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ABSTRACT 

e 

i 

Experiments were run to determine heat transfer performance of 
single vertical fluted tubes with selected fluids condensing on the 
outside. 
21, 22, 113, 114, and 115) and a hydrocarbon (Refrigerant 600a or iso- 
butane). 
diameter and 1.2 m (4 ft) in length with from 0 (smooth) to 60 axial 
flutes. Condensing heat transfer coefficients ranged from 620 to 7900 
W/m2*K (110 to 1400 Btu/hr*ft2-'F) over the heat flux range of 2000 to 
43,000 W/m2 (92043,600 Btu/hr*ft2). 
condensing surface area. The data show that, for a given heat flux, a 
fluted tube can increase condensing coefficients up to 6.0 times smooth 
tube values. Further heat transfer enhancement was achieved by the use 
of drainage skirts on fluted tubes; these skirts effectively divided the 
1.2-m (4-ft) tubes into two, four, and eight equal condensing lengths. 

Working fluids included six fluorocarbons (Refrigerants 11, 

The nine test tubes were of 2.54-cm (1-in.) nominal outside 

All parameters are based on total 
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1. INTRODUCTION 

energy alternatives, the case for th d velop- 
ment of the geothermal option will ultimately depend on a cost benefit 
justification. 
atures associated with many geothermal sources impose relative low 
limits on achievable thermodynamic efficiencies when compared to those 
characteristics of conventional power plant conditions. 
efficiencies, in turn, translate into increased heat transfer rates for 
specified output power levels. 

Three basic options are available to accommodate the greater heat 
loads: (1) larger driving temperature difference, (2) larger transfer 
surface area, and (3) larger heat transfer coefficients. The first 
option has a direct negative impact on the (already low) limiting thermo- 
dynamic cycle efficiency - that is, the temperature difference required 
for heat transfer is not available for the power cycle. The second and 
third options could lead to larger and/or more complex heat exchangers. 

An economic optimum would strike a balance between the various 

As regards power production cycles, the moderate temper- 

These lower 

options so as to provide a system in which the combined operating, 
amortized capital, and other costs are minimized. 
here is oriented toward translating certain options relating to one 
important system component into experimentally verified engineering per- 
formance parameters. We have chosen to focus on options associated with 
the condenser of a binary-fluid geothermal power system. 

In the study by Milora and Tester,l a number of comparisons between 
direct flashing and binary fluid power systems for liquid-dominated geo- 
thermal sources are presented. 
of the binary arrangement is the ability to use (as a working fluid) a 
compound specifically tailored to the available source-sink combination. 
For particular examples, the reference shows that thermodynamic I'utiliza- 
tion factors1* for binary fluid cycles may be considerably higher than 
those associated with direct flashing cycles. 

The project described 

A major advantage suggested for the use 

A number of the fluids which appear attractive from the thermodynamic 
cycle standpoint were members of the fluorocarbon family. Unfortunately, 
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these fluids may not be so attractive 
are taken into account. 

Of particular concern are the re 
tivities of the fluorocarbons. Since 
transfer coefficients on the hot side 

when heat transfer considerations 

atively low liquid thermal conduc- 
these low values could affect heat 
(evaporator, superheater, etc.) 

and on the cold side (desuperheater, condenser, etc.), further evaluation 
of the resulting contributions to optimization efforts is in order. 
This report is an interim summary of an experimental and analytical 
investigation of certain options for improving heat transfer performance 
during refrigerant condensation. 

2.  BACKGROUND 

For most practical condensing situations, the major barrier to heat 
transfer is the liquid film which forms on the cooled surface as the 
vapor condenses. As a result, condensation augmentation methods depend 
primarily on reducing the effective thickness of the liquid film. 
hancement possibilities include turbulence and dropwise condensation 
promoters, extended surfaces, and improved drainage schemes. 

by Gregorig2 in 1954. 
densing surface which caused the vapor-liquid interface to take on a 

En- 

Of the final group, one of the most attractive ideas was put forth 
His concept consisted of a ridged or fluted con- 

shape with nonuniform curvature. 
the vapor phase, such an interface can only achieve equilibrium if a 
pressure gradient exists in the liquid film. 
sure gradient is such that liquid is pushed from an area of greater cur- 
vature to an area of lesser curvature. This "surface tension" action 
will result in a thinning of the liquid film on the crest of the flute 
and a thickening of the film in the valley (see Fig. 1 for illustration 
of this principle). 
on the relative sizes of the resulting improvement in crest area heat 
transfer and the resulting degmdation in valley area heat transfer. 

With a uniform pressure impressed on 

The direction of this pres- 

The potential for heat transfer augmentation depends 

Experiments by a number of investigators (including Gregorig, 
Alexander and Hoffman, Carnavos,4 Thomas, 5r6 and Jansen and Owzarski7) 
indicate that relatively large performance improvements can be realized 

U 

n 
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Fig. 1. Fluted tube principle of operation (condensation mode) - 
surface tension forces acting to push condensate from crests into troughs. 
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with water. However, no such evidence is apparent for fluids such as 
those of the fluorocarbon family whose members have characteristic sur- 
face tensions much smaller than that associated with water. 

The potential for improving the heat transfer performance of con- 
densers operating in geothermal binary power cycles and, thus, con- 
tributing an important component to the technical knowledge required t o  

assess the cost-benefit position of geothermal energy within the national 
energy-option framework was the motivation for the project. 
approach to the project was as follows: 

The planned 

1. Design, fabricate, and assemble a test loop to evaluate conden- 
sing heat transfer performance at conditions characteristic of suggested 
geothermal power cycles. 

2. Test existing fluted condenser tubes in the loop to establish 
relative augmentation potentials. 

3 .  Attempt to develop analytical models capable of predicting 
measured condenser tube performance. 

4. Verify the model with data from a wide range of working fluids 
under consideration for geothermal power cycle use. 

5. Consider design and fabrication of custom-made tubes for greater 
performance enhancement. 

This report is limited to areas 1 and 2 listed above. 
progress on areas 3, 4, and 5 and will be reported at a later date. 
similar study was presented by Combs8 in which the effectiveness of 
fluted tubes for ammonia condensation was evaluated. 

Work is in 
A 

3.  DESCRIPTION OF EQUIPMENT 
1 

Equipment used in this investigation is shown schematically in 
Fig. 2. The system was designed for a maximum heat load of 5 kW and 
consists of three circuits - a working fluid loop, a primary cooling 
loop, and a secondary cooling loop. 
primarily for fluorocarbons with the maximum operating pressure and 
temperature set at 225 psig and 150°F. The test section, a single-tube 
vertical condenser, was built to handle tubes of 1-in.-nominal diameter 
and 4-ft length. The system was manually controlled, and the heat load 

The working fluid loop was designed 
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Fig. 2. Schematic diagram of experimental apparatus. 
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was set by the power input to the boiler. 
constructed of stainless steel to minimize compatibility problems. View 
ports on the test section permitted visual observation of the condensing 
surface with the aid of a light at suitable locations. 
the coolant in both the primary and secondary cooling loops. The primary 
coolant removed the heat from the test tube in the test section; and in 
turn, the heat was transferred to the secondary coolant. 

The working fluid loop was 

Water served as 

3.1 General Flow Description 

Flow directions in the system are indicated by arrows in Fig. 2. 

The working fluid was vaporized in the boiler and passed through an en- 
trainment separator before entering the condensing test section. 
vapor entered the top of the test section, and the liquid collected in 
the separator returned to the boiler. 
surface of the test tube in the test section and formed a falling film 
of liquid. 
tion, passed through a condensate measuring station, and returned to the 
bottom of the boiler to complete the closed loop. A pump was not needed 
for the circulation of the working fluid since the liquid head in the 
test section side of the loop furnished the driving force required for 
flow through the condensate measuring station. 

The 

The vapor condensed on the outer 

The liquid condensate exited at the bottom of the test sec- 

In the primary cooling loop, a small centrifugal pump transferred 
demineralized water from a storage tank to the bottom of the test section 
and upward through the test tube. 
by rotameters upstream of the test section and controlled by a hand valve 
located downstream of the test section. 
the water returned to the storage tank to complete the closed loop. 

The primary coolant flow was measured 

From the top of the test section, 

The secondary cooling loop removed the heat load from the system by 
transferring the heat from the primary cooling water to plant process 
water. 
dumped heat to secondary cooling water which passed through a cooling 
coil in the tank and then discharged to the drain. 
secondary coolant was regulated by a hand valve located upstream of the 
cooling coil. 

Primary cooling water recirculating through the storage tank 

The flow rate of the 

L, 
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Figure 3 pictures an overall view of the system, while Fig. 4 shows 
the lower part of the system including the boiler and storage tank. 
Figure 5 gives more detail of the separator and the condensing test sec- 
tion. However, the photographs of the system do not show the insulation 
which was installed prior to operation to minimize heat losses during 
normal operation. 
sections. 

Major components are described separately in succeeding 

3.2 Boiler 

The boiler body (Fig. 4) was fabricated from a 4-ft length of 6-in. 
Schedule 40 stainless steel pipe. 
heated length were strapped to the bottom section of the pipe for electri- 
cal resistance heating. A sight glass (Fig. 4) was connected to the 
boiler to provide liquid level monitoring capability. The top section 
of the boiler was equipped with a baffle made of stainless steel sheet 
metal to aid in reducing liquid entrainment. 
liquid when half-filled for standard operation. 

Eight tubular heaters of 4-ft active 

The boiler held %3 gal of 

3.3  Entrainment Separator 

The separator (Fig. 5 )  was constructed from a lift length of 6-in. 
Separation of entrained liquid from Schedule 40 stainless steel pipe. 

the vapors was accomplished by two stainless steel mesh demistors 
(Otto H. York Company, 6-in. diameter by 6 in. thick) located in the 
body of the separator. 
loop at a 30° angle to the horizontal with liquid exiting at the lowest 
point in the separator and vapor at the highest. 
boiler through a vertical drainage line. 

The separator was mounted in the working fluid 

Liquid returned to the 

3.4 Condensing Test Section 

3.4.1 Shell and heads 
The shell of the test section (Fig. 5 )  was fabricated from 2-in. . 

Schedule 40 stainless steel pipe connected by two 2-in. stainless steel 
tees. Figure 6 is a detailed sketch of the test section including 
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Fig. 3. Test facility. 
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Fig. 5 .  Close-up view o f  t e s t  section and separator. 
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assembly diagram. 
test tube could be viewed at locations near the top and bottom of the 
test tube through the two windows. 
shell by 2-in. 150-lb stainless steel flanges) were fabricated from 

The outside (condensing) surface of the experimental 

Two heads (which were mated to the 

stainless steel bar stock and were designed to facilitate tube installa- 
tion and removal. The top head consisted of two sections, the lower and 
upper sections. The lower section bolted directly to the top flange and 
contained a radial 1-in.-diam hole for the vapor entrance. The upper 
section contained four 1-in.-diam O-ring seals for sealing a 1-in.-OD 
test tube and bolted to the lower section of the top head. 
head consisted of only one section containing three 1-in.-diam O-ring 
seals and a radial 1-in.-diam hole for exit of condensate from the test 
tube. Provision was made in the bottom head to collect separately the 
condensate forming on the inside of the shell, and this condensate was 
returned to the boiler downsteam of the condensate measuring station. 
The total condensing length in the test section was 4 ft. 

The bottom 

3.4.2 Tube installation 

The heads on the test section (Fig. 6 )  were designed t o  seal around 
a smooth 1-in.-OD tube: therefore, experimental test tubes (other than 
smooth 1-in.-OD) were prepared for testing by soldering or welding a 
1-in.-OD sleeve to each end of a 4-ft length of test tube. 
prepared test tube is shown in Fig. 7 to illustrate the sleeve connection. 

For installation, the upper section of the top head was removed and the 
test tube was inserted downward into the test section until the bottom 

One end of a 

sleeve slid through the three O-ring seals in the bottom head. The 
upper section of the top head was then slid over the top sleeve and 
bolted to the lower section to complete the shell-side sealing operation. 
Next, the required connections were made to the primary cooling loop. 

A stainless steel rod of 0.50-in. outside diameter was installed 
through the center of the test section (inside the test tube) in order 
to decrease the hydraulic diameter and increase the velocity for a given 
primary cooling volume flow. 
crease the heat transfer coefficients on the water side; and as a result, 

Both of these variations tended to in- 
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Fig. 7. Sleeve connection for a sample test tube. 
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improved the accuracy of the Wilson-plot technique9 used to interpret 
the experimental data. For example, with a smooth 0.87-in.-ID tube 
(designated Tube A in the following section), insertions of the 0.50- 
in.-OD rod decreased the hydraulic diameter by 57% and increased the 
velocity by 49%. 

3.5 Storage Tank and Pumr, 

The storage tank (Fig. 4) was fabricated from a 55-gal stainless 
steel drum. 
water while also providing the liquid head required for the centrifugal 
pump. The drum was equipped with 100 ft of O.S-in.-OD copper tubing to 
serve as a heat exchanger. 
the copper tubing to remove heat from the primary cooling water. 
small centrifugal pump (Oberdorfer Pump Division, Model No. 700D-UST) 

provided the circulation of the primary cooling water. 
3) was rated at 20 gpm at 77 ft of head and was driven by a 1,1/2-hp 
motor. 
coils was furnished by the line pressure. 

The tank served as a storage vessel for the primary cooling 

Plant process water was circulated through 
A 

The pump (Fig. 

Adequate circulation of the process water through the cooling 

3 .6  Vent and Vacuum Systems 

Ports for venting the shell of the test section were provided at 
the top and bottom of the test section; best results were obtained by 
venting the top. 
loop for evacuating the system. 
loop at several locations to permit evacuation of isolated sections of 
the loop. A liquid nitrogen cold trap was located between the loop and 
the vacuum pump to prevent the working fluid from contaminating the oil 
of the vacuum pump. 

Also, a vacuum pump was connected to the working fluid 
The vacuum pump was connected to the 

3.7 Gaskets and Seals 

In early experiments, neoprene and teflon were used for gaskets and 
seals throughout the working fluid loop and proved very effective in 
the system. However, experiments with Refrigerant 21 (CHC1 F) indicated 2 

7 

ki 
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compatibility problems. 
considerable reactivity to Refrigerant 21. 
served in the valves containing neoprene gaskets, plus inspection of the 
gaskets and O-ring seals made of neoprene in the test section revealed 
deterioration. During the investigation of Refrigerant 21, small par- 
ticles of neoprene were found in the working fluid loop, and a distinct 
coloration was observed in the working fluid. Regular inspection of the 
neoprene O-rings in the heads of the test section confirmed the compati- 
bility problem. The teflon in the loop showed no adverse reaction to 
Refrigerant 21. 

Gaskets and seals made of neoprene displayed 
Leakage problems were ob- 

The neoprene seals and gaskets in the working fluid loop were 
replaced by either teflon or copper wherever possible; however, it was 
not possible to replace the O-rings in the heads of the test section 
because a highly flexible material was required for that application. 
The new materials eliminated the leakage problems, but the neoprene 
O-rings continued to show deterioration with Refrigerant 21. 
inspections and changes of O-rings prevented any leakage in the heads of 
the test section. 

Frequent 

During all of the later testing, the system operated 
with all teflon gaskets and seals except for the neoprene O-rings in the 

heads of the test section. 
between other fluids used in this investigation and the gaskets and 

No compatibility problems were encountered 

seals (neoprene and teflon). 

4. PROCEDURES AND INSTRUMENTATION 

This experimental study was undertaken to evaluate heat transfer 
coefficients for refrigerants condensing on the outside of vertical 
tubes. Heat rates and temperature differences were calculated from 
experimental data taken during steady-state operation (see Appendix A 
for sample calculations). The Wilson-plot techniqueg was used to in- 
terpret overall coefficients of heat transfer so that individual con- 
densing-side coefficients could be evaluated. 
measurements were critical to the evaluation of condenser performance, 
because it was sometimes necessary to measure very small temperature 
differences (~0.2'F) within k0.04'F to obtain reliable heat balances. 

Accurate temperature 
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Also, very small condensate flows (0.03 to 0 . 3  gpm) had to be measured 
accurately for good interpretation of the experimental data. 
ting procedures and instrumentation are described in detail in the 
following sections. 

The opera- 

4.1 Operating Procedures 

4.1.1 Filling 

Before filling operations began, the working fluid loop was evacu- 
ated (72 to 74 cm Hg) by the vacuum pump. Once evacuation was complete, 
the working fluid was introduced at either the top or bottom of the loop 
depending on the ease of operation for a particular fluid. 
cooling water was used to cool the test section, causing the working 
fluid to condense on the test tube and flow to the boiler. The level in 
the boiler was monitored visually by the liquid level indicator. 
the boiler was half filled with liquid, the vessel supplying the working 
fluid was valved off; and the system was ready to operate. 
investigation of a fluid was complete, the loop was drained and then 
evacuated while applying heat to insure removal of all the residual 
fluid. 

The primary 

When 

After the 

4.1.2 Removal of noncondensable gases 
One difficulty encountered in the operation of the system involved 

problems with noncondensable gases (primarily air components). The 
presence of noncondensable gases in the test section imposes an added 
resistance to the transfer of heat by blanketing the cooling surface. 
The working fluid vapor must diffuse through the gas, requiring a decrease 
in vapor partial pressure toward the liquid-vapor interface. 
is to lower the interface saturation temperature below the temperature 
of the main vapor-gas mixture. 
densing film coefficient can result from the presence of noncondensable 
gases (as discussed by McAdamslO and Kernll). 

The effect 

Thus, a significant decrease in con- 

Two techniques were employed to remove noncondensable gases from 
the system. One technique was frequent venting at the top of the test 
section to remove the noncondensable gases (typically lighter than the 

bj 

*- 
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working-fluid) before and during operation; however, through operating 
experience, it was discovered that frequent venting in itself is not 
always effective. 
into the test section by the vapor flow. The second method of removal 
was developed to take advantage of the noncondensable gases collecting 
in the test section. In this procedure, the heat rate to the boiler was 
set near the maximum design value, thus creating a high vapor flow which 
caused most noncondensable gases to be swept into the test section. At 
this point, the boiler was valved off from the condensing test section, 
and a vacuum was pulled on the test section removing all fluids from the 
test section. 
sable gases from the system. 

In some cases, the noncondensable gases were swept 

This technique was very effective in removing nonconden- 

The standard operating procedure included frequent venting and non- 
condensable sweeping. This was particularly necessary when a major 
change (test tube or working fluid) was made or when unusual operating 
problems were encountered. 
in temperature between the vapor at the top and the condensate at the 
bottom of the loop was a good indication of the presence of nonconden- 
densable gases. 

During tests a higher-than-normal difference 

4.1.3 Steady-state operation 

The heat rate to the boiler is controlled by a stack of four Variacs. 
Each Variac regulated the voltage to two tubular heaters, and any combina- 
tion of the four Variacs could be used t o  obtain experimental heat rates. 
After setting the heat rate to the boiler, the primary cooling flow rate 
was set by the valve downstream of the test section. 
of the secondary cooling water was not controlled since it was determined 
by the process plant water conditions. 
cooling water was used to control the temperature of the primary cooling 
water. This, in turn, controlled the vapor temperature in the test sec- 
tion. Temperatures and pressures throughout the system were monitored 
to determine when a steady state was reached; a steady state was assumed 
to exist when there was no significant change in temperatures (kO.1 to 
20.2'F) through the system over a 5- to 10-minute span. 

The inlet temperature 

The flow rate of the secondary 
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Once a steady state was achieved, the experimental data were re- 
corded. 
pressure in both the condenser and boiler, the flow rate and temperature 
of the condensate, the inlet and outlet temperatures and flow rates of 
the primary and secondary coolants, and the voltage and current to each 
pair of heater rods. The experimental data were then used to calculate 
heat transfer rates and temperature differences in the system and to 
check pressure-temperature values against saturation data in the liter- 
ature (see Appendix A for examples). 

The information recorded included the vapor temperature and 

When the data collection for a single operating point was complete, 
the flow rates of the primary and secondary cooling water were adjusted 
until the system reached a new steady state. 
again recorded, and the same procedure was repeated until data were 
collected for three to five primary coolant flow rates at the same 
boiler heat rate. 
ranged from 2.0 to 23.5 gpm. The heat rate to the boiler was then changed, 
and the procedure was repeated at the new heat rate. 

