2.83 1523 0.661 
2.83 152) 0.661 
2.83 152b 0.661 
2.83 lS2b 0.661 
2.83 1524 0.661 
2.83 152b 0.661 
2.83 152b 0.661 
2.83 152s 0.661 
2.83 1523 0.66: 

2.83 152b 0.661 
2.83 152b 6.661 
2.83 lS2b 0.661 

2.83 1523 0.661 
2.83 152b 0.661 
2.83 1524 0.661 
2.83 1524 0.661 
2.83 152b 0.661 
2.83 l52b 0.661 

2.83 1523 0.661 

2.as 1523 0.661 

--Uncertaintin-- 
utw U t f  Ure 

K K X  
1.10 0.50 11.27 
1.10 0.50 11.27 
1.10 0.50 11.27 
1.10 0.50 11.27 

1.10 0.50 11.27 
1.10 0.50 11.27 
1.10 0.50 11.27 
1.10 0.50 11.27 
1.10 0.50 11.27 
1.10 0.50 11.27 
1.10 0.50 11.27 
1.10 0.50 11.27 
1.10 0.50 11.27 
1.10 0.50 11.27 
1.10 0.50 11.27 
1.10 0.SO 11.27 
1.10 0.50 11.27 
1.10 0.50 11.27 
1.10 0.50 11.27 
1.10 0.50 11.27 
1.10 0.50 11.27 
1.10 0.50 11.27 
1.10 0.50 11.27 
1.10 0.50 11.27 

1.13 0.5n 11.27 
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T a b l e  3 (ccntinued) 

I 
Q 

0.000 
t .2m 
2 . w  
SA10 
5.000 
6.W 

8.903 
10.1M 
1l .W 
lZ.7W 
15.910 
1’I.ZLo 

5 .m 

7.- 

2 . w  

7.601 
1 o . m  
12.700 
2.uo 
Sodo 
1.620 

10.1b1 
rz.rl3 
l.w 
1.s3 

I Tu 
m C  

-O.!U 297.Y 
-0.S18 297.I 
-0.m 297.m 
-0.318 291.05 
-0.518 m.05 
-0.518 m.86 
-0.m m.05 
-0.m zpT.81 
-0.318 m.0 
-0.318 297.81 
-0.305 297.m 
-0.318 m.14 
-0.m 291.69 
-2.m m.06 
-2.m m.64 
-2.m 291.86 

- 2 . 3 1  m.* 
2.191 rn.Y 
2.223 101.86 
2.223 297.62 
2 . a  zQr.61 
2.223 297.n 

-3.b- ZPT.IA 
5.b- ZO?.bl 

- 2  ’3 n7.w 

l f  
C 

m.1 
291.20 
m.11 
291.03 
291.91 
2w.Y 
2w.n 
a7.w 
2W.M 
m.12  
m.4Y 

ma 
m.11 
247.91 
m.n 
m.60 
2W.23 
m . l l  
m.91 
m.n 

29r.u 

nl.n 

m.n 

n7.a 

a r  .n 

? 
U. 

m 0 . 1  
RlO.6 
R1O.S 
R10.b 
RlO.3 
910.; 
R10.2 
R1O.l 
R10.0 
Ro9.Q 
n w . 8  
Rw.? 
RW.6 
R1O.S 
R1O.S 
7: 1.2 
Rl0.O 
Ro9.8 
R1O.1 
RlO.3 
RlO.2 
R1O.O 
R w . 8  
RlO.2 
RlO.2 

v m n  
u s  
6.38 JPDI 0.661 
6 . 1  l39G 0.661 
4.38 yo0 0.661 
6.38 yo0 0.W 
6.38 Wot O . U ?  
6-V %GI 0.W 
6.37 3602 0.661 
6.37 JIQf 0.661 
6.37 SbQ3 0.661 
6.37 yo1 0.661 
6.Y %OS 0.61 
6.56 %OS 0.661 
6.36 MO6 0.661 
6 . 1  yo0 0.661 
6 . 1  Yo1 0.661 
6.37 3ro2 0.661 
6.31 YOJ 0.661 
6.56 %OS 0.661 
6 . 1  WOG 0 . e l  
c . 1  yot 0.661 
6.57 YOz 0.661 
6.31 Wd 0.661 
6 3 6  %OS O h 1  
b.37 YOz 0.M1 
6.31 YOz 0.661 

--Vrc-.aimiu-- 
n u  utf v. 

C K l  

1.10 0.50 11.27 
1-10 030 11.27 
1-10 0.R 11.27 
1.10 0.R 11.27 
1.10 0.R 11.n 
1.10 0 .s  11.27 

1.10 0.50 t1.R 
1.10 0.50 lt.27 
l.l!l O..‘ 11.n 
1.10 0 . 1  11.27 
1.10 0.50 11.27 
1.10 0.w 11.27 
1.10 0.w 11.27 
1.10 0.50 11.27 

1.10 0.w 11.27 
1.10 0.w 11.27 
1.lJ 0.50 11.27 
1.10 0.w 11-27 
1.10 0.M 11.27 
1.10 0 . 3  11.21 
1.10 0.50 11.27 
1.10 0.w 11.27 
1.10 0.50 11.27 

1.10 0.10 11.27 

1.10 o . ~  11.27 
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Table 3 (continued) 

*Pl w t w  
L I . 1  I 
1.51 -0.m 0.QltJ 17.% 

I l m  
Q c m K  

1.- 0.6% 2w.P 
2.w 0.65s rn.Y 
).om O M S  m.ll 
7.- 0.- ma 

10.W 0.w m.24 
12.m 0.w m.Lr 
1s.- 0 . a  ma 

I T l m  1f u I r n  
Q 

E.00 
1 . m  
2.m 
Lr10 
1.- 
b.SU 
7.- 
8.905 

1o .w  
I l . u o  
t2.m 
1s.m 
1 s . w  
2.m 
S.Qo 
7 . w  

10.175 
12 .m 
2.W 
5.- 
?.a 

1 a . w  
r 2 . n ~  
?A07 
7.m 

m r  
-0.- 2w.41 
- 0 . 3 ~  m.n 
-0.m m.Y 
-0.SW m . s 1  
-0.su m.sr 
-0 .m m.a 
-0.m m.ll 
-0.m ma 
-0.1U m.30 
-0.su 2m.m 
4.3M m.29 
-om8 m.27 
-0.- m.24 
-2.m m.ra 
-2.- m.01 
-2.2s m.27 

-2.m m.s2 
2.197 m.25 
2.223 m.u 
2.m m.19 
2 . a  m.?z 
2.223 m - 1 7  
-J.W m.n 
1.4m ae.11 

-2.m m.n 

C L h  
m.u mz.6 
z)).ss m2.s 
m.51 m2.o 
m.* 7211.7 
m.u R11.4 
m.m R11.2 

m.zr m0.b 
2W.X R M J  
m.20 R10.0 
2W.Y RDl.7 
m.11 m . 4  
2W.w m . 1  

2m.U m1.4 

m.n mo.9 

m.si m2.o 

m.n mo.9 
m.w mo.3 

m.51 m2.o 

=.a mo.9 
ae.s mo.1 

m.n ~ 1 0 . 9  
m.n mo.9 

m.u Rm.7 

2m.u Rll.4 

m.u m . 7  

.I* 
12.63 
1Z.U 
12.62 
12.62 
1Z.U 
12.U 
12.U 
12.62 
1Z.U 
12.61 
12-61 
12-61 
12.11 
12.U 
12.62 
12.U 
12.U 
12.61 
12.U 
12.62 
02.e 
12.U 
12.61 
12.U 
12.U 

ma a m  
yn 0.Yl 
yn 0.Y1 
yo 0.Yl 
6yD o a 1  
yL1 0.Yl 
YQ 0.Yl 
YP 0.Y1 
YQ 0.m 
YY 0.Y1 
w 0.Y1 
dm 0.Y1 
yb 0.u1 
arn 0.Y1 

UQ 0.YI  
YQ 0.Yl 
Lo1 0.Ul 
101 0.Y1 
Mm 0.Yl 
YP 3.Y1 
w 0.661 
(w 0.Y1 
a62 0 . w  
dllz 0.Yl 

yo o m  

--UuuWntIa-- 
y t r y t t y .  

c c x  
1-10 0.m 11.27 
1.10 0.50 11.27 
1.10 0.m 11.27 
1.10 0 3 0  11.27 
1-10 0 so 11.27 
1.10 0.w 1c.n 
1.10 0.9 11-27 
1.10 0 .1  11.27 
1-10 0.m 11.27 
1.10 0.I- 11.27 
1-10 0 3 4  11.27 
1.10 0.m 1l.D 
1.10 0.m 1 l . Z  
1.10 0.m 11.27 
1.10 0.50 11.27 
1.10 0.50 11-27 
1.lt 0.w 11.27 
1.10 0 . 9  11.27 
1.10 0.m 11.27 
1.10 0.- 11.n 
1.10 0.50 11.27 
1-10 0.50 11.27 
1.10 0.50 11.27 
1.10 0.w 11.27 
1.10 0.50 . .n 
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Table 3 (continued) 

CHI 
um 
6.9 

- - j a b - -  

y I I , V t t y .  
C f .  

1-10 @.sa I r a  
1.Y LS 11.27 
1-10 @.S 11.27 

1 . n  e.n i t a  

1.n e.- i:-n 
3-10 a.n i t a  
1.w e-% i t a  
1 . n  a - n  1 i . v  
1.m a.n iia 
1-10 0 .s  1127 
1.10 e.% 11.27 
1.w @.W 1127 
1 . n  0 .9 1 1 3  
1.- a .s  1 l . V  
1.H a.50 l%.V 
1-la e.n 11-27 
1.H 0 . s  11.n 
1 . n  @.sa 11.27 

1.H @.sa 11.27 

1.lO 0.m 1r .v  
1.m a - 9  11.27 
1.M 0 s  11-27 
!-!O 0.w 11.n 

1 . 1  o s  1 r . n  

1 . n  @.so 11.~1 
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Table 3 (continued) 

-4art~IRia-- 
w m m f -  
C C l  

1 . u  0.w 11.21 
1.w (130 1 1 3  
1.w 0 s  11.27 
L W  (1.w 11.n 
1 .n  e.s 11.n 
1.w 0.s 1 1 a  
1.w (1.s 1 1 m  
1 . n  (1.w 1 1 1 1  

1 . n  0.9 11.21 
1.w e.m i s m  

1 . n  e.w i t a  
LH o s  11.11 
1 . n  0.w 11.21 
1.w 0.- 
1 . n  e.w i t a  
1.- o s  i 1 . n  
1.m 0.w 11.21 
1.w O.w 11.n 
1.10 e.n 1 i . n  
1 . n  0.- 11.n 
1.10 0.w 1l .W 
1.10 (1.- 11.21 
1.w 0.n 11.21 
1.10 0.n t1.n 
1.10 a.so 11.27 
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Table 3 (continued) 

I T Tu I f  v I C C I  
a 

0.009 
1 .m 
2.m 
3.010 
1.- 
4.W 
7.- 
a.9m 

10.- 
11.430 
t2.m 
13.m 
1S.W 
2.m 
1.00 
7.601 

1o.m 
1z.m 
2.w 
1.oD 
r.&o 

1o.lbr 
12.713 
7.m 
7 . a  

1 m 1  0.Yl 
1- ..a1 
1 m  U.Yl 
1- 0 . w  
1- 0 . w  
llpI ..a1 
1 m P  0 . m  
1- .a1 
l a  0.61 
rm @.a1 
1- . A 1  
rm ..a1 
llzn 0 . w  
I n n  Q.Yl 
lnn 0.Yl 
i n m  o.ni 
1 m  0 . w  
lnm 0.m 
I n n  . a 1  
lpw 0 . w  

lnn 0.m 
t m  0 . a  
l r m  0.Yl 
1 7 m  0.Yl 

i n m  o.ni 

--Mrt.IRlm-- 
m w y .  

K Z S  
1.n o.n i1.a 
1.n  0.n 9i.n 
1.m o s  1c.n 
1.w o.n 11.0 
1 .n  0.n 1 i . a  

1 .n  0.n 1 i . n  
1.m o.n 1 i . a  

1.w o.n 11.11 

1.w 0.n 11.n 

1 .n  O.x 1 1 a  

1 .n  0 3 0  11.0 
1.10 0 3 0  11.a 
1.10 0 . s  1127 
1.w 0 3  1 1 a  
1 .u  0.w 11.n 
l.u 0.w 11.0 
1.w 0 . s  11-27 
1.w @.sa 11.n 

1-10 0.w 11.21 
1.w 0 . s  11-27 

1.10 a 3  11.27 
1.10 Q.S 11.21 
1.10 0.w 11.n 

1.n o,m i t a  

1.10 0 . n  t9.n 
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Table 3 (continued) 

X 

Q 

0.- 
1-rn 
L.SZ? 

I .OD 
b.M 
T . K O  
0.90 

10. la 
11.00 
r2.m 
11.m 
1 S . W  
2 .sn  
I.0) 

s.cw 

r . w  
1o.m 
12-rn 
2.- 
5 . 0 0  
?.e 
10.14? 

I.@? 
7.- 

1z-m 

R 

0.w 

0.w 
0.LLl 

*Ab1 
#.Ul 
0.m 
0.Yl 
0.Yl 
0.Yl 
0-1 

0.Yl 
0.w 
0.Yl 
0-Yl 
0.YI 

0.w 
0.w 
0.Yl 
0.u 
0.w 
0.Yl 

o.ni 

e.ui 

o-ni 

m.Yi 

--Incia-- 
c r t . n t -  

K S X  

1.w @.so 11.n 
1.N 0.Y 11.2? 

9-10 0,s 1i.n 

1.w 0.m 11.n 
1.m 3.w 1i.n 
i.:m 0.n i1.v 
1.n m-s i1.n 
8-10 0.n $1-n 

1.n 0 . s  11.2t 
1.10 @.so r i a  

1.m 0.10 11.n 

1.10 0.50 11-77 

1-10 0.50 11.n 

!-le a.s 11.27 
1.m 0.50 11.n 
1-10 0.Y 11-27 
1.1c 0.50 11.n 
1.10 0.50 11.2? 
1.10 0.w 11.27 
1-10 0.n 11-27 

1-10 0.w 11.27 
1.10 0 . s  11.n 
1-10 0.w 11.n 
1-10 0.w 11.n 

1-10 0 . n  1i.n 
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Table 3 (conticued) 

I 1 Tu 
O O K  

1.- 0.as m . 1 3  
2 . W  0.- 291.01 
s.pD 0-6s  291.13 
7.- 0.- m . l b  

1o.w 0.6s 291.13 
1 2 . m  0 . M  m.l4 
11.m 0.6s m . 1 1  

I 
a 

0.00 
1 .zm 
2.m 
1.110 
S.m 
b . M  
7.620 
1.905 

10.160 
1 1 . a  
1 2 . m  
11.m 
1S.NQ 
2.m 
5 .oIo 
?.a7 

1 2 . m  
2.w 
S.oID 

10.1b7 
12.ns 

io.in 

r . w  
r.us 

1 Tu 1t c 
a 1  I( m 

-0.- m . 1 2  zw.w 7Y.z 
-0.1u m.07 a6.P) R y . 8  

.O.fU m . 1 1  2m.m R Y . 1  
-0.1u 201.W m.w mb.7  

-0.m 295.07 m.02 1217.9 
-0.305 201.W m.ao m 4 . S  
-0.318 295.07 2S.W Rl1.1 
-0.Sl8 2B.Y m.05 m7.7 
-0.Jos m.07 m.06 R y . 4  

-0-95Y 2B.0 291.W 7227.b 
-2.m m.06 2s.w m 1 . s  
- 2 . m  295.20 M . W  R y . 7  
- 2 . a  m . 1 0  ZV5.M Rl7.V 
-2.223 m.m m.06 7241.1 
-2.m m.06 zpJ.,Y 7Z%.b 
2.191 m.06 2s.w #-A:.: 
2.m m.07 291.99 R y . 7  
2 . 0 1  m.ob 291.02 m7.v 
2.m m.ob m.w m 1 . 2  
2.m 291.07 295.06 Ry.1 

-f.brrf 295.01 ZW.02 m7.V 
L b V S  =.Ob m.02 Rl7.V 

-0.m m.m zm.w m1.s 

- 0 . 1 ~  =.a 291.60 mi.1 

-0.118 m.01 m.a m1.o  

v m m  

50.27 mu 0 . Y l  
50.2s me 0 . U l  
50.11 m9 0 . u  
50.36 nut 0 . Y l  

50.39 zluo 0 . m  
50.bl 27459 0.Y1 
50.bb 27bW 0 . M  

50.N mU 0.Y1 
50Sl  Z N 7  0 . w  

X.Y nu1 0.661 
50.11 2 I u 1  0.661 
50.n tt(l0 0 . Y l  
50.bl 2 W V  0.Y1 

50.Sl ms7 0 . Y l  
50.31 2-1 0.YI 
9.17 - Am 0 . m  
W.bl nbS0 0.661 
50.U DbW 0.Y1 
W S 1  2 7 W  0.661 
X b l  2lbW 0 . Y l  
)0.*2 Z?bH 0.661 

U S  

50.n zm 0.661 

10.u mn 0 . ~ 1  

s0.n zlu~ 0 . m  

50.4 znn 0 . ~ 1  

--urrrrrfrntr-- 
m ytt um 

Z K 1  
1.10 0.50 11.27 
1.10 0 . s  11.27 
1-10 0.50 11.27 
1.10 0.50 $1.27 
1.10 0.50 11.27 
1-10 0.50 11-27 
1.10 0.50 11.27 
1.10 0.w 11.27 
1-10 0.50 11.27 
1.10 0.50 11.27 
1.10 0.50 11-27 
1.10 0.50 11.27 
1.10 0-50 1..n 
1-10 0.50 11-27 
1.10 0.50 11-27 
1.10 0 3 0  11.n 
1.1c 0.50 11.27 
1.10 0.50 11.27 
1.10 0.50 11.27 
1.10 0.50 11.27 
1.10 0.1’ 11.27 
1.10 0.w 11.27 
1-10 0.50 11.n 
1.10 0.w 11.n  
1 . N  0.50 11.27 
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Table 3 (continued) 

~ ~ n a m  
C K t y c l W a  

2W.M 291.81 16.59 m . 4  

Po-• V f  f Yf 
L h t  I 
a.10 -0.01 0.00637 17.20 

I v T u  
a o l  

1 . m  0.65s zor.74 
2.540 0 . m  ZP4.h 
5.060 O M 5  ZCI.R 

1 o . w  0.455 29b.n 

13.653 0.6% zpl.78 

7 x 0  9 . m  Zpl.74 

12.700 O.M m.n 

I 
a 
O.Oo0 
1.210 
2.527 
3.810 
5.000 
6.W 
7.610 
8.- 

10.160 
11.00 
!2.m 
13.VR 
15.210 
2.527 
1.m 
7.607 

10.1n 
12.700 
2.540 
5.000 
7.m 

10.147 
12.11s 
7.607 
7.63s 

1 Tu 
C D K  

-0.9s 2w.n 
-0.318 29b.n 
-0.350 1pl.n 
-0.311 2w.n 
-0.318 2W.n 
-0.Sl8 2w.n 
-0.350 2w.n 

-0.318 2M.R 
-0.S18 2w.n 
-0.58 1pl.n 

-0.m 2M.k 

.o.w m.n 

- o m  2w.n 

-2.m zp1.m 

-2.m 2M.m 
- 2 . m  Z%.R 
-2.223 2M.R 
-2.m 1pl.Y 
2.197 291.?6 
2.m m.7b 
2.22s m.74 
2.223 Z%.n 
2.22s m.n 
-3.495 2M.n 
3.495 291.76 

If 
I( 

2vb.U 
296.65 
2vb.66 
29b.U 
29b.M 
2vb.69 
m.m 
m.n 
2vb.R 
291.73 
2vb.n 

291.76 
2vb.66 
2vb.u 
a4.10 
29b.R 
2vb.7b 
2vb.66 
29b.M 

2Vb.R 
29b.74 
291.10 
2vb.10 

m.n 

m.m 

c 
U C  

n a r . 4  
7 m . 8  
M . 1  
TJW.4 
M . ?  
M . 1  
m2.4 
7S21.7 
7325 .O 
m o . 4  
m v . 7  

7318.3 
7S2S.1 
7525.7 
m.4 
mu1 .o 
n1v.7 
7325.1 
M.? 
m2.4 
-1.0 

7322.4 
752Z.C 

n i v . 0  

n i v . 7  

v I ? a  

20.15 11111 0.661 
29-15 11111 0.661 
20.1s 11110 0.661 
20.16 11110 0.661 
8 - 1 6  11110 0.661 
20.16 11110 0.461 
20.16 11109 0.661 
1 . 1 7  11109 0.661 
20.17 11109 0.661 
20.17 11109 0.661 
20.17 l l l W  0.661 
20.18 1118 0.661 
20.18 lllQ 0.661 
20.15 11110 0.661 
20.16 (1110 0.661 
20.16 11109 0.661 
20.17 11109 0.661 
20.17 11109 0.661 
20.15 11110 0.661 
20.16 11110 0.461 
1 .16  11109 0.661 
20.17 11109 0.661 
20.17 11109 0.661 
20.16 11109 0.661 
20.16 l l l o Q  0.661 

.I8 

- -Urwtrintin-- 
mu Wf v. 