The experimental data were 

In the experiments, the five primary cooling rates 

4.2 Instrumentation 

4.2.1 Voltage and current measurements 

The power input to the boiler was monitored by voltage and current 
measurements for each pair of heaters. 

4.2.2 Preasure measurements 

The pressures in the boiler and the condenser were measured with 
bourdon gauges (Heise Model H-19178). 
equipped with a compound gauge (Ashcroft, Model AMC 4296) for reading 
low pressures and subatmospheric pressures. Alternatively, subatmospheric 
pressures could be measured by means of a mercury manometer.with a com- 
pound gauge (Ashcroft, Model AMC 4296) for reading low pressures and 
subatmospheric pressures. 
be measured by means of a mercury manometer. 

The working fluid loop was also 

Alternatively, subatmospheric pressures could c 

I 
t) 
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1 

4.2.3. Temperature measurements 

In initial experiments (Refrigerant 114), the system was equipped 
with chromel-alumel thermocouples; however, in later investigations, 
quartz thermometers (Hewlett Packard Model 2801A) and thermistors 
(Thermornetrics Part No. S-lO-4-wire) were added to the system at several 
critical loactions. The thermocouples were used with a potentiometer to 
determine temperatures, and the temperatures were continuously recorded 
on two multipoint recorders. 
and vapor of the boiler, in the vapor feed to the test section, in the 
inlet and outlet of both cooling water loops, near the condensate meas- 
uring station, and on each heater. The recorded thermocouple data were 
used in deciding when the system reached a steady state. 

Thermocuples were located in the liquid 

The quartz thermometers and thermistors were added to the system 
for greater accuracy. 
located in the vapor feed to the test section and in the inlet and 
outlet of the primary cooling water. 
was located near the condensate measuring station. 
investigations (after Refrigerant 114), the information from the quartz 
thermometers and/or thermistors were used for data reduction (see 
Appendix A) because of the greater accuracy attributed to these instru- 
ments. 
measuring instruments were checked against each other to increase the 
confidence in temperature measurements. 

Both a quartz thermometer and a thermistor were 

In addition, a quartz thermometer 
In later experimental 

However, the experimental data from the three sets of temperature 

4.2.4 Flow measurements 

The condensate flow in the working fluid loop could be measured by 
two instruments, an integral orifice meter and a turbine flow trans- 
ducer. 
the routing of the flow through either device. 
assembly was used to adapt a pneumatic d/p cell transmitter (Foxoboro 
Model 15A) for the measurment of low flow rates. 
meter was the only device in the system during early experiments (Re- 
frigerants 114 and 21); however, since it was necessary to change orifice 
plates (bores of 0.0595, 0.0810, 0.0995, and 0.159 in.) for various flow 

These two instruments were in parallel, and the piping permitted 
An integral flow orifice 

The integral orifice 
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ranges, a turbine flow transducer (Flow Technology, Model FTM-A15-US) 
equipped with a range extending amplifier (Flow Technology, Model LFA- 
300A) was installed to facilitate operation. 
fier made it possible to cover the full range of interest (0.03 to 0 . 3  

gpm) with only one instrument. In later experiments (after testing 
Refrigerants 114 and Zl), measurements from the turbine flow transducer 
were used in reducing the data with the integral orifice meter used as a 
check. 

The range extending ampli- 

The two values always agreed within a few percent. 
The primary cooling water flow was measured by one of two rotameters 

in parallel upstream of the test section. 
Porter Company, Tube No. 9-35-250/70) was used to measure primary coolant 
flows greater than 15 gpm, and the smaller rotameter (Brooks Rotameter 
Company, Tube No. R-12-M-25-5) was used to measure primary coolant flows 
below 15 gpm. 

The rotameter (Fischer and 

The secondary cooling water flow in the range 0 to 4.0 gpms was 
measured by one of two small rotameters in parallel upstream of the 
cooling coil. 

5. TEST TUBES 

Nine tubes were tested in this investigation. Letter designations 
for identification of the tubes and individual tube characteristics are 
given in Table 1. Four additional tubes designated by D-1 ,  F-1, F-3, 
and F-7 were also tested; these tubes were duplicates of Tubes D and F 
modified by attaching rubber skirts to the outside wall (the integer 
denotes the number of skirts on the tube). The skirts divided the tubes 
into two, four, or eight equal lengths, and aided condensate film drain- 
off from the outside tube surface. 

Enlarged photographs of tube samples are presented in Figs. 8 

through 18. 
the method of attaching them to the outside tube surface. 
of Fig. 13 shows a closed cell sponge rubber skirt, 1/8-in. thick, 
clamped firmly to tube D with a plastic electric tie strap. 
bottom half of Fig. 13, a 1/32-in.-thick neoprene skirt was placed in a 

Figures 17 and 18 illustrate the two types of skirts and 
The top half 

In the 

cs 

z 



21 

LiJ 

I 

A- 

Table 1. Characteristics of tubes 

A 

B 

C 

D 

E 

F 

G 

H 

J " 

External Extcrnal Number of Sumber of 

(cm) (m') flutes flutes 
Material perimeter surfacc area external internal Tube 

designat ion Cross section 

0 Aluminum 8.00 

AI-brass 11.94 

Al-bnss 8.90 

CuNi (90: 10) 8.90 

Aluminum 12.71 

Aluminum 8.26 

Aluminum 9.75 

Aluminum 14.00 

Aluminum 26.61, 8.00b 0.31 IO, 0.0973h 

0.0973 

0.1296 

0.0967 

0.0967 

0.1490 

0.0964 

0.1 143 

0. I522 

12 12 

20 

36 

60 

48 

20 

36 

0 

0 

24 0 

42 34 

36 0 

"A duplicate of luhc A, \ \ i l l1 36 \t.tinlc\\ \!eel hl;ldc\ looscl> ; ! I tadd .  
"h'umerator includes blades; drnominator is base tube only. 



ID = 2.22 cm (0.87 i n . )  

c 1) h 

Fig. 8. Photographs of tube samples - t u b e s  A and B. 

e 
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Fig. 10. Photographs of tube samples - tubes E and F. 

10 
P 
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Fig. 11. Photographs of tube samples - tubes G and H .  
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I D  = 2.22 cm (0.87 in.) 

Fig. 12. Photograph of sample tube -tube J .  

. 
t 
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Fig. 13. Photographs of tube samples with skirts -tubes D and F. 
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slot (1/8-in. wide X 0.004 in. deep) mschjned in tube F. 
smooth tube; tubes E, F, G, and J were outside fluted tubes, and all 
other tubes were doubly fluted. 
which was 90/10 cupro-nickel and tubes B and C, which were aluminum/ 
brass. The flutes for tube J were stainless steel longitudinal blades 
loosely clamped to tube A. 
and J, which had square flutes. 

Tube A was a 

All tubes were aluminum except tube D, 

All tubes had rounded flutes except tubes E 

The external perimeters listed in Table 1 for the fluted tubes are 
extimates which were used to calculate the surface areas fo the fluted 
tubes. 
number of ridges and the measured perimeter of a typical ridge element. 
Tube J was measured in similar manner, but because of the low thermal 

The perimeter of tube E was estimated as the product of the 

conductivity of the attached stainless steel blades, only the base tube 
(same as tube A) perimeter was used for determining the surface area. 
External periirieters for the remaining tubes were estimated as the length 
of thin tape required to fit tightly around the outside surface of the 
tube. 

The external surface areas in Table 1 apply to the tubes after prep- 
aration for testing. 
length; however, the areas of all the other tubes are based on a 46-in. 
effective length. 
stallation clearances on each end of the fluted tubes. 

The area of tubes A and J were based on a 48-in. 

This accounts for the 1-in. adaptor sleeves and in- 

' 

L 
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W 6. WORKING FLUIDS 

3 

P 

A total of seven working fluids in addition to R-717 (anhydrous 
ammonia)8 and R-718 (water) 
tical smooth and fluted tubes at OWL. 

have been tested for condensation on ver- 
Fluids reported in this study 

are : 

Refrigerant 
number 

R-11 
R-21 
R- 22 
R- 113 
R- 114 
R-115 
R-600a 

Chemical 
formula 

CC13F 
CHC12F 
CHC 1 F2 

C2C13F3 
C2C12F4 
C2ClF5 
i-C4H10 

Molecular 
weight 

137.38 
102.93 
86.48 
187.39 
170.94 
154.50 
58.13 

Chemical Compound 

Trichlorofluoromethane 
Dichlorofluoromethane 
Chlorodifluoromethane 
Trichlorotrifluoroethane 
Dichlorotetrafluoroethane 
Chloropentafluoroethane 
I sobutane 

A comparison of fluid properties at 100°F is given in Table 2 .  

frigerants tested were 98+% pure as specified by the manufacturer except 
R-114, which was a technical grade of 95% purity. 
only hydrocarbon tested. 
precautions were required during these tests because of the flamma- 
bility of isobutane. 

All re- 

Isobutane was the 
Minor loop modifications and special safety 



Table 2. Comparison o f  f l u i d  p roper t i es  a t  38'C (100°F) 

----- 
Refr iaerant  number 

6550 

Thermal conduc- W1m.K + 0.0839 0.0974 0.0815 0.0725 0.0613 0.0464 0.1021 0.452 0.628 

Saturat ion pres- Pa + 1.618 x l o 5  2.761 x 10' 1.452 x l o 6  7.226 x l o 4  3.161 x 10' 1.260 x 106 4.967 x l o 5  1.461 x 106 
sure. PSat (ps ia )  -* (23.46) (40.04) (210.6) (10.48) (45.85) (182.73) (72.04) (211.9) (0.950) 

t i v i t y ,  k (Btu/hr -  f t. O F )  -* (0.0485) (0.0563) (0.0471) (0.0419) (0.0354) (0.0268) (0.059) (0.261) (0.363) 

w v iscos i t y .  p Pa-s -* 3.70 x l o 4  2.84 x 1 0 4  1.84 x 10-4 5.70 x 1 0 - ~  2.9 10-4 1.65 10-4 1.45 io-'+ 1.23 10-4 6.53 x l o - "  

Density, p k g w '  -+ 1445 1335 

(0.71) (0.400) (0.35) (0.298) (1.58) 0 (lb,,,lhr-ft) -+ (0.894) (0.686) (0.444) (1.379) 

1141 1534 1416 1217 535 583.1 993.2 
(83.36) (71.23) (95.79) (88.40) (75.96) (33.38) (36.40) (65.80) (lb,/ft3) -* (90.21) 

La ten t  heat  of J /kg .* 1.749 x 10' 2.211 X l o 5  1.693 X l o5  1.498 % l o5  1.230 x 10' 8.315 x l o 4  3.094 x I O 5  1.110 x 10' 2.410 x 10' 

(35.77) (133.1 ) (477.8) (1037) vapor izat ion,  (Btullb,) . p  (75.24) (95.12) (72.04) (64.46) (52.91) 
hf9 

971 1040 1259 2623 4835 4175 Heat capacity. J/kg-K 895 1090 1310 
(0.313) (0.232) (0.249) (0.301) (0.627) (1.158) (0.998) 

Surface tension, N I M  -* 0.0167 0.0163 0.00645 0.0171 0 0105 0 0038 0 00836 0 017? - 0.0699 

(Btu/ lbm-oF)  -> (0.214) (0.260) 
cP 

J ( l b f / f t )  -* (1.14 x (1.12 x (4.42 x (1.17 x (7.26 x (2.62 x l b )  (5.7j X IO-'') (1.20 x 0-') (4.79 x 10- ) 

t c 
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7. ANALYSIS 

7.1 Overall Condensing Coefficients 

The heat transfer rate in the condenser is given by 

Q = U A m  , (7-1) 

where U is the overall heat transfer coefficient, L\T is the mean tem- 
perature difference between the condensing vapor and the primary cooling 
water, and A is surface area of the test tube. The heat transfer rate 
can be computed from either the condensate mass flow rate (ic) or from 
the product of mass flow rate (i ) and temperature rise (ATw) of the 
primary cooling water; thus, 

W 

Q = G  h 
c fg 

and 

where h is the latent heat of the condensing fluid, and c is the 
heat capacity of water. In this analysis, all physical property data 
for test fluids were taken from ASHRAE! handbooks,12-14 where fluids are 

fg PW 
* 

* designated by refrigerant numbers. 
The arithmetic mean difference is used for bT, since in most cases 

the temperature difference between the water inlet and outlet was 
relatively small. Therefore, asumming saturated vapor: 

- 
AT = Tv - (Tw,in + Tw,out ID,  (7-41 

where T 
the average of the inlet water temperature (Tw,in) and the outlet water 
temperature (Tw,out). 

Eq. (7-2) or Eq. (7-3) to calculate Q. Defining an overall coefficient 
(Uo) based on the outside surface area (Ao) and rearranging Eq. (7-1): 

is the vapor temperature and the second term on the right is V 

The overall coefficient can be computed from Eq. (7-1) using either 
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The next step in the analysis is the evaluation of individual condensing- bi 
side coefficients from the overall coefficients. 

7 . 2  Individual Condensing-Side Coefficients 

A technique introduced by Wilson* in 1915 was used as the primary 
method of analysis in this study; this is a graphical method of inter- 
preting overall coefficients of heat transfer in surface condensers such 
that individual condensing-side coefficients can be evaluated. The 
Wilson plot is discussed in Refs. 8 and 9. 
presents the method and describes the application to the experimental 
data in this study. 

The following treatment 

The overall resistance to heat flow (CR = 1/U) in a condenser is 
equal to the sum of the individual resistances; thus, 

where R is the resistance on the vapor (condensing) side, Rwall that 
of the wall, R that on the water side, and Rfo and Rfi account for any 
fouling on the outside and inside surfaces of the tube, respectively. 
Introducing individual average heat transfer coefficients (h), neglect- 
ing any fouling, and correcting for differences in area, the overall 
coefficient based on the outside surface area is represented by: 

V 

W 

A. + - ,  - -  1 1  
+ Rwall 

'0 hm hw Ai 

- -  (7-7) 

where A. is the inside surface area of the tube, h is the mean vapor- 
side heat transfer coefficint based on the outside tube area, and hw is 
the water-side heat transfer coefficient based on the inside tube area. 
For a smooth tube, the wall resistance based on the outside tube area is 
given by : 

1 m 

Rwall = r o Rn (ro/ri)/k , (7-8) 

. *  

where ro and ri are the outside and inside radii of the tube, respectively, 
and k is the thermal conductivity of the tube wall. 

'"r 

"* 
Neglecting the effects of changes in water temperature, the water- 

side resistance (l/h ) can be taken as a function of the water velocity 

kid 
W 



W 

z 

! 
i f  
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(v). For turbulent flow of water, this can be expressed as 

and thus, Eq. (7-7) can be rewritten: 

1 1 -0.8 
- = -  + Rwall + a1 
' 0  hm 

(7-9) 

If, following Wilson, the sum of the first two resistances (l/hv + Rwall) 
is taken as approximately constant, Eq. (7-9) becomes: 

-0.8 - = a  1 + a l v  

uO 

0 
(7-10) 

In this form, a plot of l/Uo vs 1/v0** on ordinary rectangular coordinates 
should give a straight line from which the constants a. 
determined. 
Wilson plot and corresponds to the sum of the first two resistances 
(vapor side plus wall) in Eq. (7-9): 

and a can be 
1 

Thus, the constant a. is given by the y-intercept on the 

(7-11) 

The constant al is the slope of the straight line on the Wilson plot. 
For a smooth tube, Eq. (7-8) can be used to calculate a wall re- 

sistance and hm can be computed from Eq. (7-11). 
tubes, it is very difficult to estimate the contribution of the wall due 
to the more complicated wall geometry and heat distribution. 
for the fluids studied in this investigation, the wall resistance is not 
a significant fraction of the total resistance in the condenser and can 
be neglected with little loss in accuracy, 
ignoring the wall resistance in evaluating the vapor-side coefficient 
was less than 2% for test fluids condensing on tube A (smooth aluminum 
1-in.-OD tube with 0.065-in. wall). A sample calculation is presented 
in Appendix A for isobutane condensing on tube A. Assuming negligible 
wall resistance, 

However, for fluted 

However, 

For example, the effect of 

(7-12) 



34 

which represents the y-intercept on the Wilson plot. 
condensing temperature difference is given by: 

The corresponding 

ATf = - Q , (7-13) 
hm A. 

and represents the temperature difference across the condensing film. 

8 .  DATA DISCUSSION 

Table 3 shows a test matrix for vertical condensation experiments 
reported in this study. 
modified with skirts) were tested; Figs. 14 through 33 present heat 
transfer results from the study. A total of 2464 runs were made to 
provide a total of 550 heat transfer data points. 
were as follows: 

Seven fluids and nine tubes (plus four tubes 

Test paramater ranges 

Condensing temperature 299-345 K (78-161'F) 
Condensing pressure 
Heat load 
Heat flux 

1.1 X lo5 to 1.6 X lo6 Pa (16-226 psia) 
280-4100 W (960--14,000 Btu/hr) 
200043,000 W/m2 (920--13,600 Btu/hr-ft2) 

The resulting condensing heat transfer coefficients (h,) ranged from 
620 to 7900 W/m2*K (110 to 1400 Btu/hr*ft2ooF) ; condensing temperature 
differences (AT ) ranged from 0.7 to 39 K (13 to 70°F). Both the heat 
flux (Q/A) and the mean condensing heat transfer coefficient (h,) were 
based on total outside tube surface area (see Table 1, p. 21). 

f 

Samples of data reduction and Wilson plots are presented in Appen- 
dix A. Wilson-plot results are tabulated in Appendix B, and raw experi- 
mental data are listed in Appendix C including overall heat transfer co- 
efficients and heat balance checks for the condenser test section. 
Equipment, operating procedures, and analysis were as described in other 
sections of this report. 

Tube A (smooth aluminum) data are presented in Fig. 14 in nondimen- 
sional form. The ordinate is the standard nondimensional heat transfer 
coefficient (average or mean): 

L4 
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Table 3. Test matrix for condensation experiments 

Refrigerant Tubea 
A B C D D-1 E F F-1 F-3 F-7 G H J number 

11 CC13F 

21 

22 

CHC12F 

CHClF2 

113 ~ C2C13F3 

114 C2C12F4 

115 C2ClF5 

600a C4*10 

b b b b  c b c  C C C c c c  

b 

b b b 

c c c c  c c  C C C 

d b b b  b 

c c c  C C C c c  C C C 

C c c  C 

For tube characteristics, see Table 1. a 

bTests completed in FY 1976. 
'Tests completed in FY 1977. 
dTests completed in FY 1975. 

w cn 
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Fig. 14. Vertical smooth-tube condensation data for refrigerants - 
standard nondimensional coordinates. 
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m h 
1/3 ' H =  

(k3p2g/v2) 

The abscissa is the liquid film Reynolds number: 

where r is the condensate mass flow rate at the bottom of the tube per 
unit length of periphery. All fluid properties (k, p ,  v) were evaluated 
at the equivalent film temperature; the method for evaluating the equiva- 
lent film temperature is illustrated in Appendix A. 

The data for the seven fluids are seen to group in a rather tight 
band on the coordinates of Fig. 14 and span the Reynolds number range 
of 450 to 4500. 
dicted by the Nusslet15 laminar film analysis, but in the region of the 
McAdams15 and Kirkbride16 relations. 
give improved agreement for Reynolds numbers below 2000. 
data are well within the scatter bands of similar plots by other investi- 
gators for a selection of fluids (see, for example, Ref. 18). Such a 

comparison gives some measure of the confidence factor characteristic of 
the present data. 

The positioii of the data band is somewhat above that pre- 

A correlation by Zazuli17 seems to 
The present 

Condensation data are presented in two dimensional forms in this 
section. 
flux (Figs. 15 through 2 2 ) ,  is useful for describing experimental heat 
transfer ranges. 
total outside tube surface area, results are helpful in determining whether 
the observed augmentation is merely an area effect. The second dimensional 
form, heat load vs condensing temperature difference (Fig. 23 through 3 3 ) ,  

is useful for particular design considerations, since "creditvv is allowed 
for the increased surface area of fluted tubes. Selected results which are 
representative of all the condensation data are discussed below. 