K C X  
1-10 0.50 11.27 
1-10 0.50 11.27 
1.10 0.50 11.27 
1-10 0.50 11.27 
1-10 0.50 11.27 
1.10 0.50 11.27 
1.10 0.m 11.27 
1.10 0.50 11.27 
1.lC 0.50 11.27 
1.10 0.50 11.27 
1.10 0.50 11.27 
1.10 0.50 11.27 
1.10 0.50 11.27 
1.10 0.50 11.27 
1.10 0-50 11.27 
1.10 0.50 11.27 
1.10 0.50 11.27 
1.10 0.50 11.27 
1.10 0.50 11.27 
1.10 0.50 11.27 
1.10 0.50 11.27 
1.10 0.50 11.27 
1.10 0.50 11.27 
1.10 0.50 11.27 
1.10 0.50 11.27 
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Table 3 (cont inued) 

-1 Spcim 
E l p r i r n t  2 
Oat.: 6 W t  1- 
Ti.: 09:42:a 

m+i vt t ut 
w a x  X 
2.05 -0.01 0 . W l  16.40 

I t Tu 
m a g  

1 . m  0.665 m.67 
2.- 0.655 296.46 
5.- 0.655 m.46 

10.160 0.66s 291.46 
t2.700 0.665 zQ1.67 
1S.653 0.665 m.69 

7.- 0.- m.m 

I 
0 

0.000 
1.2m 
2.527 
1.810 
5.- 
6.M 
7.620 
8.W3 

10.160 
1l.uo 
12.700 
lS.970 
15.240 
2.527 
5.000 
7.607 

12.700 
2.540 
S.m 
7.620 

10.147 
12.715 
7.607 
7.- 

10.17s 

1 TU 

a c  
-0.965 a.66 
-0.316 291.66 
-0.m 296.66 
-0.316 zp(.69 
-0.318 m.66 
-0.51a m.67 
-0.530 m . 6 6  
-0.m m . 6 6  

-0.511 m.& 
-0.m m . 6 6  
-0.516 291.b7 
-0.m 291.67 
-2.223 m . 6 6  

- 2 . a  296.67 
-2.223 296.67 
-2.223 291.66 
2.191 291.66 
2.m m.69 
2.223 291.m 
2.223 m.46 

- S . W  2S.M 

- o s a  m . 6 7  

-2.235 m.n 

2.223 291.m 

s m  m.m 

I t  
K 

291.61 
m.62 
m.0 
zp(& 

291.65 
29b.66 
291.67 
m.46 
291.19 
291.70 
2s.n 

2w.n 
296.R 

296.0 
296.65 
296.67 
296.w 
291.n 
m.u 
29b.65 
291.67 
291.69 
29b.71 
29b.67 
29b.b7 

c 
U. 

T w . 6  
m . 4  
T w . 3  
T w . 1  
w . 9  
W . 6  
W . 6  
w . 4  
I w . 2  
7S42.1 
Ty1.9 
7361.7 
7Sl.b 
T w . 3  
I w . 9  
m.6 
7362.2 
Iy1.9 
m . 3  
7 w . 9  
7S42.6 
7SbZ.S 
7341.9 
W . 6  
Ty2.6 

v I E P I  
us 
9.22 rn 0.661 
9.22 rn 0.661 
9.23 ma 0.661 
9.23 sa0 0.661 
9.23 5om 0.661 
9.23 rn 0.661 
9.23 rn 0.661 
9.23 w 0.661 
9.t) 5oea 0.661 
9.23 5w7 0.661 
9.23 5097 c.661 
9.23 5097 0.661 
9.23 5w7 0.661 
9.23 rn 0.661 
9.23 rn 0.661 
9.23 s090 0.661 
9.23 5om 0.661 
9.23 5097 0.661 
9.t) so90 0.661 
9.2s IODI 0.661 
9.25 5m 0.661 
9.23 5096 0.661 
9 . 0  -7 0.661 
9.23 5 o m  0.661 
9.2s 5 o m  0.661 

--i*swtalnc ies- - 
utu at Vr. 

K K X  
1.10 0.50 11.27 
1.10 0.50 11.27 
1.10 0.50 11-27 
1.10 0.50 11.27 
1.10 0.50 11.27 

1.10 0.50 11.27 
1.10 0.50 11.27 
1.10 0.50 11.;’ 
1.10 0.50 11.27 
1.10 0.50 11-27 
1.10 0.50 11.27 
1.10 0.50 11.27 
1.10 0.50 11.27 
1.10 0.54 11.27 
1.10 0.50 11.27 
1.10 0.50 11.27 
1.10 0.50 11.27 
1.10 0.50 11.27 
1.10 0.50 11.27 
1.10 0.50 11.27 
1.10 0.50 11.27 
1.10 0.50 11.27 
1.10 0.50 11-27 
1.10 0.50 11.27 

1.10 0 . s  11.27 
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Table 3 (cont inued) 

T I  18 a Po 

299.20 m.b 4.1 W . b  
K K w* 

P o 4  V f  ot 
m x u x  
3.92 26.13 zYz.0 1.w 

I 'I Tu 
a m K  

1.- 0.85 6W.n 
2.W 0 .8s  519.5 
S.OW 0.85 W9.N 
7.- 0.8s w.22 

10.160 0.05 M.07 

13.bSS 0.85 ??LS8 
12.m OSS rw.o 

O.Oo0 
1.2m 
2-52? 
3.810 
5.000 
b.MS 
?.eo 

10.160 
11.w 
12 .m 
13.979 
1 s . w  
i 527 
5.- 
7.607 

12.m 
2.W 
5.W 
7.- 

12.713 
7.607 
7.- 

a.m 

1 o . m  

1 0 . w  

-0.- 
-0.318 
-0.330 

-0.318 

-0.m 
-0.m 
-0.316 
-0.318 
-0.m 
-0.118 
-0.m 
-2.223 
- 2 . m  
-2.235 
-2.223 
-2.223 
2.197 
2.223 
2 . m  
2.223 
2.m 

-3.4VS 
3.4P) 

-oma 

-0.31a 

W . b  
W . 3  
w . 0  
M . 7  
W . 3  
M . 0  
w11 .I 
w 1  -4 
w11.0 
wio.7 
w . 4  

y99.7 
w1s.o 
M . 3  
%I .7 
-1 .o 
W . 4  
W . 0  
W . 3  
w1.7 
3441 .o 
W . 4  
zut.7 
-1.7 

wa 

10.06 
11.15 
12.25 
13.30 
1 6 3  
1S.42 
lb.46 
1r.M 
1a.e 
19.8 
2o.u 
21.n 
22 .Y 
11-01 
1 4 . 1  
16.19 
18.3s 
20.U 
11.91 
1s.w 
1b.13 

2o.a 
1s.m 

1a .a  

1s.n 

2s97 0.- 
241s 0.w 
zzdd 0.w 
2141 0.666 
z(u1 0.666 
1931 0.- 
labs 0.666 
1763 0.666 
1695 0.m 
1650 0.666 

IS17 0.- 
1- 0.- 
Z1R 0.- 
1m 0.666 
I n 9  0.666 
1630 0 . w  
IS13 0.666 

1945 0.666 
17b1 0.bbb 
1615 0.666 
1bV? 0.- 
1m 0.666 
1666 0.- 

1sn 0.666 

21n 0.666 

15Y 9.c) 
IS31 8.b7 
1223 b.!;O 
1lW 5.M 
1w 5.22 
1- b.91 
ton 4.8 
1- b.SO 
1m 4 . S  
I122 4.29 
1 p 1  4.SS 
1w s.as 
16W b.U 
1tTl b.23 
1WO 5.1b 
to)? 4.49 
10% b.lS 
11% b.Sb 
l t lr  6.20 
1 8 7  4.99 
1039 4.b5 
!OW 4.23 
12b.3 4 3 9  
ION 4.37 
991 4.21 

.--......ltrr~.inti".----.--...-- 

K b Y t r Y t f Y r * H  uu 
I ( K I t X  

10.08 1.10 2.16 11.27 11.bO 12.64 
10.30 1.10 3.67 i 1 . d l  5.00 7.02 
7.76 t.10 &.I9 11.27 5.U 7.C1 
6.65 1.10 6.12 11.27 6.06 7.81 
6.19 1.25 7.80 11.27 6.67 8.29 
i.n 1.39 9.51 11.27 7 . a  a.9' 

5 . a  I 8 12-71 11.27 e.ia 1o.Li 
5.b3 1.52 11.32 11.27 31 V . J  

4.W ?.?& 14.15 11.27 lo.-? 11.35 
b.65 l . M  15.6L 11.27 11.65 12.6b 
5.07 i . ~  w.ia 11.27 13.47 14.15 
6 . u  1.- 1a.91 11.27 1 7 . ~ 7  1a.m 
6.W 1.92 20.U 11.27 33.00 33.37 
7.47 1.10 4.59 11.27 SA6 7.35 
6.11 1.27 7.80 11.27 6.65 8.27 

4.7b 1.82 1b.17 11.27 9.92 11.07 
5 . a  1.57 11.30 11.27 a.15 v.3: 

&.at 1.99 v. ia  11.27 11.11 ic.01 
7.U 1.10 b.60 11.27 5.67 7.36 
5.W 1.29 7.m 11.27 6.55 8.18 
5.21 1.s t1.x 11.27 a.12 9.49 
4.w i.ai 14.14 1 1 . ~ 7  10.07 11.21 

1.12 1.60 11.~0 11.27 a.02 9.41 

4.w 1 . 6 ~  i1.w 11.27 7.aa 9.29 

5.10 1.97 17.20 11.27 13.77 1L.bZ 
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Table 3 (continued) 

noc-.16 1-: 

K T Tw 
Q O I  

1.- 0.16) bM.m 
2.w 0.63 b28.R 

7.- 0.- m.u 
10.140 0.- nb.B 
1 2 . m  0.16) %la 

5 . ~ 0  0.- ur.n 

1 x . a  0 . a  m.is 

n-?l w at up 
L h x u x  
8 . 9  26.13 ZiQ.0 1.07 

K 
a 

0.- 
1 . m  
2.w 
3.810 
5.010 
b 3 3  
7 . a  
8.- 

10.140 
11.- 
12 .m 
13.m 
1 5 . M  
2.927 
1.- 
7.607 

1 2 . m  
2 . w  
5 .a0 
7.620 

1O.W 

7.607 
7.m 

10.113 

i 2 . m  

V 
wr 
n .a 
=A9 
P.R 
w.89 
Y.01 
2r.a 
28.6 
zo.67 
30.8, 
Jz.ol 
B.15 
3b.Y 
s.n 
a.n 
2S.m 
2r.bl 
a.82 
P.12 
a b 2  
a.n 
27-15 
29.52 

21.59 
3 i . n  

a.n 

1 T i  

wis 0.m 
a a 7  0.m 
5117 0.m 
b950 0.- 
b r n  0.- 

0.666 
U l 3  0.666 
uy 0.666 
e67 0.666 
blS9 0.666 
bQs9 0.666 
3m8 0.666 
Jy) 0.- 
o b 1  0.w 
uw 0 . a  
bat 0.666 
bo15 0.666 
3814 0.666 
b7l8 0.m 
ccu 0.666 
b187 0.666 
mo 0.666 
mt 0.666 
a 5  0.666 
38b5 0.666 

.e-.. 

L u I u y h r  

W(.'.lO K 
nr, lo.a a.n i.ro 
3070 18-01 1o.a 1.10 
Zm 1b.Y 16.03 1.10 
zyf 12.93 1b.U 1.10 
2380 12.U 1b.07 1.10 
o(b 12.16 13.52 1.10 
a 1 2  1134 12.80 1.10 
tllp 10.Y 12.03 1.10 
B 10.51 11.59 1.10 
210 10.Y 11.51 1.10 
a07 ll*& 12.n 1.10 
a00 1b.U 15.U 1.10 
bW0 11.1) 18.U 1.10 
216 13.U 15.12 1.10 
2139 91.2r 12.w 1.1Q 
219) 10.89 12.12 1.10 
tlol 10.) 11.51 1.10 
Zm 10.91 11.91 1-12 

mr 11.91 1t.n 1.10 
n w  1o.n 11.m 1.10 

ZUQ 1 l . U  12.w 1.11 
2111 1o.n 1 l . Y  1-10 
m 1  9.u 11.02 1.10 

ais t3.w 1s.a 1-10 

2 1 ~  10.01 - 1 . i ~  1.10 

..--Ururt.(nt(r..-------- 
u t t u l w *  Hu 

K X X X  
1.w 1 i . n  i1.m 12.81 
1.91 11.21 5.17 1.U 
2.b9 11.27 1.?l 7.% 
3.31 11.27 6.26 1.- 
b.21 11.27 6.W 1.53 
5.16 11.27 7.n 9.20 
6.10 11.27 8.bl 9.92 
6.B 11.27 9.11 10.61 
7.4 11.27 1 O . I  11.22 
8.b3 11.21 11.56 12.38 
9.1 1 l . n  13.26 1b.16 

10.19 1 l . n  16.95 11.U 

2.b9 11.27 1.57 7.b3 
b.21 11.27 6.W 6.16 
b.09 11.27 8.2V 9.U 
7.4 11.27 10.00 11.11 
9.26 11.27 13.13 16.03 
2.50 11.27 1.61 1.66 
b.21 11.n 6.n 6.M 
6.10 11.21 8.22 9.58 
7.62 11.27 9.86 11.01 
9.n 11.27 13.86 16.7; 
b.09 11.27 8.05 9.63 
b . l l  11.21 7.82 9.21 

1i.m 11.27 w.n  3s.1 
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Table 3 (continued) 

TI T) n m m-ci v t  at um 
I: C k @ l d a L I .  X Y X 

291.81 b1V.W 14.n 5411.3 20.Y 26.M m . 0  1.11 

X v Tu 
m a c  

1.Sa 0.6% m . 1 0  
2 . w  0.65s 3n.15 
S . a  0.655 592.15 
1.620 0.655 413.26 

10.160 0.655 up.26 
12.?U' 0.65s bb3.14 
13.6S3 0.655 450.U 

o.Oo0 -0.w 
1.2m -0.318 
2.527 -0.330 
S.810 *0.318 
5.080 -0.318 
6.363 -0.31a 
7.620 -0.330 
8.903 -0.30s 

10.160 -0.318 
11.430 -0.318 
12.700 -0.30s 
1S.m -0.318 
15.240 -0.m 
2.521 -2.223 
5.- -2.235 
7.601 -2.235 

12.100 -2.223 
2.w 2.197 
s . o g  2.223 
1.620 2.223 

10.1b1 2.223 
12.113 2.223 
7.601 -3.b93 
7.633 3.493 

1 o . m  -2.223 

322.86 
Y1.d 
360.31 
3?l. 12 
3m.a 
3W.W 
boo.57 
bl0.M 
bl1.83 
us.y 
bs3.26 
w.02 
u3.R 
%.la 
3v2.60 
b08.07 
us.5) 
4bl.W 

3m.Y 
a. 1s 
b24.U 
U0.Y 
417.51 
blV.ll 

w.n 

m.n m.a w i . 3  

311.1~ 311.~3 m1.a 
301.b1 307.60 3bS.S 

S26.4s 3a.a M . 1  
m.n ns.81 3b3b.3 
x5.n 3b3.L; wIz.6 
3n.Y 3n.a w30.8 
36b.22 366.41 yzp.1 

M2.m =.Po f(zs.6 

bo1.u 01.u 3422.1 
bl0.W b11.12 3b20.4 
318.65 318.n W 1 . 8  
m.ss 338.68 3b3b.3 
m.79 358.95 W0.v 
3W.21 3W.M 3b21.3 
m . 1 4  591.93 w . 9  
318.75 318.0 3431.8 

3S.W 3S9.I WO.8 
fW.06 m.0 n21.4 
m.a m.02 3423.9 
364.10 366.0 3430.9 
36S.06 36S.19 WO.8 

3n.53 3n.n M r . 4  

m1.n mt.01 3423.9 

m.n 338.68 w1.3  

31.31 
9Q.Y 
40.81 
u.01 
U.20 
t 4 . U  
6 . 6 5  
k6.S 
u. 09 
bV.26 
S0.U 

%.PI 
m. 18 

U.W 
b5.U 

s8.19 
40.Y 
u .01  
b S A 3  
b1.Q 
40.1s 
59.81 

s1.n 

a m  

41.m 

m 0.w 
w82 0.- 

9m 0.665 
V216 0.6% 
POU 0.668 
wm 0.6% 
8nv 0.666 

ab29 0.666 
nas 0.666 
8151 0.666 
m a  0.- 
8891 0.w 
msY 0.6% 
8202 0.w 
?a97 0 . u  
? a 1  0.- 
am 0.w 
6533 0.669 
mol 0.6% 
rpoo 0.666 
?a0 0.- 

tsn 0.w 

sm 0.666 

rm 0.w 
nw 0.- 

31 .u  39.10 1.10 
31.62 33.81 1-10 
a.93 21.81 1.10 
24.03 2s.n 1.10 
24.09 d.81 1.10 

22.n 2b.52 1.10 
22.07 Z3.W 7.10 
2 2 s  u.w 1.10 
22.37 23.n 1.10 
23.00 2b.n 1.10 
26.91 26.30 1.10 
30.68 31.U 1.10 
24.36 26.22 1.10 
1V.Y 21.51 1.10 
21.18 22.n 1.10 
21.u 22.06 1.10 
22.36 23.u 1.10 
21.20 26.06 1.10 
22.26 25.1 1.10 
21.18 22.n 1.10 
21.10 23.10 1.10 
22.w 23.w 1.10 
19.30 20.89 1.10 
19.01 20.51 1.10 

a m  a . ~  1.10 

0.81 11.21 12.W 13.41 

1.46 11.21 6.12 1.86 
1.90 11.21 6.65 8.27 
2.47 11.21 7.3s 8.64 
2.P) 11.21 8.18 9.55 
3.47 11.27 9.06 10.31 
3.w 11.21 v.11 10.88 
6 :1.21 11.ob 12.09 
4 . n  11.21 12.U lS36 

S.78 11.27 15.86 16.63 
6.26 11.21 30.62 S1.01 

2.41 11.21 6.56 8.20 
3.46 11.21 8.51 9.68 

S.26 11.21 13.11 1b.S 
1.46 11.21 5.% 7.R 
2.41 11.21 1.01 8.51 
3.41 11 .n  8.Y 9 . 8  
b.33 11.21 IO.?? 11.84 
S.26 I!.)? i3.m 1 4 . S  
3.44 11.21 8.06 0.65 
3.b1 11.21 8.02 9.41 

1.1s 11.27 5.m 1.53 

s a  11.21 i 3 . n  16.60 

1.u 11.21 5.w 7.n 

4 . y  11.21 10.69 i 1 . n  
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Table 3 (continued) 

O l r n l  t p c r r n  
E l p r l m m t  3 
O l t 8 :  6 Awut 1WO 
Tim: 15:22:37 

X 1 Tu 
a c m K  
1.w 0.655 n1.n 
2 . w  0.655 356.w 
5.m 0.655 3 7 l . H  
7.620 0.655 307.22 

10.164 0.655 3W.16 
12.700 0.655 410.20 
13.653 0.655 b15.n 

0.WD 
1.210 
2.527 
3.810 
5.080 
6.363 
7.620 
8.903 

10.160 
1 l . W  
12.m 

15.NO 
2.527 
5.080 
7.607 

12.m 
2.540 
5.000 
7.620 

10.147 
12.713 

?.a3 

13.9~1 

io . in  

7 . w  

-0.W 316.Y) 
-0.518 m.90 
-0.330 345.10 
-0.318 S L b 9  
-0.318 3tQ.u 
-0.318 367.73 
-0.550 3n.12 
-0.305 382.95 
-0.318 387.7.99 
-0.318 393.n 
-0.10) 3W.Y 
-0.518 bos.s7 
-0.953 (00.15 
-2.223 w.65 
-2.235 371.R 
-2.m 31)l.W 
-2 .m m.29 
-2.223 ((#.sa 
2.197 W.98 
2 . m  365.33 
2.223 M0.W 
2.22s s93.73 
2.221 bo5.93 

-3.b93 391.66 
3A9S 39Q.45 

297.55 
s(y.67 

318.55 
325.33 
332.32 
339.18 
3b4.18 
352.W 
359.70 
366.32 
373.39 
m.31 
113.06 
327.m 
3U.W 
S7.% 
3R.37 
312.95 
327.4s 
542.33 
357.1 
371 . I5 
3b8.16 
w7.60 

3 i i . n  

m.n 3447.3 
3ob.41 w . 5  
312.03 3441.8 
3t8.81 3bS9.0 
s2s.m 3436.2 
sy.m w . 6  
339.u 3430.7 
346.b9 3427.9 
353.31 3425.2 
560.41 3bZ2.b 
566.66 3419.7 

300.68 341b.l 
313.27 3441.8 
m.05 3436.2 

3n.D f w . 2  
3R.b7 3419.7 
311.17 3441.7 
327.67 3436.2 

357.36 f w . 2  
371.M Y19.6 
348.37 341.7 

3n.n 3416.9 

=.os 3430.7 

n2.s 3430.7 

~ 7 . 8 1  3430.7 

51 -66 
52.92 
U.17 
55.37 
56.50 
57.a2 
59.W 

61.10 
U.?1 

6J.W 
65.16 
66.bl 
50.03 
5 2 4  
n.07 
57.35 
59.73 
50.61 
53.00 
55.w 
57.m 
64.31 

50.51 

60.29 

49.m 

l n l b  
13301 
1JOpd 

12907 
12Rb 
1 M Z  
12569 
12190 
12037 
i ;a4 

1 lsas 
11u4 
12012 
116b3 
11295 
10967 

12159 
11792 
11Ul 
11117 
10020 
1ooOZ 
10158 

i in~ 

i o 6 n  

0.665 
0.665 
0.665 
0.665 
0.665 
0.665 
0.665 
0.665 
0.665 
0.665 
0.666 
0.666 
0.666 
0.661 
0.665 
0.665 
0.665 
0.666 
0.665 
0.665 
0.W 
0.665 
0.666 
0.665 
0.665 

50.01 5i.n 1.10 0.69 11.27 1s.z~ is.17 
bQ.26 U.b9 1.10 0.90 11.27 6.14 7.87 
33.32 35.26 1.10 1.11 11.27 6.45 8.11 
31.03 32.06 1.10 l.b3 11.27 6.87 8.45 
31.28 33-09 1.10 1.80 11.27 7.47 8.95 
3C.91 32.68 1.10 2.18 11.27 8.21 9.57 
30.00 31.71 1.10 2.58 11.27 8.98 10.24 
28.85 30.50 1.10 2.W 11.27 9.53 10.72 
29.0 31.1 1.10 3.21 11.27 i0.74 11.81 
29.03 30.51 1.10 3.55 11.2. 11.90 12.80 
29.71 31.21 1.10 3.W 11.27 13.00 13.90 
33.95 35.52 1.10 b.28 11.27 1b.59 15.40 
S7.76 S8.M 1.10 b.64 11.27 27.59 28.03 
3'l.U 33.36 ;.lo 1.11 11.27 6.27 7.91 
i4.81 26.59 1.10 1.00 11.27 6.52 8.lT 
27.bO 29.07 1.10 2.57 11.27 8.b3 9.76 
28.08 29.61 1.10 3.21 11.27 10.41 11.51 
26.96 30.39 1.10 3.89 11.27 12.62 13.73 
31.W 32.96 1.10 1.12 11.27 6.24 7.94 
28.80 30.59 1.10 1.80 11.27 7.11 8.65 
27.76 29.U 1.10 2.M 11.27 8.51 9.83 
27.91 2 9 . 0  1.10 3.21 11.27 10.32 '1.43 
28.71 30.1) 1.10 3.90 11.27 12.71 13.63 
21.26 2S.M 1.10 2.5? 11.27 7.79 9.21 
2b.66 26.29 1.10 2.58 11.27 7.M 9.29 

45 



Tab12 3 (cor.t inued) 

C h r n l  sp.ci.sn 
Exprirnt 3 
Date: 6 Aue~t lPp0 
Tim: l5:27:W 

TI TB M w ~ 0 . ~ 1  vf at uqt 
4 K kp/h kPa kPa X Y X 

297.58 358.53 29.39 3i49.5 62.41 26.17 2580.0 1.55 

noc-si* 1lqrr.tureS: 

rl I T i  
a a K  
1.W 0.655 338.81 
2.540 0.655 342.26 
S.w 0.655 3S2.06 
7.620 0.655 362.rW 

10.160 o . ~  370.67 
i ? . m  0.615 3n.30 
13.653 0.655 382.52 

Imu .tcd-Si& Tq.returr  md C.L~lacrd Oat.: 
Uncertainties---------- 

X I Tu T f  TY P V RE PI h W y*l U t i  Y c t  Urw Uh Unu 

---_._-__ 

m c m K  I( I(. w. us U / ( 3  'K) K K X I X  
O.Oo0 
1.270 
2.527 
3.810 
5.w 
6.365 
7.620 
8.903 

10.160 
11.430 
1 2 . m  

15.240 
2.527 
5.080 
7.607 

10.1n 
12.700 
2.540 
5.080 
7.620 

10.147 
12.713 
7.607 
7 . m  

13.970 

-0.W 310.12 
-0.318 324.85 
-0.330 331.26 
-0.318 u6.H 
-0.318 341.27 
-0.318 3b6.15 
-0.330 351.14 
-0.'- 356.68 
-0.318 359.8' 
-0.318 363.Q 
-0.305 367.92 
-0.318 3R.16 
-0.953 567.1 
-2.223 333.40 
-2.235 352.09 
-2.235 356.70 
-2.223 364.54 
-2.223 372.83 
2.197 333.80 
2.223 344.86 
2.223 355.33 
2.223 364.18 
2.223 3R.67 

-3.493 B.44 
3.493 363.32 

297.01 

306.49 
310.W 
315.51 
320.16 
324.n 
329.38 
333.91 
338.38 
342.n 

352.09 
307.59 
317.56 
327.70 
337.96 
347.71 
307.36 
317.04 
326.99 
336.1 
yb.52 
332.88 
331 .SO 

xi .n 

347.49 

297.51 3449.5 
m.27  3444.3 
307.32 sU9.2 
311.54 3433.9 
316.07 3428.7 
m.7c 3425.5 
325.33 3418.3 
330.00 3413.1 
334.55 3407.9 
339.M w . 7  
343.46 3391.5 
348.19 3392.3 
352.81 3387.1 
308.02 3439.2 
318.03 341.7 
328.20 3418.4 
338.49 3407.9 
348.28 3397.5 
307.82 3439.1 
37.53 3428.7 
327.51 .418.3 
337.41 3408.0 
347.11 3397.5 
333.27 3418.4 
331.71 3418.3 

76.n 

79.41 
8O.u 
81.95 
83.27 
84.56 
1.a 
87.18 
I . 4 6  
89.R 
91-08 
92.40 
R.14 
74.66 
fl.24 
79.86 
82.38 
n.86 
76.38 
n.97 
81.56 
84.12 
67.36 

m.w 

70.32 

20155 
19943 
l9n5  
1-1 
19352 
19161 

l a m  
16625 
18456 
18294 
18125 
1?W 
1?822 
17442 

16Rl 
16b01 

17891 
1n21 
17171 
16644 
14507 
15265 

iwn 

inn 

r e m  

0.661 
0.665 
0.665 
0.665 
0.665 
0.665 
0.W 
0.665 
0.665 
0.665 
0.665 
0.665 
0.W 
0.665 
0.665 
0.W 
0.665 
0.665 
0.665 
e.%: 
0.665 
0.665 
0.665 
0.665 
0.665 

11959 
9154 
?Z?l 
?285 
7464 
7486 
n56 
7102 

n o 3  
7550 
8bW 
9386 
?376 
5521 
6665 
7162 
7523 
71 rn 
w 
a 2 7  
69R 
7233 
5725 
ma 

n w  

n.12 74.88 1.10 0.59 11.27 15.05 .5.83 
55.40 57.69 1.10 0.70 11.27 7.12 8.66 
46.24 48.26 1.10 0.81 11.27 7.24 8.75 
43.21 45.14 1.10 1.01 11.27 7.49 8.W 
43.84 45.n 1.10 1.25 11.27 7.97 9.56 
43.54 45.45 l.,O 1.50 11.27 8.56 9.87 
42.38 44.24 1.10 1.76 11.27 9.18 10.42 
40.52 52.33 1.10 1.97 11.27 9.55 10.74 

40.92 i2.59 1.10 2.42 11.27 11.66 12.65 
41.94 43.60 1.10 2.65 11.27 12.60 13.52 
46.R 48.52 1.10 2.92 11.27 13.68 14.54 
51.20 52.45 1.10 3.16 11.27 25.6 26.11 
44.07 46.07 1.10 0.81 11.27 ?.DL 8.59 
32.29 34.18 1.10 1.25 11.27 6.62 3.25 
1.15 39.97 1.10 1.76 11.27 8.52 9.H 
40.16 41.87 1.10 2.19 11.27 10.43 11.53 
41.33 43.00 1.10 2.65 11.21 12.56 13.49 
43.03 45.03 1.10 0.82 11.27 6.95 8.51 
40.30 42.21 1.10 1.25 11.27 7.55 9.01 
39.15 40.98 1.10 1.76 11.27 8.68 9.98 
39.19 40.91 1.10 2.19 11.27 10.19 11.32 
39.M 41.51 1.10 2.65 11.27 12.14 13.10 
32.43 34.19 1.10 1.76 ll.:? 7.66 9.11 
34.15 35.93 1.10 1.76 11.27 7.93 9.33 

4 i . n  43.53 1-10 2.19 11.27 10.69 11.n 
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Tabre 3 (continued) 

'I 

Q 

3 . r  
1 .m 
2.527 
,.no 
S.010 
6.- 
7..20 
0.m 

1O.lU 
11.- 
12.m 
1 s . m  
1 S . W  
2.527 
5.- 
7.m 

1o.m 
1 2 . m  
2 . w  
S .QD 
7-an 

10.14) 

7 . w  
7.m 

12. m 

? 

Q 

-0.- 
-0.114 
- 0 3 0  
-.1.%0 
-0.Jl8 
-0.318, 
-0.W 
-0.305 
-0.m 
-C.Slb 
-0.m 
-0.510 
-0.m 
-2.m 
-2.m 
- 2 . a  
- 2 . z  
-2.223 
2 . m  
2.223 
2.m 
2.m 
2 . m  

-s .4n 

...-.--. -fmi" _ _ - - - _ _ _ _ _  
m m y h G t f u N L b y u  

C K S X X  
W.Y 1.10 0.n 1 i . n  i 7 . s  i 8 . a  
n.o 1.10 0.Y) 11.27 4.n P . U  
41.n 1.10 0.Y 11.n 8.26 V.61 
s7.76 1.10 0.w 11.27 8 . J  9.69 

S8.U 1.10 0.95 11.27 8.R 13.01 
U.62 1-10 1-13 11-27 9.19 1C.L) 
53.22 1-10 1.Sl 11.n 9.- 13.87 

n.n !.to 1.47 1 i . n  9.w 1r.w 
Y.44 1.10 1 . U  ;1.27 11.00 12.05 
%.is 1.10 1.19 11.27 11.0 1 2 ~ 1  
n.a 1.10 1.w 11.27 12.6s 13.- 
6i.n 1.10 2-16 t 1 . n  1s.m 1C.26 
&.a 1.10 2-34 t i . F  Z l . 8 0  ?5 28 
l9.w 1.10 0 - u  11.21 0.06 9 . 6  

11.02 1.10 0.- 1 l . n  6.m 8.W 
51.W 1.10 1.11 I 1 . n  C.pO 10.17 
b.14 1.10 1 . 0  11.n 1J.lt !I.- 

n.m 7-10 1.w 11.2? 12.0 11.71 
S?.U 1.10 0.Y 11.27 1.10 0.m 
k.29 1.10 0.m 11.27 8-24 v.w 

52.R 1.10 1.62 11.27 10 5s 11.3) 

ILL0 1.50 t.O? 11.21 !2.1S 13.11 
42.12 1.10 1 3 1  11.27 7 . 1  9.22 
4s.n 1.10 i . ~  11.27 r.n 9.60 

w.w 1.10 i . s i  r 1 . n  9.1s 1a.x 
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Table 3 ,continued) 

o.Oo0 -0.- 
1 . m  -0.su 
2 - w ~  - o m  
3 . ~ 0  -0.3ia 
5.- -0.318 
3.W -0.318 
7 . a  -0.330 
8.905 -0.m 

1O.M - 0 3 8  

1 2 . m  -0.M 
13 .m - 0 . N  
11AQ -0.m 
2.w -2.223 
3.- -2.m 
?a? -2.- 

ro.1n -2.m 
12 .m - 2 . 7  
2.110 2.m 
I.- 2.221 
?.a 2.223 

10.141 2 . N  
IZ.?l3 2.223 
?.Lo? -?A93 
7.U.r 1.493 

11.00 -0.m 
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Table 3 (continued) 
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Table 3 (continued) 

50 



Table 3 (continued) 

au(c*ir---------- 

y1 Y -am 
1 1 %  

lr.n 12.9 D.45 
11.n S A 1  r-31 
11.n 1.10 r.0 
1127 c-z; r-u 
i t 7  b - Y  8.U 
ll.n r.99 9-w 
11.a 0.x 9.w 
r1.n ca 1o.u 
11.n 9.w 1?.12 
11.a 11.Q 12.0 
l l . a  11-95 12-92 
11.27 12.w 1s.m 
11.0 x.u 25-62 

i1.n b-W ?.a 
r 1 . a  r.m 9-22 

ll.n 11.u 1z.u 
ll.a s.u 7.m 
11.n b-% 8-19 
11.27 1-01 9-31 
1l.n 9-46 10.U 
r1.n 11.4s 12A? 
11.n 1.25 8.n 
t1.n ?.a 0.m 

1i.n 5 . n  ?.si 

1c.n 9.n 1o.n 
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Table 3 (continued) 

I 
a 

1 .m 
2.m 
5.8m 
S . o I  
6.Yf 
7 - U I  
0.m 

11.438 
12.m 
15.- 
s-ae 
2.121 
S.II) 
7 - 0 3  
1o.m 
12.FOI 
2.- 
S.0)  
7.- 
1O.lU 

7.w 
7 . a  

a.w 

w . w  

u.ns 

u 

%- 17 
n .U 

SA1 
w.n 
%.Y 

I 

w.n 

n s  
5i.n 
=.a 
s1.11 
s1.98 
%.a 
61 .a 
Y.QI 
U.R 

49.81 
so.- 

11.51 
w.LI 
b8.B 
U S 7  
U.15 
b2.a 

a n  

n.w 

u mu 
C 
1-10 
1 .lo 
1-10 
1-10 
. M  

1.. 
1.. 
1.10 
1-10 
1.50 
1.10 
1.10 
1-10 
1.M 
1.10 
1-10 
1.10 
1.N 
1-m 
1-10 
1.10 
1.1C 
1.10 
1.10 
1.10 

---fmf" - - - -____-_ 
utf y. Y yr- 

C X X X  
0.Y 11.n 15.11 1b. 6 
0.1) 11-27 s.n  7 . G  
l-qO 11.n 4.10 7-a 
1-61 1l.n b-U 3-12 
1.11 11.27 6.- 8.52 
2.lb l:.n 7.W S.96 

2.15 1%.27 0-2s 9.61 
2.m 1l.n 8.H 9-W 
5.1) 11.n 9.m 10-ea 
3.u t1.n 1o.w 13.s 
5.P 11-21 11-43 1'C.bI 
4.n 11.n 12-17 I3.U 

1-16 11-27 1-01 ?.?2 

2 S 2  1l.n 7.br 0.11 
3-1s 11.27 9-39 1c.a 
5.Q 11.n 11-24 12.24 
1.n 11-11 s.po r.u 
1.- 17.27 &62 8.23 
2.15 11.n 7.w 9.22 
5-1s 1:.27 v.17 1O.U 
5.a 1 1 2  10.91 1l.W 
2 3 2  11.n 7.m 8-&z 

c .n  t1.n o.a u.a 

1.n 1i.n 6.0s r-m 

z.n 11-27 7-10 a.& 
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Table 3 (continued) 

I 7 Ir 
c l a l  

1.- 0.- r12.21 
2.w OASS m.21 
S . g O  0.- a - 4 5  
7 . M  0.m m.n 
1o.w 0.- nr.u 
12.m 0.m nb.Y 
1J.W 0.05  m.11 

O.Oo0 
1.m 
2 . w  
1.810 
5.- 
6.W 
7 A M  
8.903 

11.630 
12-m 
r3.m 
15.240 
2 . w  
S . g D  

io.im 

r.mr 
n.tn 
12.m 
2.- 

l.M 
10.141 
t2.m 
7 . m  
7.m 

-0.- 
-0.SU 
-0.330 
-0.118 
- 0 3 8  
-0.3u 

-0.36 
- 0 J W  
-0.118 
-0.36 
-0.su 
-0.m 
-2.223 
-2.m 
-2.m 
-2.223 
-2.m 
2.197 
2.m 
2.m 
2.223 
2.m 