One dimensional presentation, heat transfer coefficient vs heat 

Also, since both the ordinate and abscissa are based on 

i 

c, 
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E 

W 

Figures ld and 16 present data idr R-11 condensing on all of the 
test tubes on a heat transfer coefficient-heat flux basis. Heat transfer 
coefficients for smooth tube A vary little with heat flux in this test 
range. In contrast, coefficients for the fluted tubes are considerably 
higher than those for tube A and drop sharply as heat flux increases. 
ratio of fluted tube coefficient to smooth tube coefficient at a given 
heat flux provides a means of comparing fluted tube performances for a 
given fluid. Ratios of up to 6.0 were achieved with the fluted tubes in 
the experiments. For example, this is shown in Fig. 18 for condensation 
of R-113 at a heat flux of 7600 W/m2 (2400 Btu/hr*ft2]; the coefficients 
for tubes F (48 flutes) and A are 4400 W/m2*K (780 Btu/hr*ft2aoF) and 
740 W/m2*K (130 Btu/hr.ft2*'F), respectively, or a ratio of 6.0. 
the highest ratio obtained in the study for a fluted tube with no skirts. 

Even greater enhancements are possible using skirts on fluted tubes. 
Figure 18 (R-113) shows that, at a heat flux of 7600 W/m2 (2400 Btu/hr*ft2), 
the coefficient for tube F-7 (tube F with seven skirts) is 5300 W/m2*K 
(940 Btu/hr*ft2ooF) compared to 740 W/m2*K (130 Btu/hr*ft2*OF) for tube A, 
thus, providing an enhancement ratio of 7.2. This represents the maximum 
enhancement ratio achieved for any test tube on the heat transfer co- 
efficient-heat flux basis. Also, coefficients for fluted tubes with skirts 
may be compared to those for nonskirted fluted tubes at a given heat flux. 
In Fig. 18 at a heat flux of 7600 W/m2 (same as above), coefficients for 
tube F-7 compared to  tube F with no s k i r t s  result i n  an enhancement ratio 

of 1.2. 
where condensate flow rates were larger and flooding more pronounced. 
example, in Fig. 22 for R-600a condensing at a heat flux of 25,000 W/m2 
(7800 Btu/hr*ft2), the ratio of the coefficients for tube F-7 to tube F 
is 2.0, 

A 

This was 

Higher ratios (up to 2.0) were achieved at higher heat fluxes 
For 

In general, the highest condensing coefficients were obtained for 
skirted tubes F-7, F-3, and F-1, followed by nonskirted tubes E ,  F, D, 
H, G, C, B, and J ,  in that order, as shown in Figs. 15 and 16. Con- 
clusions from Figs. 15 through 22 include the following: 

1.  The fluted test tubes can increase condensing heat transfer co- 

efficients up to 6.0 times smooth tube values at a given heat flux. 
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2. Such augmentation cannot be accounted for by the increased area 

of the fluted tubes. 
3. Even further enhancement is possible with the use of drainage 

skirts on fluted tubes. 
values can be achieved on a fluted tube with skirts at a given heat 
flux. 
up to 2.0 times the corresponding values for fluted tubes with no skirts. 

Coefficients of up to 7.2 times smooth tube 

Also, coefficients for fluted tubes with skirts can be increased 

4. The magnitude of the augmentation varies greaty with both the 
type of fluted tube and its heat flux. 

In Figs. 23 through 33, the condensation data are plotted in heat 
load versus condensing temperature difference form. In this form, the 
relative performance positions of tubes B, E, and H improve considerably 
because their total surface areas are so much greater than those of the 
other test tubes (see Table 1, p. 21). This is illustrated, for example, 
by comparing the relative positions of R-113 data for tubes E and F-7 in 
Figs. 18 and 27. The data for tube E fall below that of tube F-7 in Fig. 
18 on the heat transfer coefficient-heat flux basis, but in Fig. 27 
(heat load-condensing Temperature difference basis), the performance 
rank order is switched with tube E data above that of tube F-7. 

For a given condensing temperature difference, fluted tubes can 
accomodate heat loads up to 5.4 times smooth tube values. 
in Fig. 25 for condensation of R-22. At a condensing temperature dif- 
ference of 2.9 K (5.3'F), tube E can accommodate a heat load of 1900 W 
(7000 Btu/hr) while tube A can handle only 350 W (1300 Btu/hr), thus 
giving a heat load ratio of 5.4. 
tube A requires condensing temperature differences up to 10 times the 
fluted tube values. This is also illustrated in Fig. 25. For a heat load 
of 760 W (2800 Btu/hr), the condensing temperature difference required is 
6.1 K (11.0'F) for tube A and 0.6 K (1.1'F) for tube E, thus, an enhance- 
ment ratio of 10. A similar analysis for the efficiency of skirts may be 
made for tubes F-7, F-3, and F-1 versus plain tube F. 
the greatest performance improvements over tube F were achieved with tube 

F-7 at high heat loads and high condensing temperature differences. 
enhancement was dependent on the efficiency of condensate removal from 

This is shown 

Alternatively, for a given heat load, 

As shown in Fig. 27, 

The 

Y 



59 

w 
1 
l 

e 

4 

$ 
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the outside tube surface, especially at high heat loads where flooding 
is more pronounced. 

i 

Tube A data for all seven test fluids are shown in Fig. 32 on heat 
load versus condensing temperature difference coordinates. 
plot, one can judge that R-21 and R-22 are the best performing fluids - 
followed by R-11 and R-600a -when evaluated on this basis. 
condensing temperature difference, the maximum heat load ratio achieved 
with tube A was 1.5 to 1.7 for R-21 and R-22 as compared to R-113 (the 
worst test fluid). Conversely, for a given heat load, the maximum con- 
densing temperature difference ratio (R-113 to R-11 and R-22) was also 
1.5 to 1.7 for tube A. 

From this 

For a given 

Data for all fluids tested with tube E are presented in Fig. 33 on 
In this heat load versus condensing temperature difference coordinates. 

plot it can be seen that R-22 is the best fluid at low heat loads with 
R-11 taking over at high heat loads; R-600a is also a good performer - 
all showing clear superiority to R-115. 
due to its low heat of vaporization which promotes flooding of the 
flutes. For a given condensing temperature difference, the maximum heat 
load ratios achieved with tube E were 1.7 to 2.3 for R-11 and R-22 as 
compared to R-115. For a given heat load, however, the corresponding 
condensing temperature difference ratios (R-115 t o  R-11 and R-22) were 
2.9 to 3.7 for tube E. This type of analysis can be used to evaluate 
the effect of fluid choice on the heat transfer performance of any of 
the enhanced tubes. 
was the best tube on a heat load-condensing temperature difference basis. 

Fluid R-115 is the worst fluid 

Tube E data were presented as an example because it 

Conclusions from Figs. 23 through 33 include the following: 
1. The fluted tubes can increase heat load capability to 6.0 times 

smooth tube values for a given fluid and condensing temperature difference. 
2. For a given fluid and heat load, a smooth tube may require con- 

densing temperature differences up to 10 times fluted tube values. 
3. The best fluids tested can increase heat load capacity t o  1.7 

times fluid values for a given tube (smooth or fluted) and con- 
densing temperature difference. 
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4. For a smooth tube with a given heat load, the worst fluid 
tested may require condensing temperature differences up to 1.7 times 
the best fluids . 

5. For a given fluted tube and heat load, the worst fluid tested 
may require condensing temperature differences up to 3.7 times the best 
fluids . 

It is apparent from the preceding that, within the range of the 
experiments, heat transfer performance (as judged on the heat load- 
condensing temperature difference) is more sensitive to tube choice than 
to fluid choice. To illustrate combined tube and fluid effects, consider 
specified condenser situations where it is required to accommodate a heat 
load of 810 W (2800 Btu/hr) using tubes and fluids in the present range 
of experiments. 
quire a condensing temperature difference of approximately LO K (18OF) 
to accommodate the given load while tube E operating with R-22 would re- 
quire only about 0.70 K (1.3OF) for the same duty - giving an "augmenta- 
tion factorf1 of 14. 

The data show that tube A operating with R-113 would re- 

By the same token, for a specified condensing temperature difference 
of 4.2 K (7.S°F), tube E operating with R-22 could accommodate a heat load 
of approximatley 2400 W (8200 Btu/hr) while tube A operating with R-115 
could handle only about 360 W (1200 Btu/hr) - giving an flaugmentation 
factort1 of 6.8. 
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SUMMARY 

This study was undertaken to evaluate the performance efficacy of 
fluted tubes for augmenting condensation heat transfer with selected 
fluids. Thus, extensive experimental data for various tube and fluid 
combinations are presented in this report; heat transfer results are 
presented in forms useful for both heat exchanger design and analytical 
modeling. The fluted tubes were found effective in enhancing condensing 
film coefficients (increases of up to 6.0 over conventional smooth 
tubes). 
tube geometries, and heat flux. Even larger enhancements (up to 7.2) 
were achieved by the use of drainage skirts attached to the outside sur- 
face of the tubes. These skirts were effective in removing condensate 
from the tube surface, and therefore reduced flooding of the flutes. 

The magnitude of the enhancement varied with fluid properties, 

The higher condensing coefficients are significant to heat exchanger 
design since the condensing film resistance is the dominant resistance 
in a heat exchanger utilizing a fluorocarbon (or isobutane) and conven- 
tional smooth tubes. A typical water-side coefficient in a condenser 
for a geothermal application is 5700 W/ii12*K (1000 Btu/hr*ft2*OF). 
densing film coefficients that closely match or even exceed the water- 
side coefficient can be achieved with fluted tubes (as shown in this 
study). 
to accommodate a given load, thus, lower cost heat exchangers. 

In a heat exchanger design for practical applications (for example, 

Con- 
* 

The overall effect is that less heat transfer area is required 

geothermal), tube lengths will probably be longer than 1.2 m (4 ft) as 
tested in this study; and flooding of the fluted surfaces will be a 
greater problem. The severity of the flooding depends on the fluid and 
the heat flux for a given tube and length - flooding is more pronounced 
at higher heat fluxes. 
weights and lower heats of vaporization offer greater potential for 
flooding as compared to fluids like water and ammonia. However, drain- 
age skirts can be used to minimize the flooding problem for longer tube 
by dividing the tube into shorter condensing lengths. 
equally spaced skirts can divide a 4.8-m (16-ft) tube into four 1.2-m 
(4-ft) condensing lengths, and the coefficients for the 1.2-m tubes 

The fluorocarbons with their higher molecular 

* 

For example, three 
F 

ce-) 
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could be safely used for design of a heat exchanger. 
tube length, heat flux, and the use of skirts should be considered in 
the design of a heat exchanger using the present data. 

In conclusion, the experimental data reported in this study will 
aid in the design of condensers and in the development of models and 
correlations for condensation on fluted tubes. Also, the experimental 
apparatus and techniques developed for this study should be useful for 
future condensation experiments. 

Tradeoffs between 

1 

i 
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APPENDIX A 

SAMPLES OF DATA REDUCTION 

Physical Properties for Working Fluids 

All property data for working fluids used in data reduction were 
taken from ASHRAE handbooks.12:14 
given in Table 2, p. 30, in a previous section of this report. 
accuracy of thermophysical properties is discussed in Ref. 13. 

A comparison of fluid properties was 
The 

Fluted Tube 

A sample of the experimental data required for computing the heat 
transfer rates and coeffcients in the condenser is listed in Table A-1. 
The data are for isobutane (R-600a) condensing on tube F (48 external 
corrugations). 
the procedure followed in reducing the data for an individual run, and 

Experimental run R-600A-013F will be used to demonstrate 

the series of runs R-600A-013F through R-600A-016F is used to demonstrate 
the Wilson plot. 

For saturated vapor, the experimental pressure (P) of the vapor 
) of isobutane at the should agree with the saturation pressure (P 

experimental vapor temperature (T ) .  The saturation pressure in ASHRAE 
for a temperature of 97.9'F is 69.8 psia, which agrees within the experi- 
mental accuracy of the instruments to the measured pressure (P) of 70.7 

sat 
V 

psia for run R-600A-013F. 
appreciable amounts of noncondensables in the condenser during operation. 

This agreement also indicates the absence of 

The heat transfer rate in the condenser can be computed both Trom 
condensate flow rate (Fc) and from the flow rate (Fw) and the temperature 
rise (ATw) of the cooling water. To calculate the heat transfer from the 
condensate flow rate requires the latent heat (h 
vapor temperature (TV) and the density of liquid isobutane (p,) at the 
temperature of the condensate (T ) at the measuring station. 

) of isobutane at the 
fg 

C 



Table A-1. Sample o f  experimental data - isobutane condensing on tube F 

Vapor feed t o  t e s t  sec t ion  Condensate - Primary cool i n s  water through t e s t  sec t ion  
Run No. Temperature Pressure Flow r a t e  Temperature Flow r a t e  I n l e t  temp. Ou t le t  temp. Temp. d i f . a  

T,, O F  P, psis FCy gpm Tc, OF Fw’ gpm Tw,in’ O F  TW,OUt’ O F  ATw, O F  

R-600A-013F 97.92 70.7 0.1333 96.35 23.0 87.48 87.93 0.41 

R-600A-014F 99.67 72.7 0.1306 97.78 7.6 87.24 88.48 1.25 

R-600A-015F 100.70 73.7 0.1292 98.68 5.2 86.94 88.73 1.79 

R-600A-016F 103.22 76.7 0.1279 100.52 3.0 86.53 89.53 3.00 

aCorrected f o r  temperature o f f s e t  of instruments and pressure drop e f fec ts .  

c 
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For 
TC = 96.3'F 3 pc = 33.5 lbm/ft3 , 

= 97.9'F 3 h = 133.8 Btu/lbm . 
TV fg 

The heat transfer rate can be calculated from Eq. (7-2) with the conden- 
sate mass flow rate given by 

d 

m = Fc P, , c 
so that 

= (0.133 gpm) (33.5 lbm/ft3) (133.8 Btu/lbm) (0.1337 ft3/gal) (60 min/hr) 

= 4798 Btu/hr . (A-2) 

The heat transfer rate also can be computed from the primary cooling 
water and is given by Eq. (7-3) where 

0 

m = F  p w w w  (A-3) 

and, therefore, 
Q w = F  p c (A-4) w w pw ATw ' 

where c 
water respectively. 
ture of the primary cooling water. 
change in temperature is so small that the variation in properties is 
insignificant. 
density (p,) of 62.2 lbm/ft3 and a heat capacity (c PW ) of 1.0 Btu/lbmooF, 
with the information for run R-600A-O13F, 

and pw are the heat capacity and density of the primary cooling 
PW 

These values are calculated at the average tempera- 
In this particular example, the 

The properties for water in this range (~87'F) is a 

R = (23 gpm) (62.2 lbm/ft3) (Btu/l.O 1bm-'F) (0.411'F) (0.1337 ft3/gal) 

(60 min/hr) = 4708 Btu/hr . 
The percent difference between the two heat loads is given by: 

(AQ/Q) X 100 = (Qw - Qc)/Qc X 100 (A-5) 

= (4798 - 4708)/4798 X 100 

= 1.9 . 
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The heat balance obtained by the two different methods thus agreed 
within acceptable limits. 

The overall condensing coefficient can be computed from E q .  (7-5) 
with either Qc or Qw. 
flow (Q,) is considered to be the more accurate of the two, it is used 
in the calculation. 

However, since the heat rate from the condensate 

The mean temperature difference (hT) is given by 
Eq.  (7-4): 

and for run R-600A-O13F, 
- AT = 97.9 - (87.9 + 87.5)/2 = 10.Z°F . 

The outside surface area (Ao) of tube F is listed in Table 1, p. 21. 
Applying E q .  (7-5) and using the data for run R600A-O13F, 

= 452 - Q =  4798 Btu/hr 
A. E (1.04 ft2)(10.Z0F) "0 - 

The same calculations illustrated for 
out for the other three runs in Table A-1. 
tions for all four runs are shown in Table 
be averaged to obtain a mean heat load for 

Btu/hr. ft2- OF . (7-51 

= 4650 Btu/hr , Qc, avg 
%,avg = 4637 Btu/'- 

run R-600A-013F can be carried 
The results of the calcula- 
A-2. The four heat rates can 
the series of runs so that 

Water velocities (v) are calculated 
(Fw) and the cross-sectional area of the 

v = Fw/Ac 

and Ac is given by 

111 . 

from the volume flows of water 
annulus (Ac) : 

(A-61 

(A-7) 

Where Di is the inside diameter of the test tube and Dr is the outside 
diameter of the solid rod inserted through the test tube (Dr = 0.5 in.). 
From Table 1 (p. 21) for tube F, Di = 0.90 in. so that 

L, 

n 

d, 



(I t c 1) c 

Table A-2. Sample informat ion fo r  the Wilson p l o t  - isobutane condensing on tube F 

------_I____ - - 
Condenser mean Primary coo l i ng  Overa l l  Condenser heat load 

temp. d i f f . ,  water ve loc i t y ,  ( 1  /v)Oe8 c o e f f i c i e n t ,  u,, 1 /uo a Run No. Qc, Qw,b (AQ/Q) x 100 - 
Btu/hr  B tu /h r  AT, "F v, f t / s e c  Btu/hr*ft2.OF ----- 

R-600A-013F 4798 4708 -1.9 10.22 16.8 1.05 x 10-1 452 2.21 

R-600A-014F 4673 4716 0.9 11.81 5.5 2.56 x 10-1 38 1 2.62  IO-^ 
R-600A-015F 4606 4639 0.7 12.87 3.8 3.44 x 10-1 345 2.90 0 

R-600A-016F 4521 4483 -0.9 2.2 5.32 x l o - '  287 3/48 i o m 3  
a 

15.19 - 
aCalculated from condensate f l o w  o f  isobutane. 

bCalculated from temperature r i s e  and f l o w  o f  the  pr imary coo l i ng  water. 
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Ld 
IT = - [(0.90/12 ft)2 - (0.50/12 ft)2] = 0.00305 ft2 
4 AC 

and from run R-600A-O13F, 

v = (23 gpm) (0.1337 ft2/gal) (1/60 min/sec)/0.00305 ft2 = 16.8 ft/sec. 

To generate the Wilson plot, it is necessary to take the reciprocal 
of the overall coefficient and to raise the water velocity to the negative 
0.8 power. These values are shown in Table A-2 and were used to construct 
the Wilson plot shown in Fig. A-1. 
were fitted by a least-squares method of the first order to determine the 
best linear fit to satisfy the following relationship: 

The data points shown in Fig. A-1 

, (7- 10) 
-0.8 l/Uo = a. + a1 v 

where a1 is the slope of the straight line and a. is the y-intercept. 
this particular run series, 

For 

a 

a1 = 3.83 x (slope). 

= 1.89 x 10-3 (y-intercept) 
0 

As indicated in Fig. A-1, the data show good linearity and allow extra- 
polation to infinite water velocity (zero water-side resistance) with some 
confidence. 
efficient of the condensing film and tube wall. The tube wall resistance 
is insignificant (maximum of 10%) to the total overall resistance, so the 
intercept can be considered the condensing film coefficient. 
series of runs R-600A-013F through R-600A-O16F, the film coefficient is 
530 Btu/hr*ft2*'F. 
ference is given by Eq. (7-13): 

The reciprocal (l/ao) gives the composite heat transfer co- 

For the 

The corresponding condensing film temperature dif- 

c 

4650 Btu/hr 
= 8.5'F . (7-13) Q 

(530 Btu/hr*ft2*OF) (1.04 ft2) ATf = - = 
hm A. 