- S A V 3  
1.- 

-0.m 

l3.Y 
S.98 
a28 
u.43 
4b.s 
L9.Y 

Y.31 
S9.U 
62.a 

m.oL 
n.11 
m.ll 
44.41 
S0.Y 

U.Y 
I.U 
43.R 
1.18 
%.s9 
52.- 
49.Y 
47.28 

s1.w 

16.n 

r7.n 

0.616 
0.W 
0.616 
0.- 
0.- 
0.- 
@A& 
0.- 
0.- 
0.Y) 
0.- 
0.- 
0.- 
0.- 
0.- 
0 . U  
0.- 
0.646 
0.116 
0.- 
6 . U  
0.- 
0 . U  
0 . U  
0.- 

32.7) Y.61 1.10 2 . a  11.27 11.w 12.u 
b.27 )O.M 1.10 3-24 11.27 4.81 6.m 
t0.U 0.3) 1.10 4 ?I 11.27 5-35 7.27 
17.u ZQ.Y 1.10 r.m 11.27 3.m 7 . a  
&.ID W.92 1.18 7.28 11.27 6-52 8.17 
t5.m U.n 1.16 8.W 11-27 7.26 6.n 

1S.n  H.07 1.57 11.B 11.27 8 . 1  9.82 
r4 .a  17.37 1.u 1o.s 1t.n r.90 v.m 

1s.n 15.a 1.u 1s.o c1.n v.(o 10.61 
13.~1 o .17  r.n ! I . -  11.27 1o.n 1i.s 
u.m 15.Y 1.a 14.02 11.27 12.37 13.31 
14-31 18.10 t.8V 17.U 11.21 14.41 19.22 
1 r - s  w.51 r.u 19.a 11.27 a-6 n.a 
1r.w 2t.w 1.10 4 . a  11.27 1.22 7.17 
u.n c7.n 1.71 7 .a  r1.n 6-14 7.87 
13.u  i 6 . a  1.a 10.w 1t.n 7.u 9.07 
12.- 14.n 1.n 15.21 11.27 9.0 10.w 
IS.R 15.m 1.m 14.02 11.27 12.3s 11.a 

1r.n u.m 1.8 7.a  r1.n 6.s 0.01 
u a  22.09 1.Y 4.29 11.21 5.n 7.21 

13.25 15.16 1.Y 10.55 11.21 732 t.90 
12.Y 14M I.?? 1S.18 (1.27 9-22 1 O . U  
14.- 16.62 1 m 16.03 11.27 12.97 13.87 

11.4 U . V O  l.n 10.97 11.27 1.01 8.61 
1 2 . ~  1 s . a  1 . w  1o.n 11.27 7.41 8.w 
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Table 3 (continued) 

o l m l  f p i a  

E * I r n t  5 
9.t.: 8 Lis: 1.- 
Tim: 1S:lS:iZ 

X T Tu 

1.500 0.b55 6n.H 
2.w 0.b55 6vs.H 
s.om o.bs1 w.82 

10.160 0 . a  m . w  
12.m 0 . a  w.41 
13.453 0 . M  a2.U 

a c m e  

1.620 0 . ~ 1 1  m.95 

T Tu It 1- X 
a 

0.000 

2.521 
3.810 
5.m 
b.%S 
1.620 
8.W 

10.160 
11.uo 
12 .m 
13.920 
ll.zI0 
2.521 
5.m 
1.601 

12.700 
2.540 
5.m 
1.620 

10.161 
12 .m 
1.601 
r.m 

1 .zm 

1o.m 

a c  C 
-0.w yo.30 199.90 
-0.318 rzI.51 m . 1 2  
-0.330 u1.30 w.29 

-0 518 S0b.I) ~ . 6 1  
-0.318 aa.42 613.23 
- 0 3 0  554.60 UXbl  

-0.518 )#.a 0p.a 
-0.318 bX.11 W2.U 
-0.m ba.81 wI.I 
-0.318 bb1.n wl.w 
-0.953 -.a w.b2 

-2.m u0.m m.01 
-2.2s 1R.W 441.18 
-2.223 bl4.32 6PI.Ip 
-2.223 (60.11 no.21 

- o m  W.Y w.n 

- o m  5n.w 4 n . u  

- 2 . 2 ~ ~  m a  YV.B 

2.191 6m.m m.n 
2.223 m.0~ 3m.n 
2.223 5n.n ul .m 
2.223 bl3.16 in.% 

-J.bVJ 592.61 615.R 
3.4V3 b10.16 d . 5 2  

2.223 ao.m YI.Y 

c 
m.06 
3a.m 
nb30 
W.61 

413.56 
us.% 
656.W 
481.01 
~ . 9 l  
526.2 
w1.a 
570.21 

m.25 
u1.48 
4pc.n 
W.b? 

3m.P 
4W.W 
4a.R 
SU.81 
456.00 
(ds.78 

m.n 

w.6 

m.vo 

b h  
3535.6 
mz.2  
352V.l 
Jld.9 
IfP.1 
3519.1 
3516.6 
3513.2 
810.1 
3SU.9 
fw.? 
m.1 
341I.b 
3up.l 
m . 7  
35lb.b 
3510.0 
fw.1 
3up.l 
3522.1 
331b.b 
nro.1 
aQS.7 
ff1b.b 
nlb.6 

V 

us 
U.l5 
61.12 
w.49 
53.m 
Y.92 
60.25 
u.51 
u.m 
m.14 
TI.% 
Tb.54 
m.95 
Q.21 
61.55 
U.W 
60.1s 
b1.22 
iLSv 
4b.m 
51.m 
9.w 
u.50 
R.W 
51. Ip 
55.n 

llsm 0.616 
11011 e.616 
1 8 0  0.616 
1WR 0.616 
9brV 0 . u  
9310 0.- 
m 0 . a  
em 0.- 
OR 0.- 
8135 0 . u  
mol 0.- 
m 9.- 
1bSb 0.- 
m 0 . e  
1921 0 . u  
6 8 1  0.666 
M 0.- 
R l ?  0.666 
a b 1  0.616 
arb1 0.- 
8061 0 . a  
?m 0.- 
lM 0.666 
?3R 0.- 
a 5  0 . u  

L u l n h y n r  
wcr' .e) I( 

mro U.Y 6r.20 1.10 
5ns m.01 la-61 1.10 
as1 26.w 30.44 1.10 
4501 23.m Z?.Y 1.10 
6sm 23.32 26.91 1.10 
6IQ 22.40 25-79 1-10 
6122 2l.P 26.35 1-13 
an 20.s 23.16 1.22 
a 20.b: 22.95 1.29 
rm 20.20 2.50 1.a 
SB? 20.11 n.?6 1.U 

bblb 25.13 26-42 1-44 
usb 23.0 21.12 1.10 
bon 2Q.n 23.x 1.10 
4218 19.w 22.50 1.20 
u2Q 18.U 21.10 I.)? 

US? 24.26 M.50 1-10 
m 2l.U 26.90 1.10 
6152 19.21 22.09 1.22 
6559 19.55 21.95 1 3  
6-1 20.01 22.01 1-51 
39% 17.91 2o.n 1.28 
m1 lb.16 19.U 1-35 

23.11 25.m LSO 

brm 19.26 z1.w 1.11 

.-. --t*anti" __-__  ___-_ 
utt Yc.  y. yu 

K X X X  

2.Y 17.21 6.3b 6-92 

6-40 11.n S.V? 1.14 
5.n 11.21 b.63 8.26 
1.00 11.21 1.U 8.91 
8-20 ll.2? 8.25 9.60 
9-m 11.21 0.m 10.20 

10.35 11.21 10.15 11-20 
11-44 11.21 It.% 12.55 

1 . e  11.21 i i . ~  12.n 

3 . n  r:.n 5 . u  1.31 

12.11 rim i2.m i3.n 

3.n 11.21 5.26 1-20 

IO.% ii.z? 9-61 1o.m 

13.Q 11.n 14.48 15.29 
14.91 1 l . n  n.33 21.T 

1.n 1 l . n  b.18 1.90 
8-21 11.21 1.w P 2b 

12.51 11.21 12.32 13.21 
3.38 11-21 5.50 1.25 

8.28 11.21 1.n 9.20 
10.34 11.21 9.m 11.12 
12.56 11.21 12.80 15.11 
8.21 11.21 1.40 8.96 
8.29 11.21 1.25 8.1b 

5.n 11.21 6 . 8  1-05 



Table 3 (continued) 

I 1 lr 
a Q C  

1 . m  0.- OI.R 
2.w 0.M Uz.11 
s.oa 0.- w.10 
7.- 0 . M  Ib.l 

10.1Y 0.- m . 1 0  
12.m 0 .w sn.(b 
1s.m 0.as m.a 

0.000 
1.270 
2-12? 
SA10 
0.00 
6.m 
7.m 
8.pm 

10.110 
1 l . U  
12.100 
1 s . m  
1S.W 
2 . w  
S A W  
7.Y7 

12.200 
2.w 
$.om 
7 . M  

10.1u 

7.101 
7.m 

1 o . m  

i 2 . m  

-0.w nb.m m.w 299.83 
-0.Slb 3M.O Wb.9 S1b.U 
-0.330 b1b.i) m . W  =A? 

- o m 8  e2.m y6.8 w.So 
-0.118 bm.17 3M.Q m.03 
-0.m W . b l  W . R  TpI.26 
- 0 3 6  %.VO blb.21 (16.81 

-0.Sl8 w.§v w.07 w.n 
-0.m W.U U 1 . U  M A 1  

-0.m II1.U (91.8 bV5.SO 
-2.m m.n 1y.w 336.37 

-2 .2s  5a.m -.a8 i0l.Y 
-2.225 m.72 u1.m bb2.n 
-2.m W.Y m.n 4n.e 
2.1W bz7.w nb.10 336.0 
2.m w . 1 2  m8.u m.9) 
2.m sa2.w LB.01 -.bo 
2.m n2.Y LL0.m u 1 . m  
2.m W.20 tn.5 b76.02 

-5.b9) m.87 bl7.M 4W.n  
5.491 uo.12 M.U u0.Q 

-0.~11 u i . ~  w.w YV.U 

-0.~18 si6.n u0.s 0o.m 

-0.~18 s7.e 6n.Y m i s  

-2.m nrsi no.n m.u 

6o.a 
63.82 
b7.o 
l0.W 
n.78 
n.17 
m s 1  
13.92 
87.25 
Po.% 

97.29 
1 w * m  
u.u 
68.- 

a2.U 
rn.W 
62.Y 
Lo.17 
n.m 
82.Q 
m. 1v 
?o.tl 
W . 9  

91.0 

n.u 

1 M b  0.W 

1- 0.- 

14057 0 . a  
1YIQ 0 . u  
lSaT 0.- 
1- 0.w 
1- 0.- 
l a S 2  0.- 
11- 0.- 
11175 0.- 
11- 0.- 
lyw 0.- 
la07 0.- 
1 m  0 %  
lloy 0.M 
tom 0.- 
1,m 0.- 

120n 0 . f Y  
1lbo7 0.- 
lorn 0.- 
1- 0.w 
lobo2 0.w 

in- O.W 

iun 0.m 

it# o . t a  

Q.16 
b V . n  
a.27 
S7.11 
%.@ 
33.u 
n.91 
9.0 
S2.0 
S l  .b& 
S2.m 
5.u 
S7.P 
S7.S 
51-16 
51 -01 
fo.8 
3.N 
S?.U 
n.s3 
s1.11 
SO27 
P.30 
21.61 
27.W 

1.10 1.2s 11.27 11.87 12.s 
1.10 1.19 11.27 L V 1  6.- 
1.10 2.U 11.27 S A 3  7.a 

1.10 4.18 11-27 6 .9  8.21 
1.10 s.12 11.27 7.3s 8.82 
1.10 &OS 11.27 8-13 V.u) 
1.10 b.7p 11.27 8.77 10.6 
1.10 7.s7 ll.Z? 0.vl 11.07 
1.10 8.Y 11.27 11.12 12-16 
1.10 V.18 11.27 12.2s 15.20 
1-lb 10.10 11.27 1S.61 14.U 
1.10 10.- 11.27 a.82 26.29 
1-10 2.b7 11.27 S.29 7.23 
1.10 6.18 11.27 6.02 7.78 
1.10 6.M 11.27 7.M V.10 
1.10 7 s 7  11.27 0 . 0  10.65 
1.19 V.18 11.27 11-85 12.0 
1.10 2 . u  11.27 1.n 7.24 
1.19 4-18 11.27 b.27 7.07 
1.10 6.B 11.27 7.M V.lS 
1.10 7.54 11.27 0 . U  10.67 
1.1s V.19 11.27 11.06 12.W 
1.10 6-06 1b.27 7.1s 8.M 
1.10 6.04 11.27 7.00 8.U 

1.10 1.20 11.27 s.96 7.n 
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Table 3 (continued) 

I - Tu 
a a K  

1 . m  0.- 41b.u 

).ow 0 . M  4S.w 

lQ.160 0 . M  Xa*m 
12.m 0 . M  y1.m 
13.- 0.S) m.78 

2.w 0.- a.n 

7 . ~ 0  0 .m a.n 

O.OO0 
l.W 
2.w 
3.810 
S.080 
b.363 

8.903 
lO.lb0 
11.w 
12.m 
1s.m 
19.240 
2 . w  
Lo10 
7.607 

1 2 . m  
2.540 
5.- 

10.147 
12.713 

r.uo 

1o.m 

7.m 

r . w  
7.- 

-0.w Jy.96 m.or 
-0.Sl8 n5.a lll.Y 
-0.m 3n.m 3a.u 
-0.118 M . 1 S  Jy.w 
-0.1U 4w.u 3a.m 
-0.S18 UZ.m Y9.U 
-0.330 4u.u 3n.n 
-0.10) U0.18 JY.11 
-0.118 4M.8 W ?* 
-0.118 4W.C 41034 
-0.10) u) a Ut.41 
-0.318 Wl S? m . 1 0  
-0.9s w#.m u7.u 
-2.P) Lo0.n ma 
- 2 . m  W . 4 1  SS.m 

-2.223 uz.0 - 3 1  
-2.m w . 1 1  W . 6 1  
2-19? roo.8 m.02 
2.22s u0.u Sn.29 

2.22) u 1 . w  (01.0) 

-3.49S -.a M.14 
3 . M  U2.W SW.74 

- 2 . m  u0.m n1.m 

2.22) 4 n . a  ma 

2.22s m.tr -.a 

m.l, ss4.0 
s12.u W . 8  

m.u ss3a.s 
Y 9 . Y  w . 0  

m . 4 1  S510.5 
f l l .21 BQI.2 
59P.U YM.0 
b:l.5? yY.8 
-.la yI1.s 

ma mv.6 

=.a S5it.r 

-.a sn.s 
Lu.n w . 0  
m.73 m . b  
s.52 szs.0 
m.78 S510.4 
SQI.5 YS.0 
os.% W1.S 
S7.Y ns9.5 
sn.92 sa.0 
m 1 . 0  S510.5 
a7.m Ypb.1 
4x22 -1.5 
394.R 810.6 
s9s.Y 110.5 

w.n 

a.ro 

82.Q 
Y.s3 

s.07 
%.% 

100.00 
1QI.U 
lor.97 

113.n 

120.93 
m s 1  
Y.O 

w.9l 
lY.Y 

Y.U 
a.n 

l W . Y  

63.u 
u.21 

1io.m 

m m  

92.a 

m.14 

1or.u 

21206 0 . a  
m 1 5  0.- 
zoou 0.w 
1 w  0 . a  
1m0) 0.615 
1-0 0.615 
1- 0.w 
1-1 0 . u  
lTi0 0.- 
1 m  0.w 
1- 0 . M  
1- 0.- 
14110 0 . M  
18187 0 . a  
1?2a 0 . a  
1- 0.- 
tsu1 0.- 
1bml 0.- 
!am 0.666 

1- 0 . a  
1 S u  0.- 

14015 0.- 
141s 0.666 

iwi 0.615 

isin 0.666 

n.w m.n 1.10 1.00 11.27 i2.m 13.01 
n.si 4 i . u  i 10 1.49 1 i . n  s.00 r.01 
4s.a %.a 1.10 1.92 r i m  5 . u  7.x 
u . i s  u.n 1.10 2.w 1 t . n  S A  r.n 

41.11 4s.a 1.10 s.s n.zr 7.21 8.n 

W.Y 4 i . a  1.10 I.= 11.27 v-s ro.n 
n.n c0.u 1.10 4.u mzr 10.0 1 i . n  
n.19 4 i . a  1.10 7.07 i 1 . n  11.u 1z.b~ 
41.92 45.m 1.10 7.n (1.27 12.n t3.u 
45.17 4r.a 1.10 0.0 11.21 %.a n . m  
u.11 47.0s 1.10 1.92 1 i . n  5.n 7.21 
s3.n n.a 1.10 3.22 11.21 S A  7 . 6 ~  
~5.u s.s 1.10 4.u 11.27 r . 4  8 . ~  

%.a mP.u 1-10 7-07 11.~1 r i m  m t  
41.63 4.n 1.10 1.91 11.21 5.34 r a  
1.12 G.W i.ir 5.0 1 i . n  6.22 7 . a  
u.m 40.00 1.10 4.66 ii.zr 7.52 8.99 
n.49 m.s 1.10 I.P 11.zr 0.11 10.15 
ss.m sa.- 1.10 7 . 1  11.27 11.0 12.25 

U.oJ b6.W 1-10 S.22 11.21 b.32 8.17 

R.b1 0.Y 1.10 4 .U  1i.n 1 . I  9.Y 
37.m 41.74 1-10 S.23 11.21 8.W V.82 

S5.W J . l S  1.10 5.63 11.2? 9.19 10.42 

SO.41 Y.15 1.10 4.66 11.27 b.Y 8.43 
SO.74 W.42 1.10 6 . 4  11.27 b.W 8.47 
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Table 3 (continued) 

X V Tu 
m a l  

1.- 0.85 5W.Y 
2.540 0.85 -.lb 

1 . a  0.- b4b.B 
10.1bo 0.85 bb2.W 
1 2 . m  0.85 4n.u 
13.W 0.85 w.30 

5.- 0.85 uc.n 

I 
a 
O.OO0 

2 . w  
1.810 
5.Oa 
b.SS 
7.- 
8.W 

10.160 
11.uo 
12.m 
ll.m 
15.2bO 
2.521 
5.010 
1.601 

1 2 . m  
2 . w  
5.m 
7.620 

lO.lb? 

7.607 
1.m 

1.210 

1o.m 

1z .m 

I Tu 
Q . 1  

-0.w s2s.u 
-0.118 m.01 
-0.330 1R.bO 
-0.118 S8s.n 
-0.118 SW.9 
-0.118 bo2.0 
-0.m 412.- 
-0.305 626.22 
-0.118 W.53 
-0.318 
-0.505 b4b.Y 
-0.318 4Y.R 
-0.m W.1V 
- 2 . m  n . 0 1  
-2.- 41b.01 
-2.m a.20 
-2.219 bb1.b0 
-2.223 b51.W 
2.191 s?J.m 
2.m bO1.bb 
2.225 b23.06 

2.225 b51.W 
-1.W bbO.18 
1.4m ban 

2.223 cr1.a 

rf TY c 
1 C L h  

291.15 m.01 swl.1 
301.n m.71 S S . 4  
111.n 318.62 s9v.5 

3S.U S5b.Y S11.b 
w.w n6.S w . 4  
*.if s5.w S I . 5  
W.79 M6.a ww.4 

m.90 m.W SU2.b 

bQ0.u w . 2 1  w.1 
W.7? b11.bt M V . 1  
31v.w 320.55 m v . 5  
yO.01 W.99 S11.4 
Y0.Y Y1.m SbI.6 

W.bO bO2.82 W 1 . b  
S1V.W U0.a W . 4  
59p.V W.21 S11.b 

f a b s  m.a m.4 

m.w m u  s n . 4  

m.pt m.w w i . 6  

n1.55 =.e n n . 5  

m . 5 1  16o.n ws.5 
sw.n P:.W nn.1 
sw.w (01.00 3451.5 
1n.n 3n.m s m . 6  
1m.a 171.15 xB.4 

V 
.I. 