Smooth Tube 

A Wilson plot for the series of runs R-600A-021A through R-600A-024A 
is shown in Fig. A-2. The data are for isobutane condensing on tube A 
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c 

c 

(smooth aluminum tube). The y-intercept on the Wilson plot (a ) is 
162 Btu/hr*ft2*'F, and the corresponding temperature difference (ATf = 

43.9'F) can be calculated from Eq. (7-13). The individual condensing- 
side coefficient can be computed by solving for h 

0 

in Eq. (7-11): m 

where Rwall is given by Eq. (7-8) for tube A: 

= r Rn (ro/ri)/k . Rwall o 

The variables for tube A are 

r = 0.500 in. , 
r = 0.435 in. , 
k = 99 Btu/hr*ft*'F , 

0 

i 

so that 

= [(0.500 in.)(l ft/12 in.)] Rn (0.50/0.435)/(99 Btu/hr*ft*'F) 

= 5.9 x (Btu/hr*ft2-oF)'1 . 
RW 

From Fig. A-2, the y-intercept (ao) is equal to 6.2 x and from 
Eq. (A-8) 

= 164 Btu/hr*ft2*'F . 1 
6 . 2  x 10-3 - 5.9 x 10-5 

- 
hm - 

Nondimensional Quantities 

The vapor-side heat transfer coefficient (h ) is usually considered V 
equal to the condensing film coefficient since the dominant resistance 
lies in the condensate film. Therefore, the condensing film heat transfer 
coefficient can be put into the standard nondimensional form given by 
Eq. (8-1): 

H = h m /(k3 p2 g/p2)1/3 , (8-1) 

where all fluid properties are evaluated at the equivalent film tempera- 
ture (Tf) as pointed out by McAdams where 
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Ld 
Tf = Tv - 3/4 (Tv - Twall) (A-9) 

is the outside wall temperature. The temperature of the vapor and Twall 
for the purpose of evaluating film temperatures was chosen as the lowest 
vapor temperature 'for the series of runs for a given Wilson plot. 
runs R-600A-021A through R-600A-O28A, the vapor temperature was taken as 
121'F (see Appendix B) for evaluation of the nondimensional coefficient. 
The temperature difference across the condensing film (ATf) is given by 

Twall 

For 

= Q/hvAo (A-10) ATf = Tv - 

for runs R-600A-021A through R-600A-024AJ 

= 44'F 7460 Btu/hr) ATf = (Tv - 
Twall) = (162 Btu:hr-ft2-'F) (1.05 ft2) 

so that 
= 121°F - (3/4)(44'F) = 88'F . 

Evaluating the fluid properties at the film temperature of 88'F, 
Tf 

k = 0.060 Btu/hr-ft-OF 
p = 33.9 lbm/ft3 
p = 0.368 lbm/hr*ft 

and 
g = 4.7 x lo8 ft/hr2 

so that for hm = 162 Btu/hr-ft2='F, 

H = 162/[(0.060)3(33.9)2(4.17 x 108)/(0.368)2] 1/3 = 0.18 . 
The liquid film Reynolds number is given by Eq. (8-2): 

where I' is the mass flow of condensate per unit length of perimeter on 
the tube. The mass flow per unit perimeter can be computed from the 
heat load, latent heat of isobutane, and the perimeter of the tube: 

r -  -A, (A- 11) 
hfg pt 

where Pt is the perimeter of the tube (see Table 1, p. 21). 
heat of isobutane is evaluated at the same vapor temperature as discussed 

The latent 

r. 

c, 
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for Eq. (A-9). For the series of runs R-600A-021A through R-600A-O24A, 

r =  (7460 Btu/hr) = 208.1 lbm/hr-ft , 
(137 Btu/lbm) (3.14 in.) (1 ft/12 in.) 

so that 
(4) (208.1 lbm/hr*ft) 

= 2262 . 4r 
P (0.368 lbm/hr-ft) 

R e = - =  

The nondimensional heat transfer coefficients and liquid film Reynolds 
numbers were used to construct Fig. 14 (p. 36). 

The nondimensional quantities (H and Re) were not found to be very 
sensitive to the temperature at which the properties were evaluated; 
therefore, the variation in vapor temperatures during a series of runs 
did not appear to have a significant effect on heat transfer results. 
For tube A, the vapor temperature variation ranged from 5-68'F for a 
given series of runs (a set heat load). 
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APPENDIX B 

WILSON-PLOT RESULTS 

i c  

Tables B-1 through B-46 summarize the experimental conditions for 
all series of runs used to construct Wilson plots. 
the Wilson plots are also listed. 
the average heat load based on the condensate flow (Q 
of runs (see Appendix A for an example). 
in detail in Appendix C. 

The results from 
The condenser heat load was taken as 

) for a series 
Individual runs are documented 

c 9 avg 

c 



Table 6-1 . Sumary of experimental conditions and results from Wilson plots 
for ~ - 1 1  condensing on vertical tube A 

Series o f  runs 
Condenser heat load - Condensing Condensing heat 

‘x Diff. Vapor temperature temp. diff. transfer coefficient 
QC Qw 

O F  W/m2.K Btu/hr.ft*.OF K OF K W Btu/hr W Btu/hr 

8-11-03711 TO R-l l -040A 1271. ( 4336.)  1286. ( 4388. )  - 1 . 2  315.9 (108 .9)  14 .1  (25.4)  9 2 3 . 3  ( 162.8)  

R- l l -041A TO R-ll-044A 774. ( 2642.)  797.  ( 2722.)  - 3 . 0  3 1 0 . 0  ( 9 8 . 4 )  8 . 1  (14 .6)  9 8 1 . 8  ( 173.2)  

R-11-O45A TO R-ll-048A 926. ( 3161. )  947. ( 3231.) - 2 . 2  311.7 (101 .3)  10 .0  (17.9)  9 5 5 . 1  ( 168.4)  

11-11-049A TO R-11-052A 1638. ( 5589. )  1644. ( 5611.)  -0.4 319.4 (115 .3)  1 8 . 5  (33.3)  909.5 ( 160.4) 

R-l l -053A TO R-ll-056A 1874. ( 6394. )  1892. ( 6457. )  - 1 . 0  322.5 (120 .9)  2 1 . 6  (38.8)  8 9 1 . 9  ( 157.3) 

8-11-0571 TO R-11-06OA 2219. ( 7572. )  2200. ( 7507. )  0 . 9  325 .5  (126.2)  2 5 . 2  (45.3) 9 0 5 . 6  ( 159.7)  

8-11-061A TO 8-1 1-06UA 1112. ( 3795.)  1145. ( 3908.) - 3 . 0  3 1 3 . 5  (104 .6)  12 .2  (22.0)  9 3 5 . 2  ( 164.9)  

R-l l -065A TO R-11-068A 2066. ( 7051. )  2063. ( 7040. )  0 . 2  322.3 (120.4)  23.8 (42.9)  889 .6  ( 156.9)  

If-11-069A TO It-11-072A 1495. ( 5101.)  1531. ( 5226.) -2.4 316.5 (109.9)  16.9 (30.5) 906.6 ( 159.9)  

R-11-073A TO R-11-076A 2402. ( 8197. )  2425.  ( 8276. )  -1 .0  323 .2  (122.2)  2 7 . 4  (49.4)  8 9 9 . 3  ( 158.6)  

8-11-077A TO R-11-080A 583. I 1989. )  605.  I 2064.)  - 3 . 8  307 .9  I 9 4 . 5 )  6 . 2  (11.2)  9 5 8 . 6  ( 169.1) 

c ‘ .  z 

I 
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Table 8-2 . Sumnary o f  experimental conditions and resu l ts  from Wilscln plots 
f o r  R-11 condensing on ver t ica l  tube B 

Serfes o f  runs 

Condenser heat load Condensing Condensing heat 
'I. D,ff. Vapor temperature temp. d l f f .  t ransfer  coef f ic ient  Q, Qw - 

W Btu/hr W Btu/hr K OF K OF W/m2.K Btu/hr.ft2*"F 

E-1 1-0058 

R - l l - 0 0 9 B  

R- 11-0 138 

8-11-0 178 

8-11-0218 

R-11-0 258 

8-11-0298 

E-11-0 338 

R-11-0 378 

8-1 1-0 4 18 

8- 11-0 958 

R- 11-0 498 

8- 11-0 538 

R-11-0578 

R- 11-0 611) 

TO E-11-0088 1590. ( 5428.) 1600. ( 5460.) -0.6 304.4 ( 88.3) 6.1 (11.1) 1855.1 ( 327.2) 

TO 8-11-0128 806. ( 2752.) 832. ( 2839.) -3.1 304.0 ( 87.6) 2.9 ( 5.2) 2001.1 ( 35219) 

TO R-11-0168 2230. ( 7613.) 2247. ( 7670.) -0.8 308.2 ( 95.1) 9.6 (17.2) 1668.0 ( 294.2) 

TO 8-11-O2OB 2695. ( 9197.) 2712. ( 9257.) -0.7 310.1 ( 98.4) 12.3 (22.2) 1566.9 ( 276.3) 

TO R-11-024% 1925. ( 6569.) 1932. ( 6595.) -0.4 306.1 ( 91.3) 7.9 (14.3) 1741.1 ( 307.1) 

TO R-11-028B 3023. (10317.) 3028. (10334.) -0.2 310.7 ( 99.6) 14.4 (25.9) 1507.0 ( 265.8) 

TO R-11-0328 1283. ( 4 3 7 8 )  1284. ( 4382.) -0.1 305.5 ( 90.1) 4.7 ( 8.5)  1948.3 ( 343.6) 

TO 8-11-036% 1008. 

TO R-11-040% 3229. 

TO R-11-044B 3651. 

TO E-11-048B 1 159, 

3575.) 1073. ( 

11019.) 3222. ( 

12460.) 3620. ( 

3955.) 1167. ( 

3662. 

0997. 

2 356. 

3983. 

-2.4 304.7 ( 88.7) 3 .7  ( 6.7) 2010.9 

0.2 311.4 (100.9) 15.4 (27.8) 1497.8 

0.8 315.7 (108.5) 18.9 (34.1) 1380.7 

-0.7 306.0 ( 91.1) 4.1 ( 7.4) 2020.7 

354.7) 

264.2) 

243.5) 

356.4) 

TO 8-11-0528 936. ( 3196.) 958. ( 3270.) -2.3 305.7 ( 90.5) 3.3 ( 5.9) 2047.3 ( 361.1) 

TO 8-11-0568 1421. [ 4851.) 1415. ( 4830.) 0 .4  304.6 ( 88.7) 5 . 4  ( 9.7) 1879.6 ( 331.5) 

TO 8-11-6608 2492. ( 8504.) 2483. ( 8474.) 0 .4  309.7 ( 97.8) 11.0 (19.8) 1620.2 ( 285.7) 

TO R-11-0608 3476. (11864.) 3462. (11816.) 0 . 4  313.8 (105.3) 17.2 (30.9) 1449.1 ( 255.6) 



Table 8-3 . Sumary of experimental conditions and results from Wilson plots 
for ~ - 1 1  condensing on vertical tube C 

Series of runs 
Condenser heat load Condensing Condensing heat 

W Btu/hr  W B t u / h r  K O F  K O F  W/m2-K Btu/hr-ft2-'F 
Diff. Vapor temperature temp. diff .  transfer coefficient - 

R- 11-00 1C 

B- 11-0 OSC 

R-11-009C 

U-11-0 13C 

8-11-017C 

R- 11-0 21C 

B-11-025C 

R- 11-029C 

TO 

TO 

TO 

TO 

TO 

TO 

TO 

TO 

R- 1 1-00 4C 

R-11-008C 

R-11-012C 

R-11-016C 

8-1 1-02OC 

B-11-02 4C 

B-11-028C 

E-1 1-032C 

1031. 

2138. 

1444. 

3071. 

1224. 

2462. 

1740. 

2700. 

8-11-033C TO R-11.-036C 6 16. 

B-11-041C TO 8-11-044C 817, 

8-11-045C TO E-11-048C 961. 

( 3518.)  

( 7 2 9 6 . )  

( 493 0. ) 

(10483. ) 

( 4176. )  

( 8 4 0 1 . )  

( 594 0. ) 

( 9217. )  

( 2104. )  

( 2788. )  

( 328 1. ) 

1052. 

2136. 

1454. 

3029. 

1239. 

2433. 

1744. 

2670. 

632 .  

844 .  

984. 

( 3591. )  

( 7292. ) 

( 4 9 6 1 . )  

(10339.)  

( 4227. )  

( 8303. ) 

( 5952.  ) 

( 9112. )  

( 2156. )  

( 2881. )  

( 3357. )  

-2 .1  304.1 ( 87.6)  

0 . 1  309.7 ( 97.8) 

-0 .6  306.8 ( 92.5)  

1 .4  313.1 (103 .9)  

- 1 . 2  305.6 ( 90.5) 

1.2 309.9 ( 98.2)  

-0. 2 307 .6  ( 94.0) 

1. 1 311.4 (100 .8)  

-2 .5  302 .6  ( 85.0) 

- 3 . 4  303 .5  ( 86.6)  

-2 .3  304.6 ( 88.7) 

2 . 8  ( 5.0) 

8 . 9  (16.1)  

4 . 6  [ 8.2) 

15.2 (27.3)  

3.5 ( 6.3) 

11.0 (19.8)  

6 . 2  (11 .2)  

12.7 (22 .8)  

1 .4  ( 2.6)  

2 . 0  ( 3.6) 

2.5 ( 4.5) 

3 5 8 4 . 5  ( 632.2)  

2 3 0 3 . 4  ( 406.2)  

3036.3  ( 535.5) 

1944.8  ( 343.0)  

3362.8  ( 593.1)  

2 1 4 9 . 0  ( 3 7 9 . 0 )  

2692.6  ( 4 7 4 . 9 )  

2050.4  ( 361.6)  

4 1 3 2 . 0  ( 7 2 8 . 7 )  

3931.2  ( 6 9 3 . 3 )  

3 7 2 6 . 4 '  ( 6 5 7 . 2 )  

*. L 

43 
0 

c 
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Table B-4 . Sununary of experimental conditicns and results from Wilscn plots 
for R-11 condensing on vertical tube D 

*, t 

Series of runs 
Condenser heat load Condensing Condensing heat 

W Btu/hr  W Btu/hr  K OF K O F  W/mZ.K Btu/hr.ft2-OF 
QC Qw Diff. Vapor temperature temp. diff. transfer coefficient 

R-11-001D TO R-11-004D 628. ( 2143.) 648. ( 2212.) -3.2 302.8 ( 85.4) 1.1 ( 2.0) 5458.6 ( 962.7) 

8-11-005D TO 8-ll-008D 2186. ( 7459.) 2170. ( 7407.) 0.7 305.6 ( 90.4) 6.8 (12.3) 3079.6 ( 543.1) 

R-11-009D TO 8-11-O12D 1445. ( 4933.) 1463. ( 4994.) -1.2 305.7 ( 90.7) 3.5 ( 6.3) 3987.1 ( 703.2) 

E-11-Ol3D TO 8-11-016D 3228. (11017.) 3203. (10930.) 0.8 312.7 (103.3) 14.0 (25.2) 2214.0 ( 390.5 

R-11-017D TO B-11-02OD R12. ( 2770.) 841. ( 2870.) -3.6 303.9 ( 87.3) 1.6 ( 2.R) 4941.0 ( 871.4 

R-11-021D TO R - l l - O Z U D  2931. (10004.) 2919. ( 9961.) 0.4 310.7 ( 99.5) 11.9 (21.4) 2371.6 ( 4 1 8 . 3  

R-11-025D TO A-11-O28D 1170. ( 3992.) 1197. ( 4086.) -2.4 304.7 ( 88.8) 2.5 ( 4.6) 4412.6 ( 778.2 

R-11-029D TO 8-11-0321) 2458. ( 8788.) 2450. ( 8361.) 0.3 307.6 ( 93.9) R . 7  (15.6) 2725.9 ( 480.8 

R-11-033D TO 8-11-0361) 981. ( 3347.) 1018. ( 3473.) -3.8 303.1 ( 85.9) 2.1 ( 3.7) 4590.8 ( 809.7) 

R-11-037D TO R-11-040D 1851. ( 6319.) 1833. ( 6257.) 1.0 304.1 ( R7.7) 5.5 ( 9.9) 3235.4 ( 570.6) 

R-11-041D TO R-11-044D 1670. ( 5700.) 1656. ( 5653.) 0.8 306.8 ( 92.6) 4.5 ( 8.2) 3542.8 ( 624.8) 

R-11-045D TO R - 1 1 - O U B D  2696. ( 9200.) 2689. ( 9176.) 0.3 309.6 ( 97.7) 10.2 (18.3) 2545.8 ( 449.0) 
_____I_ - . . .. - . ... . ... . ._. - ---I---- - --- 
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Table E-5 . Sumilary of experimental conditSons and results from Wilson plots 
for R-11 condensing on vertical tubeD1 

Series o f  runs 
Condenser heat load Condensing Condensing heat 

Dlff. Vapor temperature temp. d i f f .  transfer coefficient 
K O F  K O F  W/m2.K Btu/hr.ft2.OF 

QC 9,- 
W Btu/hr W Btu/hr 

8- 11-001 Dl 

8-1 1-005D1 

R- 11-009D1 

R-11-013D1 

R-11-017D1 

R-ll-021Dl 

R-11-025D1 

R- 1 1- 029D1 

TO 

TO 

TO 

TO 

TO 

TO 

TO 

TO - 

E- 11-004D 1 

E-1 1-008 D 1 

E-1 1-O12D1 

R-11-O16D1 

R-11-02ODl 

8-11-024D1 

8-11-028D1 

B-11-032D1 

1619. 

881. 

331 3. 

1908. 

126 0. 

2275. 

2982. 

2729. 

( 5525.) 

( 3008.) 

(11 30 6.) 

( 6512.) 

( 4302.) 

( 7763.) 

( 10 178.) 

( 9313.) 

161 1. 

874. 

3234.' 

1891. 

1233. 

2222. 

2906. 

2696. 

( 5497.) 

( 2985.) 

(1 1036.) 

( 6454.) 

( 4209.) 

( 7584.) 

( 9920.) 

( 9200.) 

0.5 309.0 ( 96.4) 

0.8 309.7 ( 97.7) 

2.4 306.4 ( 91.8) 

0.9 308.0 ( 94.7) 

2.2 309.3 ( 97.2) 

2.3 308.7 ( 96.0) 

2.5 307.0 ( 93.0) 

1.2 307.2 ( 93.2) 

3.9 ( 7.1) 

1.7 ( 3.0) 

10.5 (lR.8) 

4.5 ( 8.1) 

2.5 ( 4.6) 

5.9 (10.7) 

8.9 (16.0) 

7.8 (14.0) 

3953.3 ( 697.2) 

5019.9 ( 885.3) 

3047.7 ( 537.5) 

4061.0 ( 716.2) 

4786.9 [ 844.2) 

3679.5 ( 64R.9) 

3223.1 ( 568.4) 

3368.9 ( 594.2) 
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Table 8-6 . Sumnary o f  experimental conditions and results from Wilson plots 
for R-11 condensing on vertical tube E 

Series o f  runs 
Condenser heat load Condensing Condensing heat 

I Vapor temperature temp. diff. transfer coefficient Qw 
OF W/m2.K Btu/hr.ft2.0F 

QC 
W B W h r  W Btu/hr K OF K 

R-11-0171 TO R-11-0201 2517. ( 8592.) 2511. ( 8570.) 0.3 308.9 ( 96.3) 4 .5  ( 8.2) 3720.8 ( 656.2) 

8-11-0211 TO B-11-0241 22'51. ( 7681.) 2243. ( 7656.) 0.3 307.9 ( 94.6) 3 .7  ( 6.7) 4061.9 ( 716.4) 

R-11-025X TO R-ll-028t 3978. ( 1 3 5 7 6 )  3961. (13520.) 0.4 313.5 (104.7) 12.1 (21.7) 2207.6 ( 389.3) 

8-11-0291 TO 8-11-0321 14'53. ( 4959.) 1458. ( 4975.) -0 .3  305.9 ( 90.9) 2.0 ( 3.7) 4778.0 ( 842.7) 

R-11-0331 TO R-11-0361 2886. ( 9849.) 2902. ( 9904.) -0.6 308.2 ( 95.2) 5 . 4  ( 9.7) 3586.7 ( 632.6) 

8-11-0371 TO 8-11-0401 1059. ( 3616.) 1089. ( 3716.) -2 .8  304.7 ( 88.7) 1.3 ( 2.4) 5320.5 ( 938.4) 

8-11-0411 TO 8-?1-04451 3686. (12582.) 3689. (12592.) -0.1 312.1 (102.1) 10.1 (18.2) 2435.5 ( 429.5) 

R-ll-Or)SI TO 8-1164811 847. ( 2891.) 865. ( 2953.) -2.2 304.1 ( 87.6) 1.0 ( 1.8) 5674.1 (1000.7) 

B-11-01191 TO B-11-052E 1825. ( 6230.) 1835. ( 6263.) -0.5 306.1 ( 91.3) 2.8 ( 5.0)  4398.3 ( 775.7) 

R-ll-053E TO R-11-0561 1278. ( 4363.) 1267. ( 4324.) 0.9 305.2 ( 89.6) 1.7 ( 3.1) 4967.8 ( 876.1) 

R-11-0571 TO R-11-0601 3508. (11971.) 3478. (11869.) 0.9 310.4 ( 99.1) 8.7 (15.6) 2706.3 ( 477.3) 

8-1 1-061 1 TO B-1 1-0641 2056. ( 701%) 2064. ( 7043.) -0 .3  306.8 ( 92.6) 3.3 ( 5.9) 4219.9 ( 744.2) 

E-11-0651 TO B-11-0681 3055, (10426.) 3012. (10280.) 1.4 308.2 [ 95.0) 6 .1  (10.9) 3369.3 ( 594.2) 

8 



Table 8-7 . Summary of experimental conditions and results from Wilscn plots 
for  ~ - 1 1  condensing on vertlcal  tube F 

Series of runs 
Condenser heat load Condensing Condensing heat 

W Btu/hr  W B t u / h r  K O F  K O F  W/mZ.K Btu/hr.ft2.0F 
Diff. Vapor temperature temp. d i f f .  t ransfer  coefficient - 

8-1 1-0 u 1P 

E-1 1-0091 

R-11-0 13P 

R-11-0 17F 

B- 1 1-0 2 1P 

R- 11-0 25? 