101.1 
1Q7.80 
111.0 
115.oL 
11838 
122.8 
1a.111 
1z1.Y 
111.1v 
l Y . I  
lb0,O 
1bb.22 
141.w 
101 3 

1 3  6, 

122.82 
120.1 
103.00 
110.06 
111.29 
124.54 
111.n 
100.8 
10S.M 

ia..zL 

m 

0.- 
0 .W 
0 . W  
0.115 
0.- 
0.W 
0.115 
0.W 
0 . U  
0.- 
0.- 
0 . U  
0 . a  
0.W 
0.W 
0 . M  
0.W 
0 . a  
0.W 
0.W 
0.W 
0.- 
0 . a  
0.W 
0.W 

.... -... mt.("ti"...------- 

L u U I Y t u Y t f ' d r O H Y u  
WW-K) c c x x x  
iwn a.so 1m.s 1.10 0 . 0  11.21 12.42 1s.y 
11- w.n n.pL 1.10 1.11 11.n 5.11 1.11 
W 51.8 b2.1 1.19 1.bV 11.21 5.W 1.6 
PYz S3.W 58.- 1.10 1.- 11.n b.OO 7.1b 
9993 D.80 WAb 1.10 2A1 11.21 b.W 8-16 

#o 5l.lb 55.a 1.10 5 .S 11.21 7.81 9.23 
pl2? b8.U S2.W 1.10 b.00 1121 8.25 V.60 
pU1 49.61 S3.W 1.10 b.U 11.21 V.Z? 10.50 
VV8 b8.S 9.19 1.10 b.Vl 11.n 10.22 11.U 
emS bV.31 13.W 1-10 5.bO 11.n 11.12 12.'6 

11602 51.06 H.79 1.10 b . 0  11.21 22.14 23.27 
9211 U.Y 1o.w 1.10 ?*4V 11.21 5.bb 7.35 
M b0.I 45.Y 1.10 2.47 11.21 5.R 7.U 
6001 bLb1 4V.W 1.10 1.Y 1 l . n  1.20 8.W 
VO53 u.?b W . Y  1.10 4.45 11.n 8.- 10.2b 
Out b1.U 51.06 1.10 5.bO 1 l . n  1O.W 12.00 

820) b8.M 13.4 1.10 2.b1 11.21 6.19 7.W 

OW1 b5.W 4V.n 1.10 b.bb 11.n 8 . 0  qO.08 
V252 U.29 bV.W 1.10 5.bO 11.21 10.M 11.76 
Roo 57.0 41.U 1.10 1.Y 11.27 b.58 8.22 
1W SV.18 U.1 1.10 3.51 11.21 b . l l  8.32 

I n  w.w 5 r . u  1.10 1.01 11.21 1.14 a.67 

iun U.Y w.n 1.10 I.% 11.21 11.w 12.u 

vous 5i.90 58.11 1.10 1.x 11.21 5.u 1.u 

am2 u.n soo.= 1.10 1.w r i m  7 . 1  8.w 
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Table 3 (continued) 

chmrl tpsfmn 
tapwirnt 6 
0.t.: 10 u t  1poo 
llr: 1b:W:U 

W - P ~  v t  at Upt 
w r x u t  
1.m 25.24 222b.o 1.03 

X 'I Tu 
Q Q C  

1.- 0.655 bM.16 
2 . w  0.655 521.26 
5.000 0.665 dQ1.04 

10.160 0.655 R9.n 
1 2 . m  0.6s 772.81 
13.W 0.651 m.61 

7.- 0.655 6n.u 

0.m 
1 .2m 
2.527 
3.810 
5.010 
6.363 
1.620 
8.903 

10.160 
11.b30 
12 .m 
13.970 
15.2bo 

5.W 
2 . ~ 7  

1 . w  
1o.m 
1 2 . m  
2 . w  
5.W 
?..a 

10.141 
12.:-3 
7.607 
7.w 

-0.- m.13 
-0.318 bS7.U 
-0.ao w.91 
-0.518 n 9 . a  
-0.318 m7.29 
-0.318 bZ3.U 
-0.m b5?.21 
-0.305 688.29 
-0.318 116.B 

- 0 . S  761.W 
-0.318 m.04 
-0.- M.Y 
- 2 . m  514.23 

-2.M w.11 
-2.223 n0.Y 

2.1w 515.66 
2.223 5 p I . o  
2.223 bn.25 
2.223 RP.M 
2.223 rr1.m 

-3.193 67b.u) 
3.493 a . 2 1  

-0.~18 7a.B 

-2.0) m.1.w 

-2.22s m.rr 

-.or =.or m . 2  

a1.w a1.y W1.r 
m.n m.n m . 6  
w . 1 8  w . 1 9  W i . 6  

sbb.01~ w.oa 6920.9 
m.17 m.18 6920.8 

m.91 33b.91 m . 0  
368.93 m.91 W1.9 

500.05 500.W m1.3 
533.51 53332 W1.l 

629.0 b2V.M 6920.6 
bb3.R N . 7 3  6920.5 
696.81 696.9 6920.3 
310.81 370.81 6911.9 
UI.U U7.bl W1.b 
w.tt w.tr 6911.3 
5n.n 5 7 3 . ~  m . 9  

m.% 3n.w ~ 1 . 9  

w . 8 7  w7.m ~ 1 . 3  

G8.W b38.W M . 6  

b S . 9 8  uI.98 W 1 . b  

576.16 516.16 6920.9 
6b3.13 bb3.M W . 6  
5 0 0 . 0  5W.U W1.3  
w . 5 3  517.54 m i . 3  

b.73 
5.24 
5.16 
6.a 
b.?b 

1.75 
826 

9 . 8  
9.R 

10.21 
10.11 
5 .a 
6.62 

8.63 
9.60 
5.59 
6.51 

7.a  

8.n 

7.62 

7.57 
8.57 

7.53 
7.s 

9.55 

23% 
22a 

19R 
1870 
1 W 7  
1- 
l e 2  

1 498 
t u 6  
1394 

ZM 
1m 
1659 
lull 
1sQJ 

1785 
1615 
1- 
1311 
15% 
1525 

a r  

1557 

in? 

iwr 

0.662 
0.462 
0 . U  
0 . a  
0.- 
0.664 
0.- 
0.- 
0.W 
0.665 
E . W  
0.665 
0.W 
0.641 
0.664 
0.66) 
0.W 
0.W 
0 . U  
0.664 
0.W 
0.W 
0.W 
0.664 
0.66) 

1 b58 
1b55 
1110 
1W 
1031 
(Ob? 
1OU 
10% 
1W 
109b 
la 
1- 
1901 
1126 
1053 
lO1b 
lQ2b 
1167 
1123 
I016 
1005 
1W 
1239 
w3 
WO 

8.75 
8.13 
6.13 
9 . a  
b .w 
b . u  
Lb5 
b.31 
b.18 
b.13 
b.39 
5 .b9 
6.b) 
5.88 
b.92 
b.30 
3.90 
b.21 
5.85 
b.?b 
4.2s 
b.05 
b.b5 
b.18 
b.00 

....----- hrtr$"tir-.----- .--  
Nh Utu Utf Yr. H uu 

K K t l X  
10.1 1.10 2.21 11.27 11.60 12.60 
9.65 1.10 3.55 11.21 5.0) 7.w 
7.30 1.10 4.69 11.27 5.60 7.b5 
6.P 1.11 6.26 11-21 6.16 7.U 
5.87 1.26 7.w 11.27 6.81 8.40 
5-69 1.u) 9.m ii.zr 7.63 9.013 
5.17 1.w 1 1 . ~ 9  11.27 8.u 9.09 
b.96 1.6' 'q.01 11.21 9.50 10.69 
4-16 1 . n  1b.e 11.27 10.61 11.20 
4.b5 1.87 16.00 11.27 12.M 13.10 

6.18 2.00 19.35 11.27 18.bl 19.06 
6.17 l.S 20.95 11.27 35.23 55.51 

5.81 1.27 1.99 11.27 6.80 8.39 
5.01 1.51 11.37 11.21 8.bO 9.7b 
4.55 1-83 1b.U) 11.21 10.27 11.39 

4.87 1 . ~ 6  1r.y 11.27 14.12 IC.- 

7.04 1 10 4.69 11.27 5.52 1.39 

4.u 2.01 1r.m 11.27 13.20 ibs5 
7.00 1.10 4.71 11.21 5.52 

4.1 1.9 (1.59 11.27 8.n 9 . a  

6.92 2.00 17.60 11.27 16.16 15.27 
4.m 1.61 11.57 11.27 8.27 9.u 

5.62 1 . 3  1.W 11.27 6.66 8.28 

b.61 1.83 1b .U  11.21 1O.bb 1l.n 

4 . Y  1.66 11.60 11.21 8.09 9 . U  

58 



Table 3 (cc,rti nued) 

ahmrl ycim 
L a p u t m M  b 
oat.: 10 *cert 19m 
llr: 14:1L:41 

TA TB I m 
K C y l l m  

m.11 337.41 1.m w . 3  

Po-c1 V t  at *t 

v a x u x  
3.a 23.26 2u3.0 1.06 

X 1 Tu 
- - I .  

1.W 0.653 419.18 
2.340 0.655 a.39 
5.000 O.b% b8S.U 
1.620 0.653 5n.R 

10.160 o.bs5 370.34 
1 2 . m  0.65s 5w.m 
13.653 0.653 601.14 

O.Oo0 
1.270 
2 . m  
3.810 
5.W 
6.563 
1.620 
8.- 

10.160 
11.w 
12.100 
13.910 
1s.m 
2.521 
3.000 
7.601 
10.1b 
12.700 
2.510 
3.000 
7.620 

10.141 
12.113 
?.bo1 
1.633 

-0.- 332.n 2w.11 
-0.318 39l.W 318.35 
-0.m 425.83 331.m 
-0.318 4 5 0 . I  3Sb.U 
-0.318 4n.W 314.93 
-0.318 493.U Jp1.01 
-0.310 313.12 412.16 
-0.m 5Y.W U1.W 
-0.318 555.95 450.64 
-0.318 5R.49 W.?b 
-0.305 3S.s bm.83 
-0.318 591.16 W.11 
-0.m 574.90 $25.04 
-2.223 W.2b 340.18 
- 2 . m  4a.M 3'R.a 
- 2 . m  521.31 i 1 9 . I  

-2.223 394.62 49l.62 
2.197 u2.49 340.18 
2 . m  b80.a 3n.91 
2.223 526.U 418.n 

2.223 m.26 4pb.81 
-3.4- 5sO.W b2S.B 
3.493 341.48 426.14 

-2.223 w.n w . 3 4  

2.223 u.1 458.17 

299.11 w . 3  
318.35 6914.2 
337.95 w . 9  
33b.U 6po.b 
314.w 6po.3 
m.02 w . 0  
b12.n W . 8  
a1.r. W . 5  
430.46 W . 2  
4M.n W1.9 
b m S  6911.6 
W.18 Wt .3  
325.01 W1.0 
340.19 w . 9  
3m.30 w . 3  
419.10 W . 8  
b39.3S W . 2  
497.6) 6911.6 
w . 1 9  w . 9  

418.n W . 8  
458.19 6Vb2.2 
4 p b . l  6oL1.6 
425.66 6912.8 
b2b.B W 2 . 8  

3n.n w . 3  

9.00 
9.36 

10.13 
10.61 
11.20 
11.16 
12.31 
12.Y 
13.b' 
13.93 
14.46 
13.02 
13.31 
9.64 

10.R 
11.81 
12.n 
13.91 
9.69 

10.16 
11.86 
12.m 
14.02 
11.31 
11.34 

4bO2 0 .W 
U t 3  0.662 
(241 0.662 
4092 0.663 
39% 0.665 
382& 0.665 
3m 0.w 
m2 0.w 
Y90 0.w 
33M 0.664 
3309 0.664 
3221 3.w 
3141 0.664 
3- 0.665 
3no 0 . a  
3441 0.w 
3256 0.w 
3062 0.m 
0 1 2  0.665 

YM 0.w 

3100 0.w 
3253 0.664 
3230 0.- 

mi 0.665 

un 0.w 

2b31 
2 m  
m 
1W 
1829 
1m 
1149 
1694 
1668 
16(6 
1751 
22s7 
2670 
18M 
1706 
1- 
1 a  
1m 
1910 
1749 
1661 
1618 
In1 
1W 
1560 

13.96 1T.U 1.10 1.33 11.21 11.n 
14.29 16.15 1.10 2.10 11.21 5.03 
11.16 12.61 1.10 2.16 11.21 5.53 
9.W 11.24 1.10 3.66 11.21 6.02 
9.46 10.76 1.10 b.66 11.21 6.31 
9.01 10.20 t.10 5.11 11.21 1.2b 
8.50 9.60 1.10 6.76 11.21 7.95 
8.01 9.03 1.10 7.38 11.27 8 4  
7.6) 8.38 1.13 8.U 11.21 9.11 
1.34 8.19 1.20 9.33 11.21 10.11 
1.65 6.U 1.23 10.25 11.21 11.52 
9.55 10.0 1.21 11.a 11.21 13.w 

11.02 11.3a 1.21 12.22 11.21 21.11 
10.49 11.W 1.10 2.16 11.27 3.42 

1.96 9.03 1.10 6.?5 11.21 1.6) 
1.62 8.33 1.16 8.45 11.21 9 . Y  
7.69 8.U 1.29 10.25 11.21 11.U 

10.57 12.06 1.10 2.16 11.21 5 . U  
9.01 10.16 1.10 b.66 11.21 6.41 
8.00 9.01 1.10 6.16 11.27 1.67 
1.33 8.24 1.11 8.U 11.21 8.96 
7.39 8.38 1.29 10.26 11.21 11.41 
7.b7 8.31 1.1G 6.75 11.21 1.31 
7.42 8.U 1.10 6.15 11.21 7.36 

8.n 10.03 1.10 4.66 11.21 6.32 

12.R 
7.0b 
?.LO 

1.21 
8 . n  
9.33 
9.m 

10.b1 
11.25 
12.35 
11.81 
28.1b 
1.32 
8.01 
9.08 

10.b9 
12.5b 
7 . u  
8.08 
9.11 

10.22 
12.b3 
8.86 
8.85 

7 . n  
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Table  3 (cont inued) 

C h m l  S a - . i ' u n  
Elprimmt 6 
Data: 10 W t  1990 
T i n :  16:25:15 

T I  TB II 

K K k#/h 
296.22 425.81 11.61 

Hot-lid. 1I.pratur.r: 

X 1 Tu 

a a K  
1 . 5 ~  0.655 w . m  
2 . ~ 0  0 . 6 5  3n.u 
5 . a  0.6) 396.82 
7.610 0.655 b19.16 

12.W 0.655 450.bl 
15.655 0.655 457.23 

10.160 0 . 6 5  m.m 

I nru1at.d-S id@ 

X V 
a m  
0.m -0.w 
1.2m -0.318 
2.527 -0.530 
3.810 -0.318 
5.080 -0.118 
6.565 -0.518 
7.610 -0.m 
8.903 -0.m 

10.160 -0.318 
11.650 -0.518 
12.200 -0.m 
13.9m -0.518 
l5.2bO -0.953 
2.527 -2.223 
5.m -2.235 
7.607 -2.235 

10.1n -2.223 
12 .m -2.223 
2.WO 2.191 
5.060 2.22s 
1.620 2.223 

10.W 2.223 
15.713 2.22s 
7.607 -3.bPI 
1.- 3.493 

?o 
V I  

6950.0 

m-?I V f  9' uqt 
w . x u x  
9.28 25.27 2503.0 1.16 . 

T-rmturn d C.l~~!.td Oat.: 

t u  T t  1.u 
K K K 

SZb.71 298.19 2W.21 
350.2b S00.41 SO8.U 
565 1'. 318.62 318.65 

m.49  sx.oc a . 1 1  
sw.06 w . 1 2  n8.15 
bOb.67 157.98 356.02 
417.u M8.05 sbe.07 
b2b.n Sn.81 3T1.61 
432.1' M1.U M7.U 
u0.41 396.95 397.00 
u7.22 107.12 107.17 
U1.2b 417.05 b17.10 
w.20 w.03 320.05 
m.99 w.82 %om 
bl4.02 Sb1.W Sb2.01 
u2.n 3a.M se3.u 

368.6 S20.23 uO.26 
391.91 W1.02 Y1.W 
414.64 M2.M W.bl 
u1.37 m.55 se3.59 
u 7 . u  b0b.U 404.56 
b23.3b 567.12 Sbt.15 
b25.Y W.bb W.Y 

3n.s ud.n sza.sa 

ua.w ro3.n m.n 

? 
k?. 

6950.0 
m9.3  
6 W . S  
6947.7 
m.9 
m . 2  
b9bS.L 
6951.6 
MJ.8 
690.1 
6912.3 
m 1  .5 
6940.7 
w . 5  
6916.9 
6945.4 
W . 8  
slw2.3 
W . 5  
6916.9 
6945.4 
b943 a 
slw2.3 
m5.4 
m s . 4  

'I 

us 
17.53 
1e.11 

19.25 
19.81 
i0.R 
20.w 
21.51 
22.37 
2.62 
23.17 

2b.31 
17.57 
18.U 
19.81 
20.95 
22.04 
17.50 
18.61 
19.74 
20.87 
21.97 
18.59 
18.U 

i8.n 

a n  

R E P I  

9017 0.661 
M18 0 . W  
M28 0.662 
ab% 0.W 
6292 0 . 6 2  
8131 0.665 
ww 0.663 
781  0.665 
7b93 0.665 
m 0.665 
7 w  n.665 
?SI3 0.- 
7193 0.664 
W l  0.661 
nm 0.665 
1bll 0.665 
7 1 a  0.665 
b a 2  0.665 
6011 0.w 
7,w 0.665 
nrz 0.665 
mb 3.665 
6w 0.cw 
6 W  0 . U  
bb52 0.665 

h U  

552b 53.U 
4m a.31 
bo10 23.16 
S ? S  21.b5 
m2 21.bo 
m 1  20.98 
378b 20.25 
S R O  19.53 
SM1 19.92 
3915 19.Y 
bl27 20.60 
4926 24.18 
%be 21.56 
3311 21.R 
3230 17.M 
SW 18.F 
3700 18.90 
bO22 19.85 
37e *.;.a 
SW 19.81 
352. l8.n 
3?90 1 9 3  
4139 20.b1 
I?n 17.2b 
u t 1  1b.W 

U / W  .K) 
Ilk 

w.pz 
50.sb 
2b.92 
25.07 
25.00 
22.52 
21.R 
20.93 
21.2b 
21.09 
21 .a1 
a.bb 
28.22 
2s.U 
19.53 
20.2b 
20.19 
21.9s 
2s.u 
21 .39 
20.15 
20.e 
21.59 
1a.e 
18.29 

----.- 
utv 

K 
1.10 
1.10 
1.10 
1.10 
1.10 
1.10 
1.10 
1.10 
1.10 
1.10 
1.10 
1.10 
1.10 
1.10 
1.10 
' .10 
1.10 
1.10 
1.10 
1.10 
1.10 
1.10 
1.10 
1.10 
1.10 

---VYortaint 
Utf Ura 

K X  
0.Y 11.27 
1.19 11.27 
1.52 11.27 
1.w 11.21 
2.52 11.27 
3.07 11 27 
3.65 11.27 
4.07 11.27 
4.55 11.27 
5.01 11.27 
5.50 11.27 
6.05 11.27 
6.55 11.21 
1.52 11.27 
2 52 11.27 
b.62 11.21 
4.54 11.21 
5.50 11.21 
1.52 11.27 
2.52 11.27 
3.u 11.27 
4.53 11.21 
5.51 11.27 
3.62 11.27 
3.65 11.27 

i----.-.---- 

H Y U  
x x  

12.63 13.37 
5.61 7.bb 
6.05 7.80 
6.58 8.21 
7.25 8.76 
8.06 Q.65 

8.91 10.18 
9.57 1 .-5 

10.87 11.9s 
12.28 13.23 
13.67 16.53 
15.90 1b.U 
9.u) 3o.m 

5.88 7.67 
6.55 8.19 
8.47 9.79 

10.51 11.60 
(3.56 1b.21 
5.W 7.61 
6.91 8.50 
8.b5 9 . n  

10.69 11.n 
13.11 14.16 
8.00 ?.bo 
7.92 9 .u  
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Table  3 (continued) 

I 1 1. 

m a c  
1 . w  0 . a  m.0.Y 
2.w 0 . a  a3.oo 
5.m 0 . m  3m.11 
7 - a  0.63 WS.14 

19.160 0.05 JY.47 
1 z . m  0.- 4m.w 
15.653 0.655 412.13 

I 
m 

0 . a  
'1 .m 
2.527 
1.810 
5.- 
6-rn 
? . h a  
8.903 

10. la 
11.- 
12.100 
13 .m 
15.240 
2.527 
5.- 
7.607 

1 0 . m  
1 2 . m  
;.yo 
5.- 
7.- 

10.1&7 
12.n3 
?.a7 
?.a# 

I lr 
a s  

-0.w 31c.u 

4.m n4.n 
-0.118 b 2 . W  
-0.3Y S9.u 
-0.318 366.29 

-0.mS 3m-W 

-O.S!8 m.0 
-0.- s%.Y 
-0.318 4e.n 
-0.- m.3 
-2.m %'.W 
-2.235 370.21 
-2.m m-07 
-2.223 3n-m 
-2.m (03.21 
2 . w  yo.15 
2.m w.v8 
2.m 3m.S 

-0.318 rn-w 

- o m  m.a 

.o .s i i  pLl.m 

2.m m . 1 3  
2 . z  ro2.n 

3 . 4 ~ ~  m.n 
-3.49s fc0.w 

b I f -  

25.96 cm1 0.111 
26.55 1SlU 0.662 
77.13 1- 0.m 
n.o 1 m  0.- 
a.n l&oe 0 . w  
28.81 12435 P . 6 u  
29-P 1 m  0 . e  
29.- 1210) 4.w 
10.51 11m7 0.- 
S1.W 11811 0.- 
11.60 1 1 m  0.663 
S2..; 11525 0.- 
Y.75 11387 0.- 
X . I  ''m 0.662 
26.3 1 1 W  0.- 
27.21 11210 0.- 
21.u 1- 0.- 
29.9 1- 3.m 
25.y. 1 w 1  0.- 
21.4% 1'591 0.662 
27.w 1 1 w  0.w 

29.82 19767 0.- 
24 67 W P  0 . W  
2S.a 10016 0.W 

.I. 

a.n H M ~  0.w 

-.-----_ -.i.*iu- ---.----- 
b mJ w Uw Wnt u.* * yu 

IDR 4O.a S0.U i.:5 3-68 11.27 1S .S  1b.26 

5542 32-U 34.21 1-10 1-m 1 l . Z  6.49 8.W 
fwl 10.21 32.3 1.10 1.m '1.21 6.m 8 - a  

UlW.1) K C X I X  

m m-i; 4: .a  *.io o m  1 i . n  4.20 7.01 

au m . u  P.M ( . io  1 . n  1i.n ?.a 8.vs 
SSS7 Jo.12 3l.m 1.10 2.11 il.2? 8-1V 0.55 
yn 29.27 m.w 1-10 2-48 11.27 6-95 10.21 
5146 ZS-19 2p '5 1.10 2.n 11-21 V . 4  1Q.U 
ml 28-W SO. 1.16 3.10 1 l . X  10.a 11.76 
sm a.54 29.- 1.10 3.42 11.2? 11.m 12.85 
TU ;v.w m a  1-10 3.m 1 1 . 2 ~  13.51 n . v i  
bcfz 33.55 35.01 1.10 1.13 1l.n 14-60 15.b1 
nn u.OI n.po 1.lU 4.46 11.27 2?-X 27.63 
5241 SO.61 52.42 1-10 1.08 11.27 6-31 8.00 

4893 26.3 a 'i 1-10 2.48 11-27 8.40 F . n  
4255 24-14 21.u 1.10 :.n 11.27 6-52 e ir 

sin 2 7 . ~ 2  a*; 1-10 3-10 1 i . z ~  10 .~7 1 i . u  

sw a.n z v . ~  1-10 3.76 11.~1 iz.ai 1x2 

*. a 0 7  a.tl 1.10 r.n ~ 1 . ~ 7  7-11 8-65 
9176 10.24 S2.B 1.10 1 . g  11.27 6.27 7.W 

4Wl 27.10 21-60 1.10 2 . U  11.21 8-4O V.81 
510, 27.u 1 -91  1.10 3-09 11.27 lt.31 11.42 

u 1 v  D.Y n.10 :.to 2.48 11.27 7 . n  9.17 
4402 24.- 23-60 1.10 2.4V 11.27 Z.65 V.26 

nu a s s  29-70 1.10 3 . n  11.27 1z.n r 3 . a  
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Table 3 (continued) 

0.0W 
1 .ZIP 
2 . 2 7  
S.810 
s.aa 
bA.3 
?.uo 
8.- 
1o.w 
11.00 
12.m 
1s.m 

1s.zbo 
2 . W  
3.00 
7.w 

1o .m 
12.m 
2.W 
S.OM 
7.620 
tO.lb? 
U.?U 
?.Lo? 
?.tff 

-0.- s1r.n 
-0.s~ m.n 
-0.~10 =.a 
- 0 3 8  3W.U 
-0JU m1.w 
-0.su M6.u 

-0.m mr.w 
-0.118 Yo.= 
-O.fl@ Yr.b: 

-0.m Y.a 
-0.M m.1s 
- 0 . a  YI.0) 
-2.m IY.D 

-2.0) m.a 
-2.m w.n 
-2.m m.o 
2.1n nbsr 
2.m n5.a 
2.m JR.79 
2.m Y1.a 
2.m 1R.W 

-SA- Y .U 
SAOJ W.Y 

-0.- s1.n 

-2.m s.n 
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Table 3 (continued) 

u 
-----. 
yb 

C 

1-98 
1.Y 
1-98 

1.Y 
1.U 

1.98 

1-w 

1.1 

1-m 
1-w 

1.w 

r.w 

1.n 

1-n 

1.- 

1.W 

1.- 
1 .la 
1.w 
1.w 
1.W 
1.W 
1.- 
1.10 
i .la 
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Table 3 (continued) 

11.v 
l3.m 
Y. u 

wo 
1t.U 
l8.51 
=A 
am 
2l.m 
a m  

n a  

a.a 
=.a 

n.u 
11.11) 

17- 
ns  
2l.W 
1 x 3  

17.R 
a 1 1  
P.0 
lt.Q 
17.1t 

n.n 
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Table 3 (continued) 

11-m 12-Q 
S.ol ?.a 
S.% ?.e 

4.U 8.40 
?.Y 9-m 
8.ss 9.82 
9.W 10.0 
f1.Y lt.Y 
11.0 12.e 

lS.16 1s.u 
28.a z1.x 
S.40 ?-31 

&O? V A S  

1z.u 13.a 
S A  1.33 
6.56 8.20 
8.07 9.U 

1o.a 11.a 
13.17 1b.01 
7-19 9.13 
?.SI 9.01 

6.13 ?.a 

11.20 1r.m 

6.n a.oz 

9.n t1.m 
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Table 3 (continued) 

a.u i u i r ~  a.ui 
a.n imt a.yz 

p.10 issz a.(u 
m.w ism 0.w 

Q.zl 1 s  0 . U  
s.10 u(o1 0.m 
?i.U 1- 0.- 
Y.R l a  0.w 
fl.Y 1- 0-w 
38.- l l l p  0.- 
10.H 1- 0 . a  
m1.a 1 1 m  0.- 
4Z.u 11rn  2.- 
a.n 1 m  0.w 
fl.OO lZlQ 0.w 
Ss-11 115U 0.w 
b.Y 1m 0.w 
s7.Y low 0 . u  
29.a 1- 0.w 
S l - s  1 0 1  0.w 
S.61 l l az  0.w 
S3.m l lU1  0.- 
m.17 1-1 0.- 
w.n law 0.w 
S0.n l o 8  0.- 

n.p Y.I 1-10 0.01 1 i . n  ?z.io z .w  

II.U rr.n 1.10 1.0) 11.27 S.P r.47 

r.n a.w 1-10 s-u i1.u 7.w 9.00 

a.w s1.a 1.10 3.1s 1 i . n  e.* 10.2s 

b1.W r).% 1.1@ 1.46 11.27 S.14 7-11 

S1.Y Y.& 1.10 2.W 11-27 6.1s 7 . 1  
11.10 %.U 1-10 S.% 11-27 b . n  8 3 7  

b.U 52.44 1-10 Ll? lI.27 8.P V.70 

a m  Sl.35 1-10 5.n il.27 10.1s 11.2. 
a- mu 1-10 6-31 11.21 11.B !L.S7 
am s1.n 1-10 6.- 1i.n 12-u  1s.u 

n.a =.a 1.10 0.a 1 i . n  a-e sa 
~ 1 . ~ 1  %.an 1-10 1.1) i 1 . n  1.0 I.Y 

n.a zv-x i.ia 4 . s ~  1i.n 7 . u  v a  
am n.17 1.10 S.R c1.n V.Y  io.^. 
z7.y n.u 1.10 6.9s *i.n 12.0s i1.m 

a.6 3 i . a  1-10 s.u 1i.n 6 . u  0.16 
n.sv fo.a 1.10 4.s~ r1 .n  ?.a V.Y 
n . t r  n.n 1.10 r.n 1 i . n  9.74 10.92 
n.y n.zp 1.10 6.01 ~ 1 . z ~  12.13 is.09 

N.B =.a' 1.10 6.n 11.27 7 . u  8 . a  

Jz.@ B.01 1-10 ?.a 11.27 1S.m 1 b . P  

=.a 29-27 1.10 3.U 11-27 b.17 ?.Po 

3r.s %.a 1.10 1.19 11.27 5 . N  ?.SI 

&OS 28.U ?.lo C S 7  1 l . n  7.Y 6.U 

66 



Table 3 (continued) 

0.- 
1 .m 
2.121 
3.m 
S.- 
b.W 
7.- 
1.- 
10.w 
11.- 
1 2 . m  
13.m 
15.m 
2.121 
5.- 
1-01 

1 2 . m  
2 . w  
5.0) 
r.ba 

10.W 
12.m 
r-be? 
7.m 

lo.m 

0 . U  
0.m 
0.- 
0 . u  
0 . u  
0.m 
0.- 
0.- 
0.- 
0 . U  
6.- 
0.m 
0.W 
9.- 
0.- 
0.m 
0 . U  
0 . U  
0 . u  
0 . U  
0.- 
0.- 
0 . M  
2 .Y)  
0.- 

12.M '5.57 
5.u 7.Y 
s.82 7.62 
b-25 7-96 
6.A u.m 
7.47 6.W 
8.20 9.# 

9-79 10.e 
10.11 11-m 
11.10 12.w 
t2.m 13.n 
26.a 2b.n 
5.u 7.51 
b.Ob ?.A 
7 . u  9.11 
9.41 10.62 

11.50 :2.51 
5 . u  7.U) 
b.48 1.1b 
I.?? 9-20 
9.32 IO.% 

I1.Y 12.38 
7.02 6.57 
7.12 8.66 

a . a  9-91 
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Table 3 (ccntinued) 

X l t r  
~ c . 1  

1 . Y  0.w u.11 
2.- 0 . a  m.s 
5.- 0.485 01.0 
1.- 0 . a  m.61 

10.- 0.485 b1C.W 
12.m 0.485 a0.n 
13.163 0.m b2r.u 

X v 
o m  

o.Oo0 -0.- 
1 . m  -0.310 
2 . w  -0.m 
s.no -3.110 
5 . 0 0  -0.N 
6.W -0.310 
1.- -0.m 
0.- -0.m 

1o.w -0.118 
1l.Uo -0.SU 
12.m -0.w 
ts.m -0.SlO 
15.m -0.- 
2.527 - 2 . m  
5.- - 2 . m  
1.01 - 2 . m  

1L.poo -2.223 
2.w 2.197 
9 . m  2 . m  
1.m 2 . m  

3.W' 2 . m  
ILnJ 2.m 
t.LD1 - S . M  
1.- SA- 

1o.m -2.- 

U n 

8.W 
0.W 
0.W 
0.W 
0.W 
O* 
0.W 
0.- 
0.- 
0.- 
0.- 
e.m 
0.- 
0.W 
8.W 
0.- 
0.W 
0 . U  
0.- 
0.- 
0.m 
0.m 
0.- 
0 . U  
0.- 

L U  

1- =a 
W U  -10 

~ I Q Z  n.n 
lati m.a 
rm n.n 

mi n.m 
uol %.a 

95m O.Y 
Y.Y 

YI) S2.a 
mn 51.a 
w S2.w 
1an s1.m 
1lW 61.29 

M 42.u 

w 0.n 

rm S.SY 

mo u.n 

mn m.n 
rm n.0 
a n.0 
mi a.a 
mr 0.0 
wo) 0.1 
nn C0.m 
W5 b1.0 

u 
--.... 
ybl 

1 
1 .lo 
1.10 
1.10 
1.10 
1.10 
1.10 
1.10 
1.10 
1.10 
1.10 
1.10 
1.10 
1.10 
1.10 
1.10 
1.10 
1.10 
1.10 
1.10 
1.10 
1.18 
7.10 
1.10 
1.10 
1.10 

.-.-tc*("- ----..--- 
W t t y . Y W  
x x s a  

0.0 11.n IS.% t4.n 
0.07 11.n 5.n 1.a 
l.W 1l.n b.10 1.Y 
1.S 11.n b.U 8.11 
1.R 11.n b.92 8.N 
2.0) 11.21 t.53 9.00 
2-61 11.n 8.19 9.33 
2 . n  1l.n 8.5s V.S? 
s.m 11.21 9.Y 10.Q 
3.40 11.n 10 . s  11.63 

b.11 11.21 12.a 1S.a  
4.U 11.n a.z, n.ot 
1.8 11.n 3-95 1.R 
1.R 11.27 b.Ql 7.n 
2.U 11.n 1.U *.Ob 

s a  1i.n 1i.w 12.50 

s a  1i.n 9 . s   io.^ 
s.n 1i.n 11.~1 12.53 
1.a 1i.n 5.m ?.a 
1.R 11.27 b.5. 8.22 
2.0  1i.n 1.n 9.18 
s.w 11.n 9.1s 10.)) 
s.n 11.21 11.02 12.01 
2 . u  i1 .n  6.m 8.u 
2.U 1 l . n  1.W 0.59 
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Table 3 (continued) 

X T Ir 
m a r  
1.m 0.- 3o.w 
2.w 0.0s w.00 
S . 0 0  0.653 407.2l 
7.620 0.655 m..) 

10.1Lo 0 . M  m.w 
1 2 . m  0.- Ilt.61 
1S.W 0.43s m.63 

0.m 
1.2m 
2.W 
1.810 
S.MO 
6.W 
7.620 
8.W 

10.160 
11.4s 
12.m 
ls.m 
1S.W 
2.W 
S . 0 0  
7.w 

12.m 
2.w 
S.000 
7.420 

10.167 
12.r .  
7 . w  
7.- 

1 a . m  

-0.w sn.50 
-0.S14 4SV.61 
-0.530 *.a 
-0.S18 U7.Y 
-0.118 YI.0 
-0.S18 
-0.m 6n.Y 
-0.30s a8.W 
-0.s11 a.02 
-0.S18 n2.0 
-0.30s El.82 
-0.m m.17 
-0.m m.ca 
-2.m s0.n 
- 2 . a  5m.m 
- 2 . a  165.4 

-2.223 ns.06 
2.1w s11.19 
2.22s s0.w 
2.223 y1.u 
2.223 n7.m 
2 . m  nl.n 

-s.4m 670.Y 
S.bV3 701.24 

-2.m 7.s.m 

2M.Y 
sa.- 
ss7.s 
f0.Y 
61S.D 
us.22 
6n.W 
sob.s1 
m.u 
W.31 
m.u 
620.n 
4sO.u 
Y1 .R 
US. 13 
0s.w 

av.Y 
w.a 
4a.n 
4m.23 
S%. 12 

6m.w 
S10.41 

n9.w 

rr6.n 

zo1.Y Lpy.0 
m.az W . 8  
m.u a . 1  
PL.u uw.6 
61S.m MW.6 
u5.a bw8.s 
6N.Y M . 1  
%.H m . 0  

w.io W.? 

m.ol M n . S  
6W.M m . 3  
Y1.U -1.1 
m.18 MW.6 
4U.m m . 2  

610.01 m . 6  
w.m cpl1.7 
us.81 H n . 6  
6 l O . b  yI I I .1  
sw.a m . 9  
61b.U LIR.r 
4M.01 6911.2 
310.64 IITI.1 

m.7o m . 9  

w.n m . 6  

w9.n w 6 . 9  

17.16 
19.40 
2l.b 

2b.69 
zb.21 
27.m 
2v.u 
11 .s1 
32.W 
Y.U 
Y.d 

20.01 
a.40 
Y.0 
so.# 
IJI.91 
19.n 
23.01 
24.U 
2V.U 
P.1) 
24.13 
2b.W 

m . a  

0.Y1 
0.m 
0.- 
0.W 
0.W 
0.Y) 
0.- 
0.Y) 
0.W 
0.W 
0.W 
0.W 
0.W 
0 . U  
0.- 
0.- 
0.W 
0 . U  
0.W 
0.W 
0.66) 
0 .W 
0.W 
0.W 
0.M 

n.1s S7.m 1-10 2.a 11.27 11.0 C2.U 

a.am n.o 1-10 6.36 11.27 S.% 7 . a  
18.06 21.e 1.10 3-62 11.21 3.PO 7.68 
17.67 2O.N 1.11 1-42 11.27 6.W 8.19 
1b.Y 19.61 1.S1 9.10 11.27 7 3 1  8.81 

a.00 s1.s 1.10 s.m ci.zr 4.m 6.m 

11.49 18.w 1 . u  t o m  11.27 a.w 9 . u  
16.u 16.m 1.n 12.0 t9.n 8.60 9.90 
1S.m lb.12 l.U 1S.U 11.0 V.S1 V0.n 
1S.W 1S.M 1.n 14.87 11.27 10.91 11.97 
16.U 16.U l.Y 1 6 3  11.21 1Z .U  13.U 
I 4 . I  18.n 1.W 17.m 11.27 14.41 13.29 
18.O) W.zb 1.W 1P.67 11.U 27.06 21.11 
l8.Y 22.u 1.10 6-36 11.27 s.21 7.17 
1 S . U  18.u 1.21 l.U 11.27 6.17 ?.PO 
1b.M 16.U 1.3s 10.R 11.27 l . m  Q.16 
12.- 1s.w l.n 11.67 11.0 0.1s 1O.R 
14.12 1S.Y 1.m 1&.% 11.27 1z.u 13.27 
11.a 22.9) 1.10 6 . S  11.21 s.21 1.21 
16.42 19S7 1.z) 7.U 11.21 6.H 8.06 
1S.VS 16.U l.Y 1O.n 11.27 7.60 9.00 
1S.32 13.Y 1 - 7 8  15.44 11.27 9.Y W.37 
14.m w.sr 1.91 1 6 s  11.21 12.w 1s.w 
1 s . v  16.a 1.n 10.n 11.21 r.4v 8.pb 
1 2 3  I L L S  1.n 1O.n 11.2? 1.11 8.68 
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Table 3 (continued) 

rot-sib 1 q . r . w :  