E- 11-0 29P 

R-11-033P 

R- 11-0 37P 

E- 11-0 4 l? 

R - 11-0 4 5P 

TO 

TO 

TO 

TO 

TO 

TO 

TO 

TO 

TO 

TO 

TO 

~~~ 

B-1 1-004P 

E-11-012P 

R- 1 1-0 16P 

R- 11-020P 

R-11-024P 

R- 11-028F 

E-1 1-032P 

R- 11-036P 

B- 11-04OP 

8- 11-044P 

R- 11-048P 

1647. 

878. 

1166. 

2833. 

1482. 

2066. 

3049. 

1831. 

2479. 

1009. 

709. 

( 5620.) 

( 2997.) 

( 3980.) 

( 9668.) 

( 505 6. ) 

( 7050.) 

(10405.) 

( 6248.) 

( 8461.) 

( 3445.) 

( 241 9.) 

16 29. 

866. 

1137. 

2784. 

1479. 

2040. 

2996. 

1806. 

2417. 

985. 

710. 

( 5559.) 

( 2957.) 

( 3882.) 

( 9503.) 

( 5049.) 

( 6963.) 

( 10 227. ) 

( 6163.) 

( 8250.) 

( 3362.) 

( 2422.) 

1.1 308.1 ( 95.0) 

1.4 310.0 ( 98.3) 

2.5 309.1 ( 96.6) 

1.7 306.9 ( 92.8) 

0.2 309.1 ( 96.7) 

1.2 307.5 ( 93.8) 

1.7 309.2 ( 96.9) 

1.4 307.5 ( 93.9) 

2.5 307.4 ( 93.7) 

2.4 309.7 ( 97.A) 

-0.1 310.1 ( 98.6) - __ . 

5 . 0  ( 9.0) 

1.9 ( 3.4) 

2.8 ( 5.1) 

13.9 (25.0) 

4.2 ( 7.5) 

8.3 (14.9) 

15.5 (28.0) 

6.3 (11.4) 

11.4 (20.5) 

2.3 ( 4.2) 

.-- 1.5 . ( 2.7) 

3408.1 ( 601.1) 

4876.8 ( 860.1) 

4260.0 ( 751.3) 

2110.0 ( 372.1) 

3676.0 ( 648.3) 

2592.8 ( 457.3) 

2032.9 ( 358.5) 

3005.0 ( 530.0) 

2250.1 ( 396.8) 

4503.4 ( 794.3) 

4960.1 ( 87'4.8) 
.. - __- 

c 



Table 8-8 . Summary o f  experimental cond i t i ons  and r e s u l t s  from Wilson p l o t s  
f o r  R-11 condensing on v e r t i c a l  tube F1 

Condenser heat l oad  Condensing Condensing heat 

w Btu/hr W Btu/hr  K OF W/mZ.K Btu/hr.f t2- 'F K O F  

Vapor temperature temp. d i f f .  t r a n s f e r  c o e f f i c i e n t  Ser ies o f  runs QC Qw 

~~~~ 

R-11-001Pl 

R-11-005r1 

~ - i i - o 0 9 r i  

R-11-013P1 

R-11-0 17P1 

R-11-O21Pl 

~ - i i - o 2 5 r i  

ri-i i-029ri 

m 
To 

m 
To 

TO 

To 

TfJ 

TO 

R- 1 1-004?1 

R- 11-008r1 

R- 11- 0 12F 1 

B- 11-0 16r 1 

R- 1 1- 0 2OP 1 

0-11-02411 

R- i 1-02nr i 

E- 1 1-032? 1 - _ _  . ___ __ - - - - 

893. ( 2877.) 

1193. ( 4071.) 

3016. (10294.) 

1502. ( 5125.) 

26Y7. ( 9206.) 

1811. ( 6181.) 

2116. ( 7220.) 

2448. ( 8355.) - 

832. ( 2840.) 1- 3 

1152. ( 3931.) 3 .4  

2963. (10114.) 1.8 

1484. ( 5064.1 1.2 

2617. ( 8931.) 3.0 

1793. ( 6121.) 1 .0  

2075. ( 7083.) 1.9 

2391. ( 8162.) 2.3 -- -- - --- - --- . -_ . - 

309.9 ( 98.2) 

309.4 ( 97.3) 

307.3 ( 93.P) 

309.9 ( 97.3) 

307.7 ( 94.2) 

309.0 ( 96.6) 

308.4 ( 95.5) 

307.8 ( 94.4) 

1.5 ( 2.7) 

2.4 ( 4.31 

11.4 (20.6) 

3.6 ( 6.4)  

9.3 (16.7) 

4 .5  ( 8 .1 )  

5.7 (10.3)  

7.6 (13.6) 

5782.2 (1019.8) 

5166.8 ( 911.2) 

2730.5 ( 981.6) 

9340.7 ( 765.6) 

3010.7 ( 531.0) 

4158.3 ( 733.4) 

3843.0 ( 677.8) 

3347. 1 ( 590.3) 



Table B-9 . Summary of experimental conditions and results from Wilson plots 
for R-11 condensing on vertical tube F3 

Series of runs 
Condenser heat load Condensing Condensing heat 

W Btu/hr W Btu/hr K "F K "F W/m2.K Btu/hr.ft*.OF 
QC Qw Diff .  Vapor temperature temp. d i f f .  transfer coefficient 

8-1 1-ooir3 

R-ll-QOSC3 

8-11-009?3 

R-i 1-0 1313 

R- 11-0 17r3 

R-11-021C3 

8-11-025?3 

8-11-029?3 

M 

TO 

M 

To 

To 

M 

M 

To 

a- i i-oo1r3 

8- 11-008?3 

~-1i-oi2r3 

a- i1-015r3 
R- 11- 0 201 3 

a- i 1-02~3 
B-11-028F3 

A-11-032?3 

1502. ( 5128.) 

871. ( 2973.) 

2805. ( 9815.) 

1169. (397b.) 

2077. ( 7088.) 

1796. ( 6128.) 

2521. ( 8605.) 

3447. (11765.1 

11169. ( 5015.1 

865. ( 2951.1 

2831. ( 9661.) 

,1151. ( 3928.) 

2053. ( 7006.) 

1764. ( 6021.) 

2462. ( 8403.1 

3368. f 11496.) 

2.2 

0.7 

1.9 

1.2 

1.2 

1.7 

2.3 

2.3 

309.9 ( 98.2) 

310.0 ( 98.3) 

306.7 ( 92.4) 

309.5 ( 97.5) 

308.8 [ 96.2) 

308.7 ( 96.0) 

307.5 ( 93.9) 

306.1, f 91.8) 

3.0 ( 5.4) 

1.5 ( 2.6) 

7.7 (13.8) 

2.1 ( 3.8) 

6.9 ( 8.7) 

3.8 ( 6.8) 

6.1 (11.0) 

9.8 (17.6) 

5177.2 ( 913.1) 

6218. 2 (1096.7) 

3880.7 ( 685.1) 

5671.0 (1000.2) 

4425.9 ( 780.6) 

4898.8 ( 864.0) 

4281.5 ( 755.1) 

8 

3643.8 ( 692.6) 

h .I 
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Table B-10. Sumnary o f  experimental conditions and resu l ts  from Wilson plots 
f o r  R-11 condensing on ver t ica l  tube F7 

Series o f  runs 
Condenser heat load Condensing Condensing heat 

Diff. Vapor temperature temp. d i f f .  t ransfer  coef f ic ient  Qw 
O F  W/m2.K Btu/hr.ft2*"F 

QC 
H Btu/hr W Btu/hr K O F  K 

8-11-00517 TO 8-11-00817 1531. ( 5225.) 1515. ( 5169.) 1.1 308.6 ( 95.7) 2.9 ( 5.2) 5477.4 ( 966.0) 

R-ll-009?7 M 8-11-012F7 874. ( 2984.) 874. ( 2980.1 -0.0 310.2 ( 98.7) 1.3 ( 2.3) 6940.8 (1224.1) 

8-11-013C7 M 8-11-016?7 3056. (10432.) 2974. (10151.) 2.7 307.2 ( 93.3) 7.6 (13.7) 4155.7 ( 732.9) 

R-11-017?7 TO 8-11-02011 1178. ( 0020.) 1151. ( 3930.) 2.2 309.6 ( 97.7) 1.8 ( 3.2) 6794.2 (1198.3) 

E-11-02117 TO B-11-02417 2730. ( 9317.) 2664. ( 9092.) 2.4 307.7 ( 94.1) 6.4 (11.6) 4388.6 ( 774.0) 

R-l1-025?7 M 8-11-02817 2137. ( 7292.) 2108. ( 7195.) 1.3 308.7 ( 96.1) 4.6 ( 8.3) 4820.1 ( 850.1) 

R-ll-029Ct TO E-11-03217 1837. ( 6271.) 1821. ( 6217.) 0.9 308.7 ( 96.0) 3.8 ( 6.8) 5019.2 ( 885.2) 

8-11-03317 TO 8-11-03617 2065. ( 8412.) 2425. ( 8277.) 1.6 307.8 ( 94.3) 5.5 (10.0) 4603.1 ( 811.8) 

8-11-03717 TO 8-11-04017 1183. ( 4036.) 1162. ( 3965.) 1.8 309.9 ( 98.2) 1.9 ( 3.4) 6532.7 (1152.2) 

8-11-08117 TO 8-11-04417 3441. (11745.) 3390. (11571.) 1.5 306.4 ( 91.8) 9.2 (16.5) 3894.5 ( 686.9) 



Table B-11. Summary o f  experimental conditions and results from Wilson plots 
for R-11 condensing on vertical tube G 

Series o f  runs 
Condenser heat load Condensing Condensing heat 
9, 9, Diff. Vapor temperature temp. diff. transfer coefficient 

OF W/m2.K Btu/hr.ft2.0F W Btu/hr W 6tu/hr K "F K 

B-11-0050 

R-11-0096 

R-11-0 136 

E- 11-0 17G 

8-1 1-0210 

8- 1 1 -0 256 

B-11-0290 

E-1 1-0330 

E-1 1-0378 

To 

To 

m 

M 

20 

M 

To 

To 

m 

R- 11-OOOG 

R- 11-0120 

8- 11- 016G 

8-11-0260 

I- 11-0216 

R- 11-0280 

8- 1 1- 0326 

8- 11-0366 

R- 11-0406 

867. ( 2890.) 806. 

1051. ( 3586.) 1022. 

2091. ( 9866.) 2847. 

1306. ( 4729.) 1358. 

2S31. ( 8639,) 2479. 

1725. ( 5886.) 1688. 

2108. ( 7195.) 2067. 

662. ( 2261.) 660. 

3017. , (10297.) 2%2. 
-__- -. 

( 2888.) 

( 3488.) 

( 97 18. ) 

( 4635.) 

( 8460. ) 

( 5760.) 

( 7055.) 

( 2252. ) 

(10108.) 

0.0 

2.7 

1.5 
2.0 

2. 1 

2.1 

1- 9 

0.4 

1- 8 

310.5 ( 99.2) 

309.3 ( 97.0) 

304.7 ( 88.9) 

308.6 ( 95.8) 

306.6 ( 92.6) 

308.2 ( 95.0) 

307.9 ( 94.6) 

310.8 ( 99.8) 

305.7 ( 90.7) 

2.3 ( 0.1) 

2.9 ( 5.3) 

12.4 (22.4) 

4.2 ( 7.6) 

10.2 (18.4) 

5.9 (10.5) 

7.8 (10.0) 

1.7 ( 3.0) 

13.0 (23.5) 
- - . _ -  

326 1.9 ( 57s. 3) 

3135.8 ( 553.1) 

2035.7 ( 359.0) 

2880.1 ( 507.9) 

2171.6 ( 383.0) 

2576.9 ( 450.5) 

2373.9 ( 018.7) 

3509.7 ( 619.0) 

2027.4 ( 357.6) 
.. __ - 

c 6 c 
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Table 6-12. Sumnary of experimental conditions and results from Wilson plots 
for R-11 condenstng on vertical tube H 

R- 11-00 1 8 

R- 11-0098 

8-11-0138 

R-11-0178 

8-1 1-0 21 A 

R-11-025R 

R-11-0298 

R-11-033H 

R-11-0 37H 

Condenser heat load Condensing Condensing haat 

W Btu/hr  W B t u / h r  K O F  K O F  W/m2.K Btu/hr-ft2.0F 
Series of runs Qc Qw D i f f .  Vapor temperature temp. diff. transfer coefficient 

TO R-11-OOUR 878. ( 2997.) 905. ( 3089.) -3.1 310.6 ( 99.5) 1.5 ( 2.8) 

TO R-ll-012H 1350. ( 4 6 0 8 . )  1362. ( 4648.) -0.9 310.0 ( 98.4) 2.3 ( 4.2) 

9.4 (16.9) TO R-11-0168 4096. (13980.) 4034. (13769.) 1.5 308.4 ( 95.4) 

TO 8-11-0208 1799. ( 6141.  

TO E-11-024H 3112. (10620. 

TO R-11-0288 745. ( 2541. 

TO n-i i -03m 2568. ( 8766. 

TO R-11-0368 2163. (7381.  

1747. ( 5961.) 2.'9 309.7 ( 97.8) 3.4 ( 6.1) 

1.9) 

2.2) 

9.5) 

7.5) 

TO R-11-OUOA 1140. ( 3890.) 1125. ( 3838.) 1.3 310.5 ( 99.2) 2.0 ( 3.5)  

3043. (10407.) 2.0 309.4 ( 97.2) 6.6 ( 

7 5 8 .  ( 2588.) -1.8 310.6 ( 99.5) 1.2 ( 

2502. ( 8541.) 2.6 309.6 ( 97.6) 5.3 ( 

2154. ( 7351.) 0.4 309.1 ( 96.7) 4.2 ( 

3521. (12016.) 3478. (11872.) 1.'2 309.0J 96.6) 7.8 (14.0) -__ . . . _ - -__ ._~ -____  - R-ll-04ltl TO R-ll-044A 

2886.7 

3654.2 

2957.2 

3160.8 

3508.8 ( 618.8) 

3524.3 ( 621.6) 

2663.1 ( 469.7) 

3231.1 ( 569.9) 

509.1) 

644.5) 

521.6) 

557.5) 

3543.1 ( 624.9) 

2761.1 ( 487.0) _. - 



Table 8-13. Sunmiary of experimental conditions and results from Wilson plots 
for R-11 condensing on vertical tube J 

Condenser heat load Condensing Condensing heat 

W Btu/hr W Btu/hr K O F  K O F  W/m2.K Btu/hr.ftZ."F 
Series o f  runs Qc Qw - transfer coefficient D,ff. Vapor temperature temp. diff. 

859. ( 2933.) -0.0 310.6 ( 99.3) 2.2 ( 4.0) 3937.3 ( 694.4) 

8-11-0095 TO 8-11-0121 1362. ( 4647.) 1358. ( 4635.) 0 . 3  308.9 ( 96.3) 4.5 { 8.2) 3073.0 ( 542.0) 

8-11-0055 TO R-11-OOBJ 859. ( 2933.) 

8-11-0173 TO 8-11-02OJ 

8-11-6215 TO I-11-02OJ 

A-11-025J M A-11-028J 

8-11-6295 TO I-11-032J 

005. ( 3431.) 

005, ( 3b31.) 

226. ( 1185.) 

835. ( 6264.) 

8-11-013J TO R-11-Ol6J 2827. ( 9698.) 2786. ( 9508.) 1.5 307.0 ( 92.9) 15.1 (27.2) 1919.9 ( 338.6) 

991. ( 3383.) 1.4 309.6 ( 97.6) 2.7 ( 4.9) 3759.9 ( 663.1) 

991. ( 3383.) 1.4 309.6 ( 97.6) 2.7 ( 4.9) 3759.9 4 663.1) 

213. ( 9136.) 1.1 308.4 ( 95.5) 3.8 ( 6.8) 3343.7 ( 589.7) 

818. ( 6204.) 1.0 308.5 ( 95.6) 7.6 (13.6) 2493.5 ( 439.8) 

8-11-0333 TO R-11-036J 2547. ( 8693.) 2517. ( 8591.) 1.2 307.9 ( 94.5) 12-8 (23.1) 2036.9 ( 359.3) 

8-11-037J TO A-11-O4OJ 719. ( 2454.) 711. ( 2428.) 1.1 311.3 (100.7) 1.7 ( 3-1) 4281.7 ( 755.2) 

5.9 (10.7) 2711.5 ( 478.2) --._._^__.I_.-----. 8-11-041J 20 R-11-049J 1571, ( 5361,) 1562. ( 5331.) 0.6 108.2 ( 95-21 

c 
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Table 8-14. S m a r y  of experimental conditions and results from Wilson plots 
fo r  R-21 condensing on vertical  tubeA 

-. . . 

* 

- 
Condenser heat load Condensing condensing heat 

Diff. Vapor temperature temp. d i f f .  t ransfer  coefficient Qw 
K O F  K O F  W/m2-K Btu/hr.ft2-OF 

Series of runs Qc 
W Btu/hr W B t u / h r  

R-2 1-0 0 1A 

R-21-0 O 8 A  

8-2 1-0 12A 

R-21-0 16A 

8- 2 1-0 20 A 

8-21-024A 

B-21-028A 

R-21-032A 

8-21-0 36A 

R - 2  1-0 40A 

8-21-044A 

R-21-0 48A 

R-21-0 521 

TO 

TO 

TO 

TO 

TO 

TO 

TO 

TO 

TO 

TO 

TO 

TO 

TO 

R-2 1-OOUA 

R-2 1-01 1A 

R-2 1-0 1 SA 

8-21-0191 

R- 2 1-02 3A 

R-21-O27A 

R-21-03111 

R- 2 1-03511 

R-21-039A 

R- 2 1 - 04 3A 

R-21-O47A 

R-21-05lA 

8-21-055A 

2897. ( 9888.) 

1597, ( 5451.) 

2035. ( 6944.) 

2597. ( 8862.) 

2334. ( 7966.) 

2442, ( 8335.) 

1878. ( 6411.) 

1132. ( 3864.) 

896. ( 3056.) 

746. ( 2546.) 

1253. ( 4275.) 

644. ( 2200.) 

1394. ( 4759.) 

2871. ( 9799.) 

1561. ( 5328.) 

1988. ( 6786.) 

2549. ( 8699.) 

2343. ( 7997.) 

2392. ( 8163.) 

1886. ( 6436.) 

1115. ( 3806.) 

872. ( 2977.) 

724. ( 2470.) 

1224. ( 4176.) 

620. ( 2116.) 

1371. ( 4679.) 