I T fu 
a c a K  

1*sm 0.05 rm.10 
2.w 0.0s bm.31 
 om 0.0s m.m 
7 . a  0.8) sm.~ 

10.w O&S ba.27 
12.m 0.0s 07.b7 
13.bS3 0.0s bW.21 

0.000 
1.270 
2 . w  
3.810 
S . o g  
6.W 
1.620 
8.503 

10.10 
11 -4% 

12.m 
13.m 
1s.w 
2 . w  
1.000 
r.607 

12.m 
2.- 
1.000 
7.- 

10.1b7 
12.713 
7.601 
7.m 

1o.m 

-0.9s 356.84 Zp1.51 
-0.318 621.22 f19.52 
-0.350 (53.37 342.N 
-0.318 4m.m m.39 

-0.318 Io.% bo8.u 

-0.305 Sm.9 b53.M 

-0.318 bO3.8 bW.36 
-0.m u1.w S18.Tb 
-0.118 b60.Y S1.8 
-9.m b%.m s6b.w 
-2.223 w.21 ws.n 
- 2 . m  521.61 m . b 7  
-2.235 w.69 (10.39 
-2.223 a7.22 bm.u 
-2.223 6b3.41 sn.54 
2.1w i4b.n 346.66 
2.225 S1b.Ob 393.96 
2.223 5a.u b a s 3  
2.223 60b.B bp0.70 
2.223 Y3.13 537.93 

-3.693 W.31 (9.92 
3.49) bW.74 W . 0 7  

-0.~18 I0o.n =.a 

-0.m n7.n w . o r  

-o.stt~ sms b n . 0  

m.15 m . 7  
31v.II (RQ.1 
342.56 -1.4 
m.a m . r  
3M.36 wn.1 
r0.w m . 4  
b31.17 6976.7 
4B.m 6973.0 
b n . 0  m . 6  
4WA9 W . 7  
S18.W w . 0  
Y1.0 mb.4 
W.16 W . 1  
YS.Q 6911.4 
M.7b m.1 
(10.U dpTb.7 
4m.n r n . 6  
5Y.W m . 0  
W.R MIA 
m.01 m . 1  
U2.U W b . 7  
b W . 0  m . 6  
s38.Ob a . 0  
bS1.W m4.7 
W . 1 b  W b . 7  

23.0 
25.47 
27.X 
29.96 
30.64 
2.- 
Y.11 
S.87 
37.Y 
39.26 
bo.92 

H.4 
25.0 
a.07 
Y2.u 
Y.02 
39.35 
25.41 
1.n 
32.X 
n.m 
39.01 
31.01 
29. 91 

u.m 

ltpz 0 . m  
117s 0.M 
11m 0.- 
1 m 1  0.m 
10% 0.m 
WIZ 0 . a  
pbm 0 . a  
9270 0.- 
w n  0.664 
8703 0.- 

am 0.w 
m 0.m 

loLos 0.m 
mu 0.m 
mn 0 . a  

0.- 
mz 0.w 

1- 0.m 
PI07 0.m 
m 0.664 
nom c.w 

mw 0.w 
na 0.w 

an 3 . a  

nm 0.664 

bS.13 b9.W 1.10 1.60 11.21 
Y.01 b0.u 1.10 2.53 11.27 

2s.41 29.9 1.10 b.U 11.27 
2s.m 2a.Q 1.10 S . 8  11.zr 
24.20 27.73 1.10 b.93 11.21 
25.W 26-27 1.10 8.19 11.27 
22.M 25.02 1.19 9.19 11.27 
22.18 24.w 1.25 10.24 11.27 
2t.W 24-35 1.32 11.51 11.27 
22.22 %.SI 1.39 12.U 11.27 

27.21 l.m 1.41 14.81 11.27 
25.36 29.W 1.1t 3.n 11.27 
21.n X.S7 1.10 S . 8  11.27 
21.2 H.31 1-17 8.18 11.27 
20.35 22-93 1.Y 10.25 11.27 
2O.& a.85 1.u 9z.u 11-27 
2 5 . 0  30.31 1.10 3.% 11.27 
23.0) 26.73 1.10 s.611 11.27 

21.09 25.u 1.33 10.23 11.27 
21 .a  23.U l.u 12.u 11.27 
19.u 22.u 1.2s 8.18 11.27 
18.18 21.6 1.31 8.20 11.27 

H.R Y2.n 1-10 3.n 19.27 

24.m 27-26 1.67 13.0 1t.n 

m.m a . ~  1.18 6 . 1 ~  11.27 

ll.R 12.71 
4 . M  b.W 
s a  7.31 
s.96 7.74 
6 . 0  8.2? 
r.47 8.W 
8.32 9.66 
9.03 10.28 

10.20 11.u) 
11.a 12.a 
12.92 13.02 
1b.n rsss 
27.59 28.03 
S.M 7.20 
b.22 1.93 
r.91 9.32 
9-75 10.92 

12.34 1s.a 
5.30 7.23 
6 . 0  8.0T 
7 . B  9.27 

10.0) 11.18 
12.R 13.U 
7 . u  9.01 
7.30 u.80 
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Table  3 (continued) 

chrrrl Yrlm 
trprimt 8 
oat.: 11 wt 1m 
Tim: 15:59:u 

I T lu  
c m a c  

1.- 0.&5 a.zr 
2.Wo 0.65  w.01 
5.080 0.65 a 2 . D  
1.eo 0.65 519.60 

10.160 0.65 %.a 

13 .m o.bs5 145.91 
12.700 0.65 m.o, 

t.WO 
1.2m 
2.521 
3.810 
5.080 
6 - W  
1.610 
8.- 

1 o . w  
11.w 
12.700 

15.260 
2.521 
5.080 
1 . m  

1 2 . m  
2 . w  
5.080 
1.620 

10.1b1 
12.n) 
1.601 
;. &x? 

1 5 . m  

1o.m 

-0.966 3bo.Y 296.13 
-3.318 m.m 312.C 

-0.318 Q1.Y W . U  
-0.318 U1.W 361.32 

-0.m ri3.w n9.u 

-0.318 w.p0 m . ~  
-0.3~0 aim 0 ~ 1 . 0  
- 0 3 6  bW.16 b10.25 
-0.3w 51o.at b26.22 
-0.318 u3.60 U1.96 
-0.305 5P.N b51.10 
-0.318 551.67 blb.12 
- 0 . a  W.61 bp0.Y 
-2.223 rzf.34 332.31 
- 2 . m  W.M U . 8 7  
- 2 . m  bW.# U1.W 
-2.223 521.23 4n.u 

2.191 b23.01 n2.U 
2.223 W.80 366.65 
2.223 b96.W bO1.0 
2.223 5I .16  b36.69 

-3.b- 519.1 b13.M 
3.bQ3 u3.W 415.01 

-2.223 5w.n m.n 

2.223 5n.u m . a r  

a.22 m.l 
312.91 m . 6  
m.65 m 0 . 0  
W . W  69n.b 
361.b5 M1b.V 
3n.Y MR.3  
3m.w W . 8  
b1O.U W . 2  
UbA1 W . 6  
U2.16 6oyz.1 
b51.n W . 5  
b1b.W H56.9 
b90.H 6Rw.b 
=.b1 W . 0  
U . W  Wb.9 
M.11 W . 8  
W.66 W . 6  
bn.U W . 5  
n2.53 W . 0  
-.TI W b . 9  
u1.w W . 8  
&.OS W . 6  
bn.06 m9.5 
413.50 W . 8  
416.00 W . 1  

32.61 
3b.u 
36.18 
31.m 
fp.60 
b1 .Y 
0 . W  
U.b 
bb.51 
u.27 
b9.91 
51.n 
53.u 
a.o 
37.0) 
a 5 1  
U.03 
b1.M 
a . l b  
31.13 
u.65 
u.w 
b 1 . U  
31.59 
31.13 

1m 0.661 
166% 0.662 
1- 0 . a  
153n 0.663 
Ib918 0.663 
t u n  0.- 
1bOR 0.663 
13681 0 . u  
1- 0.- 
13009 0 . u  
1 2 m  0.w 
1m 0 . u  
1211b 0.W 
1 b W  0.M 
1Y10 0.663 
12792 q.665 

11b- 0 . U  
1 b W  0.662 
13651 0.663 
12835 0.663 
12127 0.w 
11511 0.w 
l l a z  0 . u  
110n 0.666 

laon 0 . u  

10151 
MS 
66y 

uy 
a85 
6S21 
6 5 5  
an 
65v3 
66Y4 
6916 
m1 
8169 
6146 
5% 
-1 
621b 
6616 
6166 
5969 
5966 
6237 
6610 
5569 
5 2 n  

61.51 66.U 1.10 1.22 11.21 11.87 12.65 
b6.I 52.29 1.10 1.m 11.27 b.91 6.95 
n.b7 42.W 1-10 2,bb 11.U 5 . 0  7.33 

3b.U P.80 1.10 b.15 11.27 6 . I  8.22 

32.37 36.11 1.10 6.01 11.21 8.17 9.54 
31.10 Y.6L 1.10 6.1b 11.27 8.e 10.10 
31.36 36.66 1.10 7.10 11.27 9.w 11.13 
10.79 33.80 1-10 8.29 11.21 11-20 12-24 

Y . 1 b  31.?6 1.11 10.02 11.27 13.66 1b.52 
31.92 m.93 1.10 1o.u 11.27 26.01 26.0 

28.96 33.15 1.10 b.15 11.21 6.0) ?.a 

zp.0) 32.18 1.10 1.51 11.27 9.53 1o.n 
29.U 32.16 1.13 9.11 11.21 11.88 12.86 
34.65 fp.51 1.10 2.bb 11.21 5.m I.26 
31.U 35-63 1.10 b.15 11.21 6.29 1.W 
29.53 n.19 1.!0 6.01 11.27 1.n 9.16 
29.18 32.33 1.10 1.50 11,21 9 . u  1 0 . 4  
2V.U 32.18 1.13 9.12 11.21 11.88 12.86 
2b.w 29.55 1.10 5.w 1:.21 1.20 0.n 
25.51 28.M 1.10 6.01 11.21 1.13 8.66 

w.u 39.21 1.10 3.1 11.21 5.96 1.n 

a.6 n.n 1.10 5.01 11.27 7.n 8.w 

3 1 . ~  sa 1.10 9.11 11.27 12.34 1 3 . a  

n s  m u  1.10 2 . u  11.27 5.29 1.u 

2v.0 P.W 1.10 5.99 11.21 1.m 9.16 
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Table 3 (continued) 

hvrrl rpcirn 
E I p r i a t  8 
oat.: 13 *prt  lppo 
Tim: 16:05:21 

TA TI m 10 Po-m vt at 
c K L ~ / ~ V I V .  x Y a 

a.08 b59.15 32.68 -7.0 bb.67 76.U 7 2 . 0  1.11 

'lot-si& T w r a h l m :  

X 1 Tu 
Q Q C  

1.588 0.655 b13.10 
2 . w  0.655 ut.19 
5.m 0.65s bb8.85 
7.6tO 0.655 b??.b1 

10.160 0.655 bV6.13 
12.100 0.655 517.01 
13.653 0.655 52V.13 

X 

Q 

0.m 
1.270 
2.527 
3.810 
S.080 
6.263 
7 . m  
8 .W 

10.160 
11.b30 
12.100 
13.970 
15.210 
2.527 
5.- 
7.607 

10.1TJ 
1 2 . m  
2 . w  
5.m 
7.620 

10.1b7 
12.7l3 
7.607 
7.633 

1 
a 

-0.965 
-0.118 
-0.W 
-0.318 
-0.518 
-0.311 

-*.m 
-0.318 
-0.318 
-0.m 
-0.318 
-0.W 
-2.225 
-2.235 
-2.235 
-2.223 
-2.223 
2.197 
2.223 
2.223 
2.221 
2.223 

-3.b- 
3.195 

-0.m 

1Y 

c 

3n .a 
SW.15 
bOS.17 
b15.59 
a.60 
bb1.6) 
(55.62 
w.26 
47b.29 
b8b.W 
bW.O 
a . 5 6  
3M.61 
b36.13 
b55.U 

330.45 

471.65 
(99.26 
3W.Y 
a . 2 1  
bW.06 
bn.06 
bW.01 
b77.53 
bn.56 

It TW c 
c 1. V. 

295.91 296.06 m 7 . 0  
sm.65 308.62 w . 3  
321.37 321.55 6929.6 
m . b V  333.69 W75.8 

358.12 35a.J) m . 3  
320.b1 370.65 M . 6  
382.93 383.18 W . 9  
m . 1 1  3B.M m 1 . 2  
10r.11 107.10 M 3 . 5  
b18.M b19.26 6Vb9.8 
01.62 b31.B 6 W . O  
U3.w bus3 w . 3  
323.84 u5.W 6919.6 
350.10 350.5.5 M R . 1  
3n.u 3n.6b M . 7  
bob.?? bo5.01 M 7 . 2  
UO.?? 41.03  6949.8 

3b9.W 350.07 6VR.1 
376.81 377.02 m . 6  
b03 .U  103.R 6951.2 
(29.6) 129.91 6949.7 
388.19 388.- M . 7  
388.W W . 1 6  W . 6  

~5.a  n5.e M R . ~  

szs.71 u5.w m . 5  

V 

.I8 
b2.61 
bb.10 
b6.19 
b1.91 
b9.Q 
51.39 
53.13 
W.90 
56.63 
5a.w 
60.03 
61 .8S 
63.59 
b2.u 
b5.90 
b9 . 39 
52.93 
56.30 
b2.Y 
b6.27 
b9.n 
53.26 
56.68 
U.65 
b4.n 

I 

22299 
21- 
21111 
20591 
20106 
1- 
1Vl81 
18760 
18366 
17p96 
17668 
1m 
1- 
191R 
1510 
1R95 
16491 
1- 
19558 
18SR 
17bn 
16683 
15W 
1 W  
1 m 7  

n 

0.661 
0.662 
0.662 
0.662 
0 . W  
0.663 
0.66) 
0.663 
0 . W  
0.663 
0.66) 
0.66) 
0.66) 
O.M 
0.W 
0.663 
0 . W  
0 . U  
0.662 
0.663 
lJ.663 
0.663 
0.66) 
0.665 
0.W 

Uror ta in t i r - - - - - - - - - -  
ILI Ytu ytt Yra H YU 

W.13 Y . I  1-16 0.W 11.27 12.07 13.04 
57.78 b5.W 1.10 1 .U 11.27 b.W T.01 
b7.35 52.61 1.10 1.91 11.27 5.b7 7.36 
b3.W U.0 1.10 2.52 11.27 5 . S  7.R 
b3.W U.63 1.10 3.20 11.27 6.51 8.16 
b3.10 17.56 1.10 3.92 11.27 7.21 6.73 
b1.63 b 5 . Y  1.10 b.63 11.27 7.97 9.36 
39.4 b3.81 1.10 5.20 11.27 8.50 9 . 0  
C0.M u.13 1.10 5.m 11.27 9.60 lo.w 
39.W U.01 1.10 6.39 11.27 10.68 11.76 
10.2r u.65 1.10 7.02 11.27 11.69 12.68 
bb.03 b7.57 1.10 7.R 11.27 Y2.m 13.62 
0 . 3 8  b9.n 1.10 8.37 11.27 2b.16 2b.66 
U.83 b9.02 1.10 t.91 11.21 5 3  7.26 
35.51 10.05 1.10 3.20 11.27 5.87 7.66 
37.52 41.60 1.10 b.62 11.27 7.b7 8 . S  
37.66 b 1 . a  1.10 3.W 11.27 9.22 1O.bS 
38.06 b1.28 1.10 7.02 11.27 11.32 12.35 
43.61 u.78 1.10 1.92 11.27 5 . S  7.26 
39.91 U..52 1.10 5.20 11.27 6.21 7.95 
37.95 b2.03 1.10 b.63 11.27 7.53 8.99 
37.10 b1.01 1.10 5.n 11.27 9.13 10.3? 
37.68 10.91 1.10 7.05 11.27 11.2 12.2b 
32.30 56.17 1.10 4.62 11.27 6.86 8.b6 
30.35 36.21 1.10 b . 6 )  11.27 6.90 6 . U  

-. . . . . . . . 
c c x x x  
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Table 3 (cont inued) 

TI TB II PO PO-PI vf at uqc 
K C l r y h Y a Y a  I Y I 

2VS.76 425.69 O.a 6491.9 65.11 76.23 76%.0 1.16 

X I fu 
O G C  
1.w 0 . 6 5  397.39 
2 . m  0.655 4a3.91 
5.m 0.651 425.32 
7.629 0.65 ua.20 

10.160 0.651 464.66 
1 2 . m  0.655 4w.60 
13.653 0.651 m.91 

Inu la t  

X 
m 
O.Oo0 

2.527 
3.810 
5.- 
6.36) 
7.m 
8.903 

10.160 
11.430 
1 2 . m  

15.240 
2.521 
5.000 
7.607 

10.173 
1 2 . m  
2.540 
5.- 
7.b20 

10.147 
12.713 
7.607 
7.633 

1.2~0 

1s.vm 

I Tu 
m C  

-0.- 523.M 
-0.318 257.1 
-0.m 3n.a 
-0.316 3fl3.12 
-0.311 592.97 
-0.118 4a3.M 
-0.m 413.65 
-0.305 425.27 
-0.518 43!.?l 
-0.518 43v.91 
-0.305 448.35 
-0.318 458.44 
- 0 . m  448.21 
-2.223 371.66 
-2.235 412.m 
-2.235 425.Y 
-2.223 U2.a 
-2.223 460.06 
2.191 376.30 
2.223 O1.Y 
2.223 424.01 
2.223 62.62 
2.223 460.ob 

-3.403 447.30 
3.403 445.11 

:urn ud Calculatd  Data: 

l t  T Y  P 

K C V I  
2v5.49 295.73 6991.9 
305.56 305.82 b w . 7  
315.61 315.88 6901.5 
S25.18 325.48 6976.2 

3U.Y 344.97 6 W . 6  
354.35 354.69 bpb0.4 

W . 2 4  W.60 -5.1 

373.M 374.24 6p69.9 
383.34 383.74 W . 6  

w.76 m.07 m . 9  

3~2.70 355.12 6939.4 
a . m  ((u.15 m . 1  

338.~2 ~ 9 . 1 8  Mm.9 
m.45 w.n 6960.4 

412.47 612.9) W . 8  
317.n 317.w -1.5 

382.23 382.55 69b9.8 
402.93 4oJ.SO 6939.4 
317.54 317.71 tW@1.4 
338.27 338.54 6910.9 
359.59 359.8 6W.4 
sm.R 361.0s m 9 . 9  
401.43 601.81 6939.3 
371.24 371.47 6960.4 
3To.u) 3m.54 6960.3 