0 .9  

2. 2 

2. 3 

1.8 

-0.4 

2.1 

-0.4 

1.5 

2.6 

3.0 

2. 3 

3.8 

1.7 

326.1 (127.3) 

311.5 (101.0) 

316.0 (109.2) 

321.7 (119.3) 

317.9 (112.6) 

319.2 (114.9) 

312.9 (103.5) 

309.8 ( 97.9) 

307.0 ( 93.0) 

305.4 ( 90.1) 

311.5 (101.0) 

303.1 ( 86.0) 

310.4 ( 99.1) 

26.2 (47.2) 

13.9 (25.0) 

18.3 (32.9) 

23.3 (42.0) 

21.0 (37.8) 

22.2 (40.0) 

16.8 (30.3) 

9 .9  (17.8) 

7 .6  (13.7) 

6 .0  (10.8) 

10.8 (19.4) 

5.0 ( 9.0) 

12.2 (22.0) 

1134.7 ( 200.1) 

1180.4 ( 208.2) 

1141.7 ( 201.4) 

1143.3 ( 201.6) 

l lU1 .6  ( 201.3) 

1128.5 ( 199.0) 

1146.1 ( 202.1) 

1174.6 ( 207.2) 

1211.4 ( 213.7) 

1278.4 ( 225.5) 

1192.7 ( 210.4) 

1329.5 ( 234.5) 

1170.5 ( 206.4) 

R-21-056A TO R-21-059A 1036. ( 3534.) 1014. ( 3462.) 2.0 308.1 ( 94.9) 8.7 (15.7) 1217.5 ( 214.7) 



Table 8-15. Summary of experimental conditions and results from Wilscn plots 
for R-22 condensing on vertical tubeA 

Series of runs 
Condenser heat load Condensing Condensing heat 

Vapor temperature temp. diff. transfer coefficient Qc Qw .~ 
W Btu/hr W Btu/hr K O F  K OF W/m2-K Btu/hr.ft*.OF 

8-22-001A TO R-22-004A 689. ( 2352.) 683. ( 2333.) 0.8 302.9 ( 85.6) 5.4 ( 9.8) 1301.4 ( 229.5) 

A-22-005A TO R-22-008A 4C3. ( 1375.) 401. ( 1367.) 0.5 301.9 ( 83.8) 3.0 ( 5.4) 1368.6 ( 241.4) 

8-22-009A TO R-22-011A 1026. ( 3501.) 1008. ( 3440.) 1.7 305.2 ( 89.6) 8.4 (15.2) 1246.9 ( 219.9) 

R-22-0 1 2 1  TO 8-22-01 SA 902. 

R-22-016A TO R-22-019A 1165. 

8-22-020A TO R-22-023A 1374. 

R-22-024A TO R-22-026A 1611. 

R-22-027A TO R-22-030A 1840. 

3079.) 899. ( 3069.) 0.3 305.0 ( 89.4) 7.3 (13.1) 

3976.) 1151. ( 3929.) 1.2 304.9 ( 89.1) 9.6 (17.3) 

4690.) 1381. ( 4715.) -0.5 305.1 ( 89.5) 11.3 (20.4) 

5498.) 1594. ( 5439.) 1.1 304.1 ( 87.8) 13.9 (25.0) 

6280.) 1825. ( 6229.) 0.8 306.1 ( 91.3) 15.5 (28.0) 

269.2 ( 223.A) 

243.6 ( 219.3) 

246.8 ( 219.9) 

189.9 ( 209.9) 

215.6 ( 214.4) 

R-22-031A TO R-22-033A 1999. ( 6821.) 1996. ( 6812.) 0.1 307.2 ( 93.3) 16.8 (30.3) 1218.1 ( 214.8) 

R-22-034A TO 8-22-036A 2201. ( 7513.) 2189. ( 7470.) 0.6 309.9 ( 98.2) 18.8 (33.8) 1204.4 ( 212.4) 

R-22-037A TO R-22-040A 559. ( 1906.) 541. ( 1848.) 3.1 302.2 ( 84.2) 4.1 ( 7.5) 1382.4 ( 243.8) 

R-22-041A TO R-22-044A 1529. ( 5220.) 1494. ( 5100.) 2.3 3C5.2 ( 89.6) 12.9 (23.2) 1218.4 ( 214.9) 



Table B-16. Suimiary of experimental conditions and results from Wilson plots 
for R-22 condensing on vertical tubeD 

Series o f  runs 
Condenser heat load Condensing Condensing heat D,ff. Vapor temperature temp. diff. transfer coef f ic ien t  Qc Qw 

w B t u / h r  W B W h r  K O F  K O F  W/m2.K Btu/hr.ft2.0F 

R-22-0 0 1 D  

R-22-0 05C 

R-22-G09C 

R-22-0 13C 

R-22-Cl7E 

6-22-0 2 1 C 

fi - 22-0 2 5C 

e-22-0 33C 

F - i2-C37D 

F -22-0 4 1 C 

F -22-0 4 5D 

f i -  22-049C 

h -  22-0 53C 

5-22-057D 

R-22-06 1C 

8-22-0650 

T O  R-22-004D 925. ( 3157.) 

TO R-22-008D 7CO. ( 23R9.) 

TO R-22-012D 1058. ( 3611. 

TO R-22-016D 540. ( 1844. 

TO R-21-02OD 1178. ( 4021. 

TO R-22-024D 651. ( 2220. 

TO 

TO 

TC 

TC 

TC 

TC 

TC 

TC 

TC 

TC 

R-22-O28D 

5-22-0360 

fi-22-040D 

F-22-04 U D  

6-22-048D 

5-22-052D 

6-22-0561: 

5-22-0600 

5-22-0640 

6-22-068D 

846. ( 2887.) 

1372. ( 4691.) 

1896. ( 6'472.) 

15P2. ( 5398.) 

1732. ( 5910.) 

2543. ( 8679.) 

773. ( 2637.) 

2137. ( 7294.) 

2390. ( 8159.) 

28C8. ( 9582.) 

1032. 

524. 

1143. 

654. 

900. ( 3070.) 2.7 

683. ( 2329.) 2.5 

3523.) 2.4 

1788.) 3.0 

3900.) 3.0 

2232.) -0.5 

833. ( 2844.) 

1325. ( 4527.) 

lR41. ( 6283.) 

1544. ( 5269.) 

1681. ( 5739.) 

2534. ( R648.) 

748. ( 2554.) 

2067. ( 7054.) 

2331. ( 7957.) 

2773. ( 9464.) 

1.5 

3.3 

2.9 

2.4 

2.9 

0.4 

3.2 

3.3 

2.5 

1.2 

2214. ( 7556.) 4.8 

301.5 ( 83.1) 

301.6 ( 83.2) 

301.2 ( 82.6) 

301.1 ( 82.3) 

3C0.6 ( 81.3) 

301.1 ( 82.4) 

2.2 ( 3.9) 

1.3 ( 2.4) 

2.7 ( 4.8) 

0.9 ( 1.6) 

3.2 ( 5.7) 

1.2 ( 2.1) 

U100.1 ( 723.1) 

5059.8 ( 892.4) 

3781.3 ( 666.9) 

5901.8 (1040.9) 

3548.7 ( 625.9) 

5423.2 ( 956.5) 

300.4 

301.8 

303.4 

302.0 

300.8 

301.6 ( 83.2) 

3C2.4 ( 84.6) 

302.8 ( 85.3) 

81.0) 

83.6) 

86.5) 

84.0) 

8 1 .8) 

302.7 ( 85.3) 

304.0 ( 87.6) 

304.7 ( 88.9) 

1.9 ( 3.3) 

4.1 ( 7.3) 

6.7 (12.0) 

5.1 ( 9.1) 

5.8 (10.5) 

10.0 (18.1) 

1.6 ( 2.9) 

7.7 (13.9) 

9.2 (16.6) 

11.4 (20.5) 

8.5 (15.4) 

2998.1 

2853.0 

2437.4 

4639.2 

4385.5 ( 773.5) 

3233.0 ( 570.2) 

2730.5 ( 481.6) 

528.8) 

503.2) 

429.9) 

R18.2) 

2654.1 ( 468.1) 

2499.3 ( 440.8) 

2365.1 ( 417.1) 

2619.8 ( 462.0) k-22-069D TC 5-22-072D 2325. ( 7935.) 

c 

'0 
W 



Table B-17. Summary o f  experimental conditions and results from Wilson p lo ts  
f o r  R-22 condensing on ver t ica l  tubeE 

Series o f  runs 

Condenser heat load Condensing Condensing heat 
I Diff. Vapor temperature temp. d i f f .  t ransfer  coef f ic ient  Qw 

OF W/m2*K 8tu/hr.ft2.OF 
QC 

W Btu/hr W B W h r  K OF K 

R-22-0 09E 

R-22-02 1 P 

R-22-0 25P 

8- 22-02 9 E 

R-22-0 3 3 E 

8-22-0311 

8-22-0 42 E 

8-22-045E 

A-22-O49E 

R-22-0 53E 

R-22-057E 

8-22-06 1 E 

R-22-065P 

8-22-0691 

R -  22-0 7 2  E 

R-22-0 76E 

R-2 2-0 8 0  E 

R-  2 2-0 8 3 E 

€4-22-0 87E 

TO A-22-012E 

TO R-22-024E 

TO R-22-028E 

TO R-22-032E 

TO 8-22-0363 

TO R-22-O4OE 

TO R-22-044E 

TO B-22-0481 

TO 8-22-052B 

TO A-22-056E 

TO R-22-059E 

TO B-22-064E 

TO R-22-068E 

TO R-22-071E 

TO R-22-075E 

TO R-22-079E 

TO R-22-O82E 

TO 8-22-0663 

TO R-22-090E 

811. ( 2768.)  

1979. ( 6754. )  

2715. ( 9267.)  

1690. ( 5768. )  

2450. ( 8362. )  

2249. ( 7677. )  

1521. ( 5193.)  

1273. ( 4685.)  

1206. ( 0116.)  

1870. ( 6381. )  

2648. ( 9037.)  

2127. ( 7259. )  

2896. ( 9883.) 

3222. (10998. )  

1542. ( 5262.)  

1255. ( 4285.)  

3510. (11981. )  

1547. ( 5281. )  

875. ( 2985.)  

803.  ( 2700. )  

1904. ( 6498.)  

2702. ( 9222.)  

1635. ( 5581. )  

2027. ( 8285.)  

2203. ( 7 5 2 0 . )  

1485. ( 5069. )  

1330. ( 0539.)  

1171. ( 3996.) 

1814. ( 6190.)  

2640. ( 9009.)  

2087. ( 7122.)  

2883. ( 9840.) 

3263. ( 1  1137.)  

1508. ( 5145.)  

1210. ( 4129.)  

3554. (12130.)  

1501. ( 5124.)  

845. ( 2884.)  

1 .0  

3.8 

0.5 

3.2 

0.9 

2.0 

2.4 

3.1 

2.9 

3.0 

0 .3  

1.9 

0. 4 

-1.3 

2 .2  

3.6 

-1 .2  

3 . 0  

301.2 ( 82.5)  

301.2 ( 82.5) 

301.6 ( 83.1)  

301.6 ( 83.2)  

303.8 ( 87.2)  

302.8 ( 85.3)  

302.5 ( 84.9)  

302.2 ( 84.3) 

302.8 ( 85.4)  

302.0 ( 83.9)  

302.4 ( 8 4 . 6 )  

302.0 ( 83.9)  

303.2 ( 86.1)  

304.8 ( 8 8 . 9 )  

301.2 ( 82.5)  

302.9 ( 85.6)  

306.5 ( 92.0)  

301.7 ( 83.4)  

0.7 ( 1.3) 

2 .9  ( 5.1) 

5 . 5  ( 9.9) 

2 . 1  ( 3.8) 

4 . 3  ( 7.7)  

3.7 ( 6.6)  

1 .8  ( 3.2) 

1 .6  ( 2.8) 

1.3  ( 2.3) 

2.4 ( 4.3) 

5 . 5  ( 9.9)  

3.1 ( 5.5) 

6 . 5  (11.6)  

8 . 5  (15.2)  

1.8 ( 3.3) 

1 .3  ( 2.4) 

9 . 9  (17.9)  

1.8 ( 3.3) 

7765.6 (1369.6)  

4638.6 ( 818.1)  

3304.6 ( 582.8)  

5367.2 { 946.6)  

3818.6 ( 673.5)  

4078.4  ( 719.3)  

5787.6 (1020.7)  

5810.1  (1020.7)  

6267.1  (1105.3)  

5272.5  ( 929.9)  

3225.8  ( 568.9)  

4644.3  ( 819.1)  

2999.5 ( 529.0)  

2 5 5 3 . 2  ( 450.3)  

5715.8  (1008.1)  

6230.9  (1098.9)  

2365.9  ( 417.3)  

5657.7 ( 997.8)  

3.4 3C1.3 ( 82.7)  0 . 8  ( 1.4) 7398.4  (1296.0)  

P 

G -  c. '* c 
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Table B-18. Sumnary o f  experimental conditions and results from Wilson plots 
f o r  R-113 condensing on ver t ica l  tubeA 

Condenser heat load Condens i ng Condensing heat 

H Btu/hr W Btu/hr K OF K OF W/m2.K Btu/hr.ft2.0F 
Series o f  runs QC Q" Dlff. Vapor temperature temp. d i f f .  t ransfer  coef f ic ient  

B-113-001 A 

R-113-005A 

B-113-0091 

R-113-0 13A 

8-113-017A 

8-1 13-02 1 A  

B-113-02511 

R-113-02911 

E-1 13-0331 

8-1 13-037A 

R-113-041 A 

TO 

TO 

TO 

TO 

TO 

TO 

TO 

TO 

TO 

TO 

TO 

R-113-004 A 

B-113-0081 

R-113-012A 

R-113-0 1611 

R-113-02011 

R-113-0291 

R-113-02811 

I?-1 13-032A 

R-113-0 36 11 

8-1 13-0401 

8-113-044A 

1920. ( 6553.) 

2013. ( 6870.) 

1326. ( 4527.) 

2478. ( 8058.) 

900. ( 3073.) 

1698. ( 5795.) 

2274. ( 7762.) 

2705. ( 9231.) 

777. ( 2653.) 

1115. ( 3807.) 

1554. ( 5303.) 

1955. ( 6672.) 

1962. ( 6696.) 

1309. ( 4467.) 

2362. ( 8063.) 

900. ( 3071.) 

1704. ( 5817.) 

2154. ( 7351.) 

2584. ( 8819.) 

769. ( 2625.) 

1118. ( 3815.) 

1506. ( 5140.) 

8-113-045A TO B-113-048A 2259. ( 7709.) 2145. ( 7322.) 

8-113-049A TO 8-113-0511 2654. ( 9059.) 2556. ( 8725.) 

8-113-053A TO R-113-0561 2105. ( 7184.) 2020. ( 6894.) 

E-413-057A TO 8-113-06011 2531. ( 8637.) 2420. ( 8273.) 

E-113-061A TO E-113-06411 2501. ( 8537.) 2418. ( 8251.) 

-1.8 

2.5 

1.3 

4.7 

0.1 

-0.4 

5.3 

4.5 

1.0 

-0.2 

3.1 

5.0 

3.7 

4.0 

4.2 

3.3 

338.9 (150.3) 

332.4 (138.6) 

331.3 (136.7) 

337.5 (107.9) 

330.1 (134.5) 

330.0 (134.3) 

332.6 (139.0) 

337.5 (147.8) 

329.7 (133.9) 

330.6 (135.4) 

328.9 (132.4) 

331.8 (137.6) 

337.2 (147.2) 

329.8 (134.0) 

335.7 (144.6) 

337.0 (146.9) 

31.0 (55.8) 635.6 ( 112.1) 

30.8 (55.4) 671.8 ( 116.5) 

20.0 (36.0) 681.3 ( 120.2) 

35.7 (64.2) 713.1 ( 125.8) 

12.4 (22.3) 746.2 ( 131.6) 

26.3 (47.4) 662.7 ( 116.9) 

33.0 (59.4) 708.1 ( 124.9) 

37.9 (68.3) 732.4 ( 129.2) 

10.2 (18.3) 784.2 ( 138.3) 

16.4 (29.5) 699.2 ( 123.3) 

23.2 (41.8) 687.8 ( 121.3) 

32.9 (59.2) 705.8 ( 124.5) 

37.9 (68.2) 719.3 ( 126.9) 

31.0 (55.7) 697.9 ( 123.1) 

36.6 (65.8) 710.5 ( 125.3) 

37.1 (66.8) 692.5 ( 122.1) 



Table B-19. Sumnary of experimental conditions and results from Wilson plots 
for R-113 condensing on vert?ciil tubeB 

Series of runs 
Condenser heat load Condensing Condensing heat 

W Btu/hr W Btu/hr K "F K O F  W/m2.K Btu/hr-ft2-OF 
9, Diff. Vapor temperature temp. diff. transfer coefficient Qc 

R-113-0018 TO R-113-0048 2145. ( 7319.) 2080. 

B-113-0058 TO 8-113-0088 1407. ( 4800.) 1399. 

R-113-0098 TO E-113-0128 1771. ( 6044.) 1714. 

R-113-0138 TO R-113-0168 3057. (10434.) 2959. 

R-113-0178 TO R-113-0208 1077. ( 3676. 

8-113-0218 TO R-113-0248 2574. ( 8786. 

R-113-0258 TO R-113-0288 1596. ( 5448. 

8-113-0298 TO 8-113-0328 3349. (11430. 

R-113-0338 TO 8-113-0368 1245. ( 4250. 

7097.) 3.0 326.8 (128.6) 12.0 (21.7) 1274.9 ( 224.9) 

4774.) 0.5 326.5 (128.0) 7.0 (12.6) 1441.0 ( 254.1) 

5848.) 3.2 327.5 (129.9) 9.4 (17.0) 1342.5 ( 236.8) 

0098.) 3.2 325.2 (125.8) 18.5 (33.4) 1181.7 ( 208.0) 

1055. ( 3602.) 2.0 327.6 (130.0) 4.8 ( 8.7) 1593.3 

2508. ( 8559.) 2.6 325.5 (126.3) 14.8 (26.6) 1240.2 

1555. ( 5308.) 2.6 326.9 (128.7) 8.1 (14.6) 1412.4 

3259. (11124.) 2.7 325.1 (125.5) 20.4 (36.7) 1177.9 

1208. ( 4122.) 3.0 326.9 (128.8) 5.8 (10.5) 1534.9 

281.0) 

219.8) 

249.1) 

207.7) 

270.7) 

8-113-0378 TO 8-1 13-0408 1352. ( 4614.) 1304. ( 4449.) 3.6 326.4 (127.R) 6.5 (11.7) 1489.2 ( 262.6) 

R-113-0418 TO R-113-0448 27S7. ( 9545.) 2696. ( 9201.j 3.6 324.6 (124.6) 16.4 (29.6) 1220.0 ( 215.2) 

E-113-0458 TO 8-113-0488 1936. ( 6607.) 1864. ( 6361.) 3.7 328.2 (131.2) 10.4 (18.8) 1330.6 ( 234.7) 

R-113-0498 TO R-113-0528 2382. ( 8129.) 2324. ( 7933.) 2.4 325.5 (126.3) 13.5 (24.3) 1261.8 ( 222.5) 



Table B-20. Surmiary of experimental conditions and results from Wilson plots 
for R-113 condensing on vertical tubeC 

Series of runs 
Condenser heat load Condensing Condensing heat 

Vapor temperature temp. diff .  transfer coefficient Q, Q“ ” -.... 
H ” Btu/hr W Btu/hr K O F  K O F  W/m2-K Btu/hr.ft2.OF 

R-113-033C TO R-113-036C 2 1 0 .  ( 7192.) 1988. ( 6786.) 5.6 324.9 (125.1) 12.1 (21.8) 1675.1 ( 295.4) 

R-113-037C TO R-113-040C 1511. ( 5158.) 1441. ( U917.) 4.7 325.6 (126.4) 7.0 (12.5) 2088.9 ( 368.4) 

8-113-041C TO R-113-044C 2548. ( 8698.) 2408. ( 8218.) 5.5 326.6 (128.2) 15.8 (28.5) 1549.3 ( 273.2) 

R-113-045C TO R-113-048C 1019. ( 3478.) 986. ( 3364.) 3.3 327.1 (129.2) 4.0 ( 7-1) 2476.6 ( 436.8) 

R-113-049C 

R-113-0 53C 

E-1 13-057C 

R-113-061C 

R-113-065C 

R-113-069C 

8- 1 1 3- 07 3C 

R-113-077C 

TO 

TO 

TO 

TO 

TO 

TO 

TO 

TO 

R-113-052C 1407. ( 4803.) 

R-113-056C 1642. ( 5603.) 

R - 1 1 3- 0 60C 1226. ( 4185.) 

R-113-064C 928. ( 3166.) 

R-113-068C 1817. ( 6200.) 

R-113-072C 3047. (10399.) 

R-113-076C 803. ( 2742.) 

R-113-080C 2328. ( 7946.) 

1383. ( 4720.) 

1614. ( 5507.) 

1208. ( 4123.) 

899. ( 3069.) 

1774. ( 6055.) 

2892. ( 9872.) 

795. ( 2713.) 

2238. ( 7636.) 

1.7 

1.7 

1.5 

3. 1 

2.3 

5. 1 

1. 1 

3.9 

326. 1 (127.3) 

323.9 (130.5) 

325.6 (126.4) 

327.2 (129. 4) 

326.6 (128.2) 

325.1 (125.5) 

328.1 (130.9) 

324.4 (124.3) 

6.2 (11.2) 

8.0 (19.5) 

5.1 ( 9.1) 

3.3 ( 5.9) 

9.5 (17.2) 

20.3 (36.5) 

2.6 ( 4.6) 

13.8 (24.8) 

2178.8 ( 380.3) 

1963.1 ( 346.2) 

2332.1 ( 911.3) 

2743.7 ( 983.9) 

1833.4 ( 323.4) 

1446.0 ( 255.0) 

3012.1 ( 531.2) 

1627.1 ( 267.0) 



Table 8-21. Sumnary of experimental conditions and results from Wilson plots 
for  R-113 condensing on vertical  t u b e D  

Condenser heat load 
Series of runs QC Qw % Diff. 

w B t u / h r  W B t u / h r  

B-113-001D TO R-113-00UC 2049. ( 6993.) 2030. ( 6927.) 0.9 

E-113-005D TO R-113-008D 2571. ( 8774.) 2472. ( 8438.) 3.8 

8-113-0098 TO R-113-012C 1319. ( 4502.) 1269. ( 4331.) 3. 8 

E-ll3-013D TO E-113-016C 1701. { 5804.) 1640. ( 5598.) 3. 5 

R-113-017D T O  R-113-020C 3009. (10271.) 2891. ( 9867.) 3.9 

Condensing 
Vapor temperature temp. d i f f .  

K O F  K O F  

327. 8 (1  30.3) 9 .7  (17.5) 

327.4 (129.7) 13.7 (24.7) 

328.9 ( 132.3) 4.3 ( 7.7) 

328.8 (132.2) 6 .7  (12.1) 

326.3 (127.7) 18.3 (32.9) 

~ 

Condensing heat 
t ransfer  coefficient 
W/m2 .K B t u /  hr.ft2-oF 

2029.6  ( 358.0) 

1802.0 ( 317.8) 

2960.9  ( 522.2) 

2429.7 ( 428.5) 

1584.9 ( 279.5) 

E-113-021D TO R-113-024C 15C9. ( 5151.) 1475. ( 5035.) 2.3 327 .2  (129.4) 5.5 (10.0) 2622.6 ( 462.5) 

R-913-0251) TO E - 1  13-02R0 1926. ( 6573. )  1851. ( 631A.) 3.9 326.7 (128.3) 8 .3  (14.9) 2236.8  ( 394.5) 

R-113-029D TO 8-113-0320 lOe7. ( 3709.) 1080. ( 3685.) 0.6 326.8 (128.6) 3.3 ( 5.9) 3199.8 ( 564.3) 

U.2 326.1 (127.2) 7.8 (14.0) 2333.1 ( 911.5) 8-113-0331) TO R-113-0361) 1885. ( 6434. )  1805. ( 6162.) 

R-113-037D TO R-113-040D 943. ( 3218.) 924. ( 3155.) 2.0 327.R (130.4) 2 .6  4.6) 3538.8 ( 624.1) 

R-113-041D TO 8-113-044D 2387. ( 8148.) 2323. ( 7928.) 2.7 327.3 (129.4) 12.7 (22.9) 1808.1 ( 318.9) 

E-113-045D TO R-113-048D 2Re0. ( 9831.) 2804. ( 9569.) 2.7 325.8 (126.7) 16.8 (30.1) 1644.9 ( 290.1) 

8-113-049D TO R-113-0520 1687. 5 7 5 ~ 1 . )  1645. ( 5616.1 2 . 5  327.6 (130 .0)  6 .5  (11.7) 2489.6  ( 439.1) 

R-113-053D TO R-113-056D 2705. ( 9213.) 2640. ( 9011.) 2 . 4  325.4 (126.1) 15.3 (27.5) 1700.7 ( 299.9) 

R-113-057D TO R-113-060D liC6. ( 4116.) 1180. ( 4027.) 2.2 327.8 (130.3) 3.7 ( 6.6) 3156.5 ( 556.7) 

R-113-061D TO R-113-064D 2248. ( 7674.) 2176. ( 7426.) 3.2 326.5 (129.0) 10 .9  (19.6) 1983.9 ( 349.9) 

c -  I* Y c 



Series of runs 
Condenser heat load Condensing Condensing heat 

Dfff, Vapor temperature temp. diff. transfer coefficient Qw 
Btu/hr W Btu/hr K O F  K O F  W/m2*K Btu/hr-ft2aoF 

QC 
w 

R-113-00 1E 

R-113-005E 

B-113-0091 

R-113-0131 

R-1 13-0178 

R-113-0211 

R-113-0251 

8-1 13-02911 

R-113-0338 

R-113-0371 

R-113-04 1E 

8-1 13-0451 

8-113-0493 

8- 1 13- 0 53 F 

TO 

TO 

TO 

TO 

TO 

TO 

TO 

TO 

TO 

TO 

TO 

TO 

TO 

TO 

R-113-0041 

8-1 13-008E 

E-113-012E 

R-113-0 16E 

R-113-0201 

R-113-0291 

R-113-0281 

E-1 13-0321 

E- 1 1 3-0 36E 

E-1 13-040E 

E-1 73-0441 

R-113-048E 

E-1 13-0528 

R-113-0563 

2122. ( 7244.) 

1674. ( 5713.) 

13f2. ( 9546.) 

2574. ( 8785.) 

3058. (10436.) 

1935. ( 6604.) 

3444. (11756.) 

1479. ( S098.) 

1156. ( 3947.) 

2795. ( 9540.) 

3748. ( 1279 3.) 

2339- ( 7983.) 

0043. (13800.) 

1872. ( 6390.) 

2051. ( 7001.) 

1617. ( 5519.) 

1295. ( 4418.) 

2475. ( 8449.) 

2963. (10111.) 

1862. ( 6353.) 

3370. (11502.) 

1405. ( 4796.) 

1110. ( 3802.) 

2709. ( 9246.) 

3658. (12484.) 

2288. ( 7808.) 

3936. (13432.) 

1803. ( 6152.) 

3.4 

3.4 

2.8 

3.8 

3.1 

3.8 

2.2 

5.0 

3.7 

3.1 

2.4 

2.2 

2.7 

3.7 

328.1 (130.8) 

326.9 (128.7) 

326.5 (128.0) 

326.2 (127.5) 

325.6 (126.5) 

327.5 (129.9) 

327.1 (129.1) 

327.8 (130.4) 

327.9 (130.5) 

326.3 (127.7) 

326.0 (127.2) 

327.0 (128.9) 

326.8 (128.6) 

326.9 (128.8) 

5.0 ( 9.0) 

3.4 ( 6.1) 

2.5 ( 4.5) 

6.9 (12.5) 

10.3 (18.5) 

4.5 ( 8.0) 

14.5 (26.1) 

2.9 ( 5.3) 

2.0 ( 3.7) 

8.1 (14.5) 

17.4 (31.3) 

5.7 (10.3) 

20.7 (37.3) 

3.9 ( 7.0) 

2803.9 ( 501.6) 

3331.1 ( 587.5) 

3576.6 ( 630.8) 

2492.6 ( 439.6) 

1991.4 ( 351.2) 

2902.2 ( 511.8) 

1592.2 ( 280.8) 

3396.6 ( 599.0) 

3804.7 ( 671.0) 

2324.2 ( 409.9) 

1492.6 ( 254.4) 

2743.7 ( 483.9) 

1308.0 ( 230.7) 

3204.8 ( 565.2) 

Table 9-22. Smary of experilnental condltions and results from Wilson plots 
for R-113 condensing on vertical tubeE 

8-113-057E TO E-113-06OE 3210. (10954.) 3095. (10561.) 3.6 325.4 (126.1) 11.6 (20.8) 1859.7 ( 328.0) 



Table 6-23. Sumnary of experimental conditions and results from Wilson plots 
for R-113 condensing on vertical tubeF 

Series of runs 
Condenser heat load Condensing Condensing heat 

w B t u / h r  W Btu/hr  K OF K O F  W/m2-K Btu/hr.ft2-OF 
Qc qw Diff. Vapor temperature temp. diff. transfer coefficient 

R-113-005P TO R-113-008F 2062. ( 7079.) 2028. ( 6923.) 1.7 326.2 (127.5) 14.1 (25.3) 1518.8 ( 267.9) 

R-113-009P TO R-113-012F 1188. ( 4055.) 1177. ( 4017.) 1.0 328.1 (130.9) 4.3 ( 7.8) 2856.9 ( 503.9) 

R-113-013P TO R-113-016P 1085. ( 3704.) 1069. ( 3647.) 1.5 328.5 (131.5) 3.6 ( 6.4) 3141.4 ( 554.0) 

R-113-017F TO R-113-020P 1507. ( 5143.) 146U. ( 4998.) 2.R 326.8 (12R.5) 6.9 (12.5) 2246.9 ( 396.3) 

8-113-021F TO E-113-024P 1106. ( 5824.) 1673. ( 5708.) 2.0 328.2 (131.1) 9.6 (17.3) 1837.7 ( 324.1) 

R-113-025P TO R-113-028F 1350. ( 4607.) 1314. ( 4485.) 2.7 327.9 (130.5) 5.2 ( 9-4)  2669.2 ( 470.8) 

8-113-0291 TO R-113-032P 9U8. ( 3234.) 929. ( 3169.) 2.0 328.1 (131.0) 2.7 ( 4.9) 3597.6 ( 634.5) 

8-113-0331 TO R-113-036P 1890. ( 6452.) 1870. ( 6384.) 1.1 327.1 (129.1) 12.3 (22.2) 1585.9 ( 279.7) 

8-113-037P TO R-113-040P 2442. ( 8336.) 2393. ( 8166.) 2.0 327.7 (130.1) 19.2 (34.6) 1315.7 ( 232.0) 

R-113-041P TO R-113-044P 822. ( 2804.) 802. ( 2738.) 2.3 328.0 (130.6) 2.1 ( 3.8) 3989.9 ( 703.7) 

R-113-045P TO R-113-048P 701. ( 2'393.) 686. ( 2340.) 2.2 328.6 (131.9) 1.1 ( 3.0) 4347.6 ( 766.8) 

R-113-049P TO R-113-052P 2294. ( 7828.) 2217. ( 7566.) 3.3 325.2 (125.7) 16-6  (29.9) 1432.0 ( 252-6) 

R-113-053F TO R-113-056P 2680. ( 9146.) 2594. ( 8852.) 3.2 328.0 (130.7) 20.8 (37.4) 1335.5 ( 235.5) 

R-113-057P TO 8-113-06OP 1407. ( 4801.) 1344. ( 4588.) 4.4 323.2 (131.0) 5.6 (10.0) 261R.6 ( Q61.8) 

c - 4  'Y a L 

d 
0 
0 

c 



Table 8-24. Sumnary o f  experimental conditions and r e s u l t s  from Wilson p l o t s  
f o r  R-113 condensing on v e r t i c a l  tubeF1  

Condenser heat  load Condensing Condensing heat 
Diff. Vapor temperature temp. d i f f .  t ransfer  c o e f f i c i e n t  Qw 

OF W/m2.K Btu/hr- f t2-OF 
Serfes o f  runs Q, 

K K OF W Btu/hr W Btu/hr 

R-113-001F1 TO R-113-004P1 1974. ( 6736.) 1976. ( 6743.) -0.1 324.5 (124.5) R.0 (14.5) 2539.9 ( 447.9) 

R-113-005F1 TO R-113-008F1 759. ( 2S91.) 771. ( 2632.) -1.6 326.2 (127.4) 1.8 ( 3.2) 4388.4 ( 774.0) 

R-113-009F1 TO R-113-012F1 1306. ( 4457.) 1288. ( 4396.) 1.4 326.3 (127.7) 4.1 [ 7.3) 3318.1 ( 585.2) 

A-113-013P1 TC R-113-016fl 1025. ( 3499.) 1037. ( 3538.) -1.1 325.3 (125.9) 2.9 ( 5.2) 3708.0 ( 654.0) d 

0, 
R-113-017P1 TO R-113-02021 24€4. ( 840%) 2518. ( 8593.) -2.2 323.0 (121.8) 13.3 (23.9) 1918.6 ( 338.4) 

R-113-021P1 TC R-113-024F1 1673. ( 5709.) 1665. ( 5682.) 0 . 5  324.6 (124.6) 6.0 (10.9) 2872.1 ( 506.5) 

R-113-025P1 TO R-113-02AP1 2257. ( 7'02.) 2206. ( 7530.) 2.2 322.6 (121.0) 10.8 (19.4) 2167.1 ( 382.2) 

R-113-029F1 TO 8-113-032Fl 852. ( 2907.) 862. ( 2943.) -1.2 327.7 (130.2) 2.1 ( 3.8) 4141.7 ( 730.5) 

R-113-033F1 TO R-113-C36Fl 27CO. ( 9213.) 2687. ( 9171.) 0.5 322.6 (120.9) 17.0 (30.6) 1645.4 1: 290.2) 

8-113-037P1 TC R-113-040Fl 1016. ( 3469.) 937. ( 3197.) 7.8 326.2 (127.5) 2.9 ( 5.2) 3616.7 ( 637.9) 

R -  1 13- 04 1 f 1 TC R - 1 1 3-0 44 P 1 1476. ( 5037.) 1519. ( 5186.) - 3 - 0  326.5 (128.1) 5.0 ( 9.0) 3049.0 ( 537.7) 



Table 8-25. Summary o f  experimental conditions and results from Wilson plots 
for R-113 condensing on vertical tubeF3 

Series o f  runs 
Condenser heat load Condensing Condensing heat 

W Btu/hr W Btu/hr K O F  K OF W/mZ-K Btu/hr-ft2e0F 
Diff. Vapor temperature temp. diff. transfer coefficient QC Qw 

R -1 13- 0 13F3 TO R - 1  1 ?-0 16F3 9@6. ( 3364. 

R-113-017F3 TO R-113-020P3 1672. ( 5707. 

A-113-021P3 TO 8-113-024F3 1463. ( 4993. 

R-113-025F3 TO R-113-028P3 2866. ( 97AO. 

8-113-001P3 T O  R-113-004P3 20C1. ( 6831.) 1994. ( 6806.) 0.11 325.2 (125.6) 6 .6  (11.9) 2911.5 ( 513.5) 

8-113-005P3 TO R-113-008F3 2441. ( A330.) 2398. ( 8183.) 1.8 327.1 (129.1) 8 .7  (15.6) 2706.0 ( 477.3)  

R-113-009F3 TO R-113-012F3 1241. ( 4236.) 1254. ( 4280.) -1.1 326.1 (127 .2)  3.U ( 6.1) 3514.7 ( 619.9) 

636.1) 

549.2) 

576.0) 

409.7) 

B-113-029P3 TO R-113-032F3 738. ( 2519.) 741. ( 2530.) -0.U 326.R (12R.S) 1.7 ( 3.1) 4122.2 ( 727.0) 

8-113-033P3 TO R-113-03693 846.  ( 2887.) 850.  ( 2902.) -0 .5  327.2 (129.3) 2.0 ( 3.7) 3970.0 ( 700.2)  

R-113-037F3 TO R-113-0UOF3 971. ( 331U.) 951. ( 3247.) 2 .0  326.2 (127.5) 2.4 ( 4.3) 3887.2 ( 685.6) 

R-113-041P3 T O  8-113-OUUF3 1079. ( 3682.) 1100. ( 3755.) -2.0 326.8 (128.6) 2.7 ( 4.9) 3776.9 ( 666.1) 

1003. ( 3425.) -1.8 326.3 (127.6) 2 .6  ( U.7) 3606.4 

1643. ( 5607.) 1.8 326.3 (127 .7)  5.2 ( 9.3) 3113.9 

1476. ( 503H.) -0.9 326.0 (127.1) 4 .3  ( 7.A) 3265.8 

2845. ( 9710.) 0.7 324.2 (123.9) 11.9 (21.4) 2323.1 

c .  . 
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Table 8-26. Sumnary o f  experlmental conditions and results from Wilson plots 
f o r  R-113 condensing on ver t ica l  tube F7 

Condenser heat load Condens i ng Condensing heat 

W Btu/hr W Btu/hr K O F  K OF W/m2.K Btu/hr.it2."F 
Diff. Vapor temperature temp. d i f f .  t ransfer  coef f i c i  ent Series o f  runs QC Qw 

R-113-001P7 TO 

8-113-005P7 TO 

~ - 1 1 3 - 0 0 9 r 7  TO 

R-113-013P7 TO 

R-113-01117 TO 

R-113-02117 TO 

8-113-025P7 TO 

8-1 13-02917 TO 

R-113-033P7 TO 

R-113-037P7 TO 

8-113-041C7 TO 

0-113-04517 TO. 

R-113-004P7 

R-113-008P7 

8-113-01217 

R-113-016P7 

8-1 13-02OP7 

R-113-024F7 

8-1 13-028P7 

R-113-032P7 

8-1 13-036P7 

R-ll3-04OF7 

R-i i3-044r7 

R-113-048P7 

1975. ( 6702.) 

2401. ( 8195.) 

1289. ( 4400.) 

993. ( 3389.) 

1654. ( 5695.) 

749. ( 2557.) 

892. ( 3044.) 

1164. ( 3972.) 

2235. ( 7628.) 

2948. (10062.) 

24€0. ( 8397.) 

2049. I 6992.) 

1955. 

2410. 

1282. 

1002. 

1662. 

742. 

908. 

1178. 

2205. 

2909. 

2441. 

2033. 

( 6672.) 

( 8224.) 

( 4374.) 

( 3420.) 

( 5674.) 

( 2534.) 

( 3098.) 

( 4021.) 

( 7526.) 

( 9927.) 

( 8330.) 

( 6937.) 

1.0 

-0.4 

0.6 

-0.9 

-0.5 

0.9 

-1.8 

-1.2 

1.3 

1.3 

0.8 

0.8 

325.5 (126.3) 

326.2 (127.5) 

325.5 (126.2) 

326.4 (127.8) 

325.6 (126.4) 

326.3 (127.7) 

325.8 (126.8) 

325.9 (127.0) 

325.7 (126.5) 

324.3 (124.1) 

325.3 (125.9) 

6.0 (10.7) 

8 .2  (14.7) 

3 .3  ( 5.9) 

2.2 ( 4.0) 

4 .5  ( 8.1) 

1 .5  ( 2.7) 

1.9 ( 3.4) 

2.8 ( 5.0) 

6 .9  (12.4) 

10.6 (19.0) 

8 . 1  (14.6) 

326.1 1127.41 6 .3  (11,UI 

3430.9 ( 605.1) 

3038.5 ( 535.9) 

0041.6 ( 712.8) 

4596.e ( 810.7) 

3804.9 ( 671.1) 0 
d 

W 

5267.1 ( 928.9) 

4928.4 ( 869.2) 

4350.3 ( 767.2) 

3360.6 ( 592.7) 

2888.7 ( 509.5) 

3192.4 ( 554.2) 

3364.9 593.5) - . - .  