V 
U S  

53.60 
55.40 
57.20 
58.93 
60.65 
6143 
64.19 
65.97 
67.R 
6V.44 
71.14 
n.pb 
74.74 
52.14 
55.58 
59.w 
62.6 
66.1 
52.W 
56.31 
59.Y 
63.35 
66.80 
52.20 
52.91 

RE 

281R 
2?50 
269S5 
ZbLOl 
2sw3 
25392 
24%'l 
21165 
24035 
25631 
23248 
22853 
2248s 

23252 
22307 
21439 
rn 
22655 
23652 
226W 
21820 
21069 
tern 
19106 

242n 

PI 

0.661 
0.662 
0.662 
0.662 
0.662 
0.663 
0.665 
0.663 
G.& 
0.663 
0.665 
0.W 
0.- 
0.662 
0.662 
0.663 
0.663 
0.663 
0.662 
0.662 
0.663 
0.663 
0.663 
0.663 
0.663 

_ _ _ _ _ _ _ _ _  wrrtaintin.... .* - - - -  

h W K l h  WY U t f  Uro C Ihr 

16190 W.18 105.17 1-10 0.83 11.27 12.35 15.29 

W2b 51.20 63.14 1.10 1.54 11.2; 5.56 7.42 

W 53.09 5d.M 1.10 2-16 11.27 6.49 8.14 
p6#) 53.09 57.88 1-10 3.13 11.21 7.14 8.67 
-58 51.46 56.03 1.10 3.69 11.27 7.W 9.25 
9265 4% 53.34 1.10 4.14 11.27 8.29 9.64 
Q6u 50.05 54.17 1.10 4.61 11.27 9.35 10.56 
9559 48.U 52.68 1.10 5.10 11.27 10.31 11.43 
W2S 49.W 53.66 1.10 5.60 11.27 11.25 12.28 

10915 5S.S 57.91 1.10 6.16 11.27 12.M 13.00 
11871 57.73 60.43 1.10 6.67 11.27 22.99 23.51 
Psoo 55.81 59.24 1.10 1.54 11.27 5-45 7.33 
7581 42.06 46.M 1.10 2.56 11.27 5.71 7.58 
Mu 46.07 50.49 1.10 3.69 11.21 7.32 8.82 
V212 47.16 51.12 1.10 4.62 11.27 0.04 10.29 
V655 47.71 51.32 1.10 5.60 11.27 11.00 12.05 
916 53.06 58.42 1.10 1.55 11.27 5.41 7.31 
#I6 48.95 53.81 1.10 2.56 11.27 6.19 7.91 
8?8b 46.85 51.29 1.10 3.69 11.27 7.40 8.89 
8VVb 46.17 50.16 1.10 4.61 11.27 1.86 10.13 
9413 46.65 50.26 1.10 5.61 11.27 IO.?? 11.& 
14b 36.m 42.97 1.10 3.69 11.27 6.66 8.28 

U I W  .K) C K I X X  

t i n s  69.n 76.13 1.10 1.21 11.27 1.12 7.10 

WT 53.73 sam 1-10 2.02 11.27 5.m 7.15 

nss 3v.bv 43.m 1.10 3.70 11.27 6.74 8.u 
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TiAle 3 (cont inued)  

thrr r l  tpclm 
Eaporimc 8 
Oat.: 13 Aummt 194) 
Tim: 16:ZO:U 

X I TY 
m a K  

1.586 0.655 449.16 
2.UO 0.655 -.bl 
5.w 0.655 53b.05 
7.620 0.655 587.93 

10.160 0.655 624.52 
1 2 . m  0.655 657.l 
13.453 0.655 675.56 

0.OOO 

2.527 
3.810 
5.060 
6.363 
7.620 
8.903 

10.160 
11.buI 
12.700 
13.970 
15.210 
2.527 
5.w 
7.607 

1 2 . m  
2.uo 
5.080 
7.620 

10.117 
12.713 
7.607 
7.B) 

1.210 

10.173 

- 0 . w  355.66 F5.a 
-0.318 b20.37 318.53 
-0.330 (52.69 Yt.33 
-0.318 bR.22 363.07 
-0.318 bW.64 386.81 
-0.318 523.01 L07.23 
-0.330 SUA? u8.27 
-0.305 569.17 451.7l 
-0.318 m.23 4n.53 
-0.318 W.72 495.M 
-0.305 621.b6 516.32 
-0.318 639.9) 539.01 
J.953 62b.93 Mdl.22 

-2.223 465.64 w.s 
-2.235 520.26 391.05 
-2.235 %.W b36.36 
-2.223 607.11 U6.N 
-2.223 b65.17 531.76 

2.20 31f.47 392.39 
2.223 5667.97 4bo.62 
2.223 bo4.12 ba8.U 
2.223 642.20 535.31 

- 3 . W  WS.17 bb8.M 
3.b93 599.39 257.53 

2.197 w.05 ~ 5 . ~ 6  

295.73 
318.58 
frC.39 
W . 1 b  
5Bb.m 
bo7.32 
LtQ.36 
b51 .e 
(73.67 
(95.20 
516.Y 
539.19 
561.39 
3bb 59 
391.12 
b36.b6 
LM.35 
531.89 
Y5.52 
392. b5 

w . 5 3  
5 3 5 . 4  
bb8.66 
b37.61 

u 0 . m  

7015.5 
r n . 8  

7030.5 
r n . 8  
To27.2 
7025.5 
7023.9 
7022.2 
7WO.6 

7017.3 
7015.4 
m32.2 
7028.8 
7025.6 
m 2 . 2  
7018.9 
m d . 2  
7028.8 
M . 5  
7022.3 
7018.9 
7025.6 
7025.5 

7032.2 

mi8.9 

23.34 12311 0.661 
25.09 117l9 0.662 
26.83 lllM 0 . a  
28A9 10733 0.663 
30.lb 10318 0.663 
:1.a 9929 0.663 
33.56 951p 0.w 
35.28 9250 0.664 
36.96 a956 0.w 
38.61 OW 0.W 
4O.Zb a 3 9  0.664 
bl.W 8191 0 . a  
b3.69 7W. 0.666 
25.31 lb. 0.W 
1.63 9539 0.w 
32.02 SM 0.664 
15 (5 82ZO 0.w 
38.71 rn 0.664 
25.02 loa0 0 4 6 3  
28.33 93Ob 0.663 
31.7) 8673 0.- 
35.11 dodz 0.664 
3a.u m7 0.w 
50.56 81W 0.w 
29.U nsf 0.664 

m4 

b95f 
4727 
be24 
LbLo 
b766 
b R P  
-1 
4958 
5169 
S9)S 
65la 
4550 
bm 
u s 3  
LUL) 

baa6 
b6bb 
b501 
b393 
b z U  
5w7 
b1M 
3913 

5 9 n  
U.?5 
Y.53 
27.32 
2s .ob 
21.58 
23.7b 
22.56 
21 .62 
21.61 
21 .30 
21.Y 
24.09 
25.n 
N.96 
21.61 
20.n 

19.99 
25.u 
22.64 
20A3 
20.61 
20.n 
19.09 
17.87 

19.n 

b9.55 1.10 1.59 11.27 11.72 12.71 
bo.22 1.10 2.51 11.27 4 . Y  6.90 
31.91 1.10 3.30 11.27 5.38 1.29 
29.10 1.10 b.bO 1V.27 5.95 7.72 
28.36 1.10 5.60 11.27 6.59 8.23 
27.26 1.10 6.87 11.21 7.38 8.87 
25.n 1.10 8.12 11.27 8.20 9.54 
2b.M 1.19 9.12 11.27 8.90 10.17 
21.30 1.25 10.15 11.27 10 .0  11.22 
23.73 1.32 11.22 11.27 11.42 12.U 
23.90 1.39 12.33 11.27 12.60 13.53 
26.47 l.b7 13.M 11.27 1b.14 14.97 
27.34 1 A l  14.69 11.27 26.46 26.92 
29.b6 1.10 3.30 11.27 3.2b 7.19 
2S.a 1.10 5.60 11.27 6.19 1.90 
23.87 1.16 8.11 11.27 7.81 9.23 
22.35 l.Y 10.10 11.27 9.5b 10.7b 
22.19 1 . U  12.33 11.27 12.00 12.97 
29.92 1.lQ 3.31 11.27 5.28 1.22 
26.31 1.10 5.60 11.27 6.35 8 "3 
23.b9 1.18 8.12 11.27 7.73 9.18 
23.17 1.32 10.14 11.27 9.M 11.02 
22.91 1 . 4  12.34 $4.27 12.45 13.39 
22.05 1.24 8.11 11.2; 7.46 8.93 
20.73 1.30 8.13 11.27 ?.22 8.74 
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Table 3 (zontinued) 

u.34 49.M 1.10 1.m 11.27 !t.Y :< 5s 

21.n s1.0~ 7.10 &.it 11.27 5 . 3  1.2s 
D.Ql m.m t.1C 3.U 11.n 4.71 6.Y 

o.a a.ob .la sa 11.27 5.- ?A 
P.W Z7.W 1.11 b.W 1131 bSS 8.W 
a.11 am 1.a 837 1i.v 7.n 8.m 
2o.n =.as 1.n w.16 19.n a - v  9.5. 
t9.w a.n 1.u 11.- 11-27 8.a 1o.a 
W-Sl as1 1.n 12.s 11.27 9.91 11.09 
1v.a 23.w 1.a 14-01 11.21 11.Q 12.3s 
1V.Q 23-90 t.R 1s.m 11.21 12.n 13.u 

0.U tr.n 1.74 18.B 11.Zi 2625 26-81 
a.s~ ~ . i i  1.10 4-11 r1.n 5-19 7.1s 
a.27 &a 9.21 b.W 11-21 b.1? 7.W 
1Q.11 2Z.U l.U 10.11 ?I.:? ?.W v.21 
1t.n 2o.u 1.Y 12.O ll.n 1-60 10.11 

23.- 29.m 1.131 4.13 11.n 5.23 7.18 
21.W Z3.H 1.a b.W 11.27 b.n 8.t2 

18.01 n.a 1.Y 12.67 1i.27 v.v2 11.0r 
19.37 2 1 3  !.P 15.41 11.21 12.@ 13.R 
‘?.e 21.00 1 3 1  10.13 11.27 ?.Io 8.W 
lb.07 1V.a 1.Y 10.16 11.27 7-11 8.U 

21.90 24.P 1.81 %.PI 11.27 14.16 16.W 

18.7 2o.b? 1.rP 1S.S 11.27 1 2 . S  17.01 

18.~2 n.n IA? 10.14 t1.n r . e  9.10 
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Table 6. Uncertaint ies  i n  data ana lys is  parameters 
and ca lcu la ted  quan t i t i e s  

UncertaiDty 
Zarameter 

Channel 'Jidth 
and Height 

Length of 
Heated Zoee 

Location of 
Temperature Probe 

Channel Flow Rate 

Fluid Temperature 

Total  Heat r'low 

Fluid Velocity 

Fr ic t ion  Factor 

*at. Transfer 
Coef f ic ienc 

Reynolds Number 

Nwselt Number 

Haijor Source 
of Uncertainty 

Xeasurewnt 

Hea-uremen: 

Heasurewnt 

Specimen Uni- 
formity 

Channel FLOW Rate 

I n l e t  and Outlet 
Temperature 

Channel Flov Rate 

Channe 1 fir i $t, 
Presswe Taps 

Ch3nne1 Flow Rate 

Viscosity Function, 
Chams1 Flow Rate 

Channel Flow Rate 

Hagnitude of 
Uncertainty 

0.025 En 

l m  

se 

0.5-21.0 K 

1 - 0-  2.01  

6 . 9 - 7 . 5 8  

17-180 for 
Re > 4000 

5.9-12.98, 
0.2ut/L<O - 8 

1.1 - 3# 

7.6-13.8k. 
0.26c/L<O. 8 

Estimated OK 
Cblct1a:ed 

Estimated 

S s t i m t e d  

Est iata t ed 

Estimated 

Calculated 

Calculated 

C a l  cu l  a ced 

Ca 1 cu 1 E t e d 

Calculated 

Calculaced 

Calculated 

76 



T&le  5 -  Predicted flov distribution in heat transfer experiments 
using method of Appendix B 

r 
Location of 

Reg€on hundar ies Temp. Probe 
i 

I t 
i ( Y , W  (Y/W 

1 -0.500 , -0.364 0.4642 
2 -0.364 , -0.163 0.2842 
3 -0.163 , 4 . 1 2 0  0.0420 
4 4 . 1 2 0  , M . 3 6 3  4 . 2 8 2 7  
5 M.363  , +0.500 M.6642 

+-n/m for each region 
2 3 4 5 

5 
5 
5 
5 
5 

6 
6 
6 
6 
6 
6 -- 

4.06 0.9817 
8 .41  0.9650 

14.94 0.9223 
20.00 0.8942 
29.39 0.8562 
39.79 0.8226 

1 - 0034 
1 - 0055 
1.0021 
0.9992 
0.9971 
0.9946 

1 -0321 
1.0568 
1.0762 
1 - 0864 
1.1015 
1. I 1 4 1  

0 9958 
0.9917 
1 - 0022 
1.0112 
1.0217 
1.0316 

0.9973 
1.0055 

1.0680 
1.072" 

1.0031 
0.9950 

0.9539 
G. 9235 
0.9123 
0 - 9072 
0.8981 
C -8913 

3 - 924C 
0.9052 

-- 

20.34 0.9156 0.9996 1.0615 1.0067 0.9033 
30.30 0.8929 0.9966 1.0944 1.0142 0.8904 
50.04 0.8785 0.9951 1.1037 1.0183 0.3302 

1 3 . 3 3  0.9651 1.0072 1 . O i u ' -  0.9851 0.8919 
17.31 0.9410 1.0090 1.0816 0.9930 0.8885 
23.81 0.9042 1.0040 1.0904 1 . O O i 3  0.88d8 
31.08 0.8763 1.0034 1.1009 1.0144 C.8328 
40.64 0.8487 1.0027 1 . 1 1 2 C  1.0215 0.8757 

3.78 0.9845 1.0051 1.0328 0.9937 0.9510 
7 . 0 8  0.9456 0.9974 1.G546 1.06-1 0.9407 

1 3 . 6 1  0.9295 1.0042 1.0732 0.9997 0.9126 
19.90 0.8904 0.9998 1.0870 1n173. 0.9069 
28.62 0 . C ~ 2 8  0.9970 1.1013 1 1 0.8997 
40.98 0.8104 0.9939 1.1178 l . b>%l i  0 8912 -- 

77 



Table 5 .  (Continued) 

8 18.46 
25.23 

8 32.68 
8 40.88 
8 18.38 

17.94 9 

a 

- 

Expt. 1 i ' m,-n/m for each region 
2 3 4 5 

0.9397 1.0084 
0.9066 1.0039 
0.8815 1.0037 
0.8611 1.3034 
0.9412 1.0084 

0.9568 1.0123 

9.27 
15.90 
21.95 
31.35 
40.86 

0.9317 0.9866 1.0635 1.0104 0.9372 
0.9363 1.0023 1.0736 0.9998 0.9075 
0.9026 0.9998 1.0843 1.0110 0.9025 

0.8519 0.9990 1.1083 1.0233 0.8823 
0.8733 0.9994 1.0980 1.0181 0.8912 

1 - 0732 
1.0799 
1.0891 
1 0996 
1 - 1082 
1.0789 

1.9824 

0.9866 0.8951 
0.9953 0 - 3902 

1.0131 G.8825 
1.0185 0.8752 
0.9945 0.8922 

0 - 9849 0.8808 

1.0070 o 8899 
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Figure 1. Helium flov apparatus. 
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COolingAir- - Cooling Air 
and water and Water 

1 

I 

480 VAC 
75 A 
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Pressure Tap 1 ' Pressure ~ a p  

Figure 2 .  Specimen t u n a c e ,  showing location of inler gas temperature ( A ) ,  
upstream pressuze ( 0 ) .  outlet gas teaperatare ( B ) ,  and downstream 
pressure (1). 
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(end view) 
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Figure 3 .  Channel specimen. 
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Figure 4. Top view of channel specimen showing locations of blockage in flow 
channels due to braze fillets. 
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Figure 5. Friction factor (f) as a function of Reynolds number (Re) for 
experiments 1 and 2, no heating, compared to tuke specimen 
correlation and smooth tube correlation. 
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-201 
Figure 6 .  Percent difference betwem predicted and measured pressure drop 

(Po-PI) as a function of trelium flov rate (mj  for heat transfer 
experiments. 
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* o  
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Figure 7. Wall (T,) and gas (T,) temperatures as a function of x/L; 
experiment 8, 13.8 kg/h helium flow, a d  y/U - - 0 . 0 4 .  



4 

V/W 

Figure 8. Wall temperature (T,) as a function of y/W at seireval x/L 
locations; experiment 8, 13.8 kg/h helium flow 
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Figure 9. Wall- to-gas temperature difference (Tw-Tt) and heat transfer 
coefficient (h) as a function of X/L; experiment 6, 13.8 kg/h 
helium flow and y/W = - 0 . 0 4 .  
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Figure IC. Reynolds number (Re), Nusselt number (Nit), and modified Nusselt 
number (Ny) as a function of x/L; experiment 8, 13.8 kg/h helium 
flow and y,W - - 0 . 0 4 .  
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3 
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Figure 11. Uodified Nusselt number ( N Q  as a function of Reynolds number 
(Re); all heated experiments v i t h  0.2 < x / L  < 0.8 and 
y/v - - 6 . 2 3 .  
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Figure A . 1 .  Normalized meter hefit flow as a function of x/L for y/U - 0.12, 
36% voltage, reflective furnace calibratjon. 
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Fiere B . 1 .  Ratio of predicted channel flow to average channel flow, as a 
function of y / v  at several total flow rates for expetiment 8. 
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hea t ed  on t h e  t o p  s i d e  a t  h e a t  f l u x e s  o f  up t o  7 ? V / a n '  i n s u l a t e d  on t h e  t a c k  s i d e ,  and 
coo led  w i t h  hel ium gas  f iowing  i n  t n e  c h a n n e l s  a t  3.5 t o  7.0 ?Pa and Revnolds numbers o f  
1LOO t o  28 COO. The measured f r i c t i o n  f a c t o r  was lower than  :hat of  t h e  a c c e p t e d  corre- 
l a t i o n  for f u l l v  developed t u r b u l e n t  f low,  a l t h o u g h  o u r  u n c e r t a i n t y  w a s  h i g h  due t o  un- 
c e r t a i n t y  i n  t h e  channe l  h e i g h t  and a h i g h  r a t i o  of dynamic p r e s s u r e  t o  p r e s s u r e  d rop .  
The measured hisseit number, &.en modif ied to  accoun t  f o r  d i f f e r e n c e s  i n  f l u i d  p r o p e r t i e s  
between t h e  w a l l  and t h e  c o o l i n g  f l u i d ,  ag reed  w i t h  p a s t  c o r r e l a t i o n s  €or f u l l y  developed 

12? above and 192 below t h e  rnearl flow. 
' t u r b u l e n t  f low i n  channe l s .  Flow n o n u n i f o m i t y  from channel- to-channel  w a s  3s h i g h  as  ' 
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