Table 8-27. Summary of experimental conditions and results from Wilson plots 
for R-114 condensfng on vertical tube A 

~~ 

Condensing heat Condenser heat load Condensing 
Series of runs QC Qw Diff. Vapor temperature temp. diff .  transfer coe f f i c i  ent 

W B t u / h r  W B t u / h r  K O F  K O F  W/m2.K Btu/hr.ft2e0F 

8-114-001A TO 8-1 14-00% 652. ( 2224.) 0.  ( 0 . )  0 .0  310.6 ( 99.5)  7 .8  (14.0) 862 .0  ( 152.0) 

R-114-0061 TO R-114-010A 820. ( 2800.) 0 .  ( 0 . )  0.0 308.8 ( 96.2)  10.1 (18.2) 834.8 ( 147.2) 

R-114-01111 TO R-114-01% 731. ( 2496.) 0.  ( 0 . )  0 . 0  307.7 ( 94.1)  8 .9  (16.0) 844 .2  ( 148.9) 

B-114-016A TO R-114-020A 394. ( 1343.) 0 .  ( 0 . )  0 .0  307.4 ( 93.7)  1 . 2  ( 7.5)  964 .5  ( 170.1) 

R-114-021A TO R-114-025A 511. ( 1744.) 0. ( 0 . )  0 .0  308.1 ( 95 .0 )  6 . 0  (10.8) 878 .3  ( 154.9) 

R-114-026A TO R-114-029A 1976. ( 6745.) 0. ( 0 . )  0 . 0  325.3 (125.8) 25 .8  (46 .4)  787 .6  ( 138.9) 

R-114-030A TO R-114-033A 1756. ( 5992.) 0 .  ( 0 . )  0 . 0  323.1 (121.9) 23 .1  (41.5) 781 .9  ( 137.9) 

R-114-034A TO 8-114-038A 983. ( 3355.) 0. ( 0 . )  0 .0  310.3 ( 98 .8 )  12.9 (23.3) 781 .3  ( 137.8) 

R-114-039A TO R-ll4-043A 1326. ( 4524.) 0.  ( 0 . )  0.0 315.7 (108 .6)  17 .3  (31.2) 785 .3  ( 138.5) 

8-114-044A TO R-114-048A 1171. ( 3997.) 0.  ( 0 . )  0.0 313.2 (104.1) 15.6 (28.1) 770.8 ( 135.9) 

R-114-049A TO 8-114-053A 1500. ( 5120.) 0. ( 0 . )  0 .0  318.5 (113 .7)  19 .9  (35.7) 775 .7  ( 136.8) 

773 .2  ( 136.4) R-114-054A TO 8-11lI-057A 1616. ( 5514.) 0. ( 0 . )  0.0 319.7 (115.8) 21 .5  (38.6) 

8-ll4-058A TO 8-114-061A 1878. ( 6410. )  0. ( 0.)  0 .0  323.6 (122 .7)  24.6 (44.3) 783.9 ( 138.2) 

8-114-062A TO R-114-065A 2116. ( 7222. )  0 .  ( 0 . )  0.0 327.3 (129.5) 27.7 (49.9) 784 .1  ( 138.3) 

R-114-066A TO R-114-069A 1606. ( 5481. )  0. ( 0 . )  0 . 0  317.9 (112.5) 21 .5  (38.7) 767.7 ( 135.4) 

h c c 
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Table E-28. Sumnary of experimental conditions and resu l t s  from Wilson plots 
fo r  R-114 condensing on vertical  tube B 

Series o f  runs 

- 

Condenser heat load Condensing Condensing heat 
QC Qw Vapor temperature temp. d i f f .  transfer coefficient 

W Btu/hr  W B t u / h r  K O F  K O F  W/m*.K' E tu /h r . f t* .OF  

R -  1 14- 00 18 

R-114- 0068 

R-114-0118 

R- 114-0 168 

R-114-021B 

R- 114- 0248 

R-114-029B 

8-  114- 033B 

R-114-0388 

R-114- 043B 

R-114- 048B 

R-  114- 053B 

R-114- 058B 

R-  114- 0638 

R - 1  14-0688 

R-114- 073B 

A - 1  14- 078B 

R-114-083B 

R -  1 14- 088B 

8-114-0938 

R-114- 0978 

TO 

TO 

TO 

TO 

TO 

TO 

TO 

TO 

TO 

TO 

TO 

TO 

TO 

TO 

TO 

TO 

TO 

TO 

TO 

TO 

TO 

R - 1 1 4- 0 058 

R- 1 1  4-0 10R 

R -  1 1 4-0 158 

R-114-0208 

E-1 14-0238 

R-114-0288 

R-114-0328 

R-114-037R 

R-ll4-042B 

R-114-0478 

R-114-052B 

R-114-0578 

R - 1  1 4-0 628  

R-114-067B 

R-114-0128 

R-114-077 B 

R-114-0828 

R-1 1 4-0 87 B 

R-114-0928 

R-114-0968 

R-114-100B 

418. ( 1427.) 

755. ( 2577.) 

592. ( 2021.) 

815. ( 2782.) 

1024. ( 3494.) 

1840. ( 62Al.) 

2189. ( 7469.) 

1596. ( 5446.) 

1177. ( 4017.) 

141R. ( 4838.) 

722. ( 2464.) 

909. ( 3107.) 

683. ( 2331.) 

514. ( 1753.) 

1142. ( 1899.) 
I 

1017. ( 3470.) 

901. ( 3076.) 

2782. ( 9495.) 

2251. ( 76A3.) 

2624. ( 8956.) 

2919. ( 9963.1 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

303.0 ( R5.7) 

305.0 ( 89.3) 

303.8 ( 87.1) 

310.0 ( 98.4) 

310.5 ( 99.3) 

317.8 (112.3) 

310.1 ( 98.5) 

308.0 ( 94.7) 

305.1 ( 89.5) 

307.2 ( 93.3) 

304.5 ( 88.5) 

307.6 ( 94.1) 

305.7 ( 90.7) 

307.7 ( 94.2) 

306.9 ( 92.7) 

306.7 ( 92.4) 

307.3 ( 93.5) 

321.2 (118.5) 

314.9 (107.2) 

318.4 (113.4) 

320.9 (118.01 

2.1 ( 3.9) 

4.1 ( 7.4) 

3.3 ( 5.9) 

4.5 ( 8 .0 )  

5.2 ( 9.4) 

11.9 (21.4) 

14.3 (25.8) 

9 .4  (16.9) 

6.4 (11.4) 

8.1 (14.5) 

3.6 ( 6.5) 

4.9 ( 8.7) 

3.4 ( 6.1) 

2.5 ( 4.5) 

6.6 (11.9) 

5.6 (10.2) 

4.8 ( 8.7) 

20.9 (37.7) 

15.7 (28.3) 

18.9 (34.0) 

21.5 (38.61 

1397.1 ( 246.0) 

1323.7 ( 233.5) 

1904.7 ( 230.1) 

1308.9 ( 230.8) 

1405.7 ( 247.9) 

1109.4 ( 195.7) 

1095.7 ( 193.2) 

1216.6 ( 214.6) 

1325.5 ( 233.8) 

1258.9 ( 222.0)  

1428.2 ( 251.9) 

1340.8 ( 236.5) 

1449.3 ( 255.6) 

1483.0 ( 261.6) 

1240.1 ( 218.7) 

1289.9 ( 227.5) 

1337.1 ( 235.8) 

952.3 ( 167.9) 

1025.1 ( 180.8) 

993.9 ( 175.3) 

973.8 I 171.81 



Table 8-29. Sumiary of experimental conditions and results from Wilson plots 
for R-114 condensing on vertical tubeC 

Series o f  runs 
Condenser heat load Condensing Condensing heat 

Qw Diff. Vapor temperature temp. diff. transfer coefficient 
O F  W/m2-K Btu/hr.ft2.0F 

QC 
W Btu/hr W Btu/hr K OF K 

R-114-001C 

R -  1 1  4- 00 5C 

R-114-009C 

R-114-0 13C 

R-llbOl7C 

R-114-021C 

R-114-027C 

R -  1 14- 03 1C 

A -  1 1  4-035C 

R-114-039C 

8-  1 14- 0 43C 

R-114-047C 

R -  1 14- 0 5 1C 

TO 

TO 

TO 

TO 

TO 

TO 

TO 

TO 

TO 

TO 

TO 

TO 

TO 

R-114-004C 

A-1 1 4-008C 

R -  1 1  4-0 12C 

R-114-016C 

R-114-02OC 

R-llO-024C 

R -  1 1  4-0 30C 

R- 1 14-0 34C 

R-1 14-038C 

R-114-042C 

R-114-046C 

R-114-OSOC 

B-114-054C 

644. ( 2197.) 

742. ( 2534.) 

357. ( 1218.) 

487. ( 1660.) 

817. ( 2789.) 

1526. ( 5210.) 

2125. ( 7254.) 

1848. ( 6306.) 

1226. ( 4185.) 

975. ( 3327.) 

3042. (10382.) 

2382. ( 8129.) 

2678. ( 9142.) 

305.7 ( 90.5) 

307.3 ( 93.4) 

307.3 ( 93.5) 

305.9 ( 90.9) 

309.1 ( 96.8) 

308.6 ( 95.8) 

315.3 (107.9) 

312.0 (1 01.9) 

306.5 ( 92.0) 

308.1 ( 94.9) 

322.4 (120.6) 

316.1 (109.3) 

319.1 (114.7) 

2.8 ( 5.0) 

3.3 ( 5.9) 

1.2 ( 2.2) 

1.8 ( 3.2) 

3.8 ( 6.9) 

9.8 (17.7) 

15.0 (26.9) 

12.6 (22.7) 

7.1 (12.8) 

5.2 ( 9.4) 

22.7 (40.8) 

17.2 (31.0) 

19.5 (35.0) 

2246.6 ( 396.2) 

2184.5 ( 385.3) 

2845.5 ( 501.9) 

2648.6 ( 467.1) 

2059.8 ( 363.3) 

1496.5 ( 263.9) 

1365.6 ( 240.8) 

1410.5 ( 248.8) 

1663.2 ( 293.3) 

1793.8 ( 316.4) 

1289.9 ( 227.5) 

1330.0 ( 234.6) 

1322.7 ( 233.3) 

c ” b 8 
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Table 8-30. Sumary o f  experimental conditions and resu l ts  from Wilson p lo ts  
f o r  R-114 condensing on ver t ica l  tube D 

Series o f  runs 
Condenser heat  load Condensing Condensing heat 

QC Qw Diff. Vapor temperature temp. d i f f .  t ransfer  c o e f f i c i e n t  
W Btu/hr W Btu/hr K OF K OF W/m2.K Btu/hr-ft2.OF 

R-  114-0 0 1D 

R - 1 14- 00 6D 
R-114-011D 

8- 1 14- 0 1 SD 

R-114-0 19D 

R-114-0230 

R-114-027D 

8-114-0310 

R-114-035D 

R-114-039D 

TO 8-114-0058 

TO B-114-010D 

TO R-114-014D 

TO B-114-018D 

TO It-114-022D 

TO R-114-026D 

TO R-114-030D 

TO R-114-034D 

TO R-114-038D ' 

TO R-114-042D 

8-114-0438 TO R-114-046D ' 454. 

R-114-047D TO R-114-OSOD 747. 

8-114-051D TO R-114-054D 835. 

R-114-OSSD TO R-llICOS8D 3068. 

R-114-059D TO 8-114-062D 

8-114-0630 TO R-114-066D 

B-114-067D TO 8-114-070D 

989. ( 3359.) 

1203. ( 4106.) 

1565. ( 5340.) 

2105. ( 7186.) 

1871. ( 6386.) 

1413. ( 4823.) 

1705. ( 5819.) 

1719. ( 5868.) 

1446. ( 4934.) 

601. ( 2053.) 

1548.) 

2550.) 

2850.) 

1047 1. ) 

2710. ( 9250.) 

1907. ( 6510.) 

2349. I 8018.) 

306.5 ( 92.0) 

307.2 ( 93.3) 

306.6 ( 92.1) 

311.7 (101.3) 

309.8 ( 97.9) 

303.8 ( 87.2) 

307.3 ( 93.5) 

307.9 ( 94.5) 

307.1 ( 93.1) 

307.2 ( 93.4) 

306.0 ( 91.2) 

307.7 ( 94.2) 

307.2 ( 93.3) 

320.1 (116.5) 

317.9 (112.6) 

308.9 ( 96.3) 

313.3 (104.3) 

3.3 ( 5.9) 

4.5 ( 8.1) 

7.4 (13.4) 

11.8 (21.3) 

10.2 (18.3) 

6.2 (11.1) 

8.6 (15.5) 

8.8 (15.8) 

6.7 (12.0) 

1.6 ( 2.8) 

1.0 

2.2 

2.7 

20.1 

1.8) 

3.9) 

4.9) 

36.2) 

17.2 (31.0) 

10.2 (18.4) 

13.8 (24.9) 

2882.9 ( 508.5) 

2570.1 ( 453.3) 

2023.6 ( 356.9) 

1712.0 ( 301.9) 

1766.7 ( 311.6) 

2202.8 ( 388.5) 

1898.1 ( 334.8) 

1887.0 ( 332.8) 

2090.4 ( 368.7) 

3683.7 ( 649.7) 

4317.9 ( 761.5) 

3341.2 ( 589.3) 

2928.3 ( 516.5) 

1467.0 ( 258.7) 

1514.5 ( 267.1) 

1797.6 ( 317.0) 

1634.6 ( 288.3) 



Table B-31. Summary of experimental conditions and results from Wilscn plots 
for  R-114 condensing on vertical  tubeE 

Series of runs 
Condenser heat load Condensing Condensing heat 

Diff. Vapor temperature temp. d i f f .  t ransfer  c o e f f i c i e n t  Qw 
O F  W/m2-K Btu/hr.ftZ*OF 

Qc 
W B t u / h r  W Btu/hr K O F  K 

R-114-001E 

R-114-005E 

R- 1 1 U -  009E 

R - 1 14- 0 1 3 E  

R- 114- 0 17E 

R- 1 14- 02 1 E 

R-114-025E 

R-114-029E 

R-114-033E 

B-114-037E 

R-114- O41E 

R- 1 14- 04 5 E  

R-114- 049E 

R-114-053E 

8-11 4- 057E 

R-114- 061 B 

R-114- 065E 

R- 11 4- 06 9E 

E-114-072E 

R - 1 14- 07  6E 

TO 8-1 14-004E 

TO R-1  14-008 E 

TO R-114-OlZE 

TO R-114-0 16 B 

TO R-114-020B 

TO R-114-024 E 

TO R-114-0283 

TO 8-1 14-0 32 E 

TO R-114-036E 

TO R-114-040E 

TO R-114-04UE 

TO 8-1 14-0 48 E 

TO R-114-052E 

TO 8-114-056E 

TO 8-1 14-060E 

TO R-114-064 B 

TO R-114-0683 

TO R-114-071E 

TO 8-1 14-0753 

TO 8-114-079E 

H35. 

6 38. 

762. 

1597. 

1951. 

1006. 

1327. 

1771. 

2 176. 

2067. 

1170. 

1464. 

3299. 

27 27. 

3037. 

2246. 

2563. 

3665. 

2442. 

2635. 

( 2A51.) 

( 2176.) 

( 2601.) 

( 5451.) 

( 6660.) 

( 3432.) 

( 4530.) 

( 6046.) 

( 7427.) 

( 7053.) 

( 399 3.) 

( 4995.) 

(11258.) 

( 9308.) 

(10367.) 

( 7666.) 

( 8748.) 

(12510.) 

( 8334.) 

( 899 2.) 

0.0 

0 . 0  

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

300.8 ( 

302.3 ( 

316.7 ( 

307.0 ( 

309.5 ( 

319.5 ( 

307.6 ( 

309.6 ( 

306.3 ( 91.7) 

304.9 ( 89.1) 

305.7 ( 90.5) 

302.3 ( 84.5) 

304.0 ( 87.6) 

302.1 ( 84.1) 

302.8 ( 85.41 

303.9 ( 87.3) 

306.9 ( 92.7) 

305.6 ( 90.3) 

81.7) 

84.5) 

10.3) 

312.1 (102.0) 

314.2 (105.9) 

92.9) 

97.4) 

15.5) 

94.1) 

97.6) 

321.9 1119.8) 

1.4 ( 2.6) 

1.0 ( 1.8) 

1.3 ( 2.4) 

3.3 ( 6.0) 

4.8 ( 8.6) 

1.7 ( 3.1) 

2.5 ( 4.5) 

4.0 ( 7.2) 

5.8 (10.5) 

5. 1 ( 9.2) 

2.2 ( 4.0) 

2.9 ( 5.2) 

14.4 (25.9) 

10.3 (18.6) 

12.3 (22.2) 

6.5 (11.7) 

8.5 (15.3) 

16.9 (30.5) 

7.6 (13.7) 

9.2 (16.5) 

19.6 (35.2) 

3924.0 ( 692.1) 

4176.1 ( 736.5) 

3864.6 ( 681.6) 

3202.6 ( 564.8) 

2751.8 ( 485.3) 

3884.9 ( 685.2) 

3541.9 ( 624.7) 

2953.6 ( 520.9) 

2496.3 ( 440.3) 

2718.3 ( 479.1 

3524.8 ( 621.7 

3381.0 ( 596.3 

1538.0 ( 271.2 

1770.0 ( 312.2 

1650.1 ( 291.0 

2311.2 ( 407.6 

2013.7 ( 355.1 

1450.3 ( 255.8 

2147.9 ( 378.8 

1924.7 ( 339.5 

R-114-080E TO R-114-082E 3979. (13582.) 0. ( 1363.0 ( 240.4) 

f * c 
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Table 8-32. Summary of experimental conditions and resu l t s  from Wilson plots 
f o r  R-115 condensing on vertical  tube A 

Series of runs 
Condenser heat load Condensing Condensing heat 

QC Qw Diff. Vapor temperature temp. d i f f .  t ransfer  coefficient 
W B t u / h r  W Btu/hr  K O F  K O F  W/m2.K Btu/hr.ftZ-OF 

R -1 15- 009A 

R - 1 1 5- 01 7 A  

R-115-033A 

R - 1 15- 0371  

R-115-04 O A  

H -1 15- 04 @A 

R - 115-048A 

TO 8-115-02OA 

TO It-115-036A 

TO It-1 15-039 A 

TO R-115-043 A 

TO R-115-047A 

TO E-115-05111 

TO It-115-01211 481. ( 1643.) 479. 

362. ( 1236.) 358. 

311. ( 4474.) 1322. 

623. ( 5 5 3 % )  1649. 

858. ( 2929.) 857. 

097. ( 3742.) 1096. 

667. f 2776.) 673. 

( 1636. ) 0.5 303.0 ( 85.8) 5.7 (10.3) 859.8 ( 151.6) 

( 1222. ) 1.2 302.7 ( 85.2) 4.3 ( 7 . 7 )  867.7 ( 153.0) 

( 4514.) -0.9 309.8 ( 97.9) 16.0 (28.9) 839.4 

( 5628.1 -1.6 312.1 (102.1) 19.7 (35.5) 844.2 

( 2925. ) 0. 1 310.1 ( 98.5) 10.6 (19.2) 827.8 

( 3741.) 0.0 309.5 ( 97.4) 13.6 (24.4) 830.2 

48.0 

48.9 

46.0 

46.4 

( 2298.) -1.0 310.8 ( 99.8) 8.1 (14.6) 842.7 [ 148.6) 

.. . 



Table B-33. Sumnary o f  experimental conditions and resu l ts  from Wilson p l o t s  
f o r  R-115 condensing on v e r t i c a l  tube p 

Series o f  runs 

Condenser heat load Condensing Condensing heat 
Qw D,ff. Vapor temperature temp. d i f f .  t ransfer  c o e f f i c i e n t  

OF W/m2.K Btu/hr-ft2.OF 
Qc 

W Btu/hr W Btu/hr K O F  K 

8-115-005D TO R-115-008D 522. ( 1781.) 527. ( 1799.) -1.0 311.2 (100.5) 3.1 ( 5.6) 1623.0 ( 286.2) 

R-115-009D TO 8-115-012D 394. ( 1345) 411. ( 1403.) -4.3 311.5 (101.1) 2.1 ( 3.8) 1796.0 ( 316.8) 

R-115-013D TO R-115-016D 1336. ( 4560.) 1360. ( 4640.) -1.8 308.8 ( 96.2) 9.7 (17.5) 1321.0 ( 233.0) 

8-115-017D 

8-115-021D 

R-115-O25D 

R-115-029D 

R-115-033D 

R- 11 5- 037D 

8- 115- 04 1D 

E- 1 1 5- 045D 

TO 

TO 

TO 

TO 

TO 

TO 

TO 

TO 

R-115-0 20 D 

R-115-0 24 D 

8-1 15-02813 

B-115-032 D 

R-115-0 36 D 

8-1 15-040D 

R-115-044D 

R-115-0 48 D 

809. 

1598. 

311. 

1121. 

668. 

1744. 

977. 

1948. 

( 2759.) 

( 5452.) 

( 106 1.) 

( 3827.) 

( 228 1. ) 

( 5952.) 

( 333 4. ) 

( 6649.) 

800. ( 2729.) 

1638. ( 5589.) 

333. ( 1137.) 

1130. ( 3855.) 

641. ( 2189.) 

1779. ( 6071.) 

972. ( 3318.) 

1959. ( 6687.) 

1. 1 

-2. 5 

-7.2 

-0.7 

4.1 

-2.0 

0.5 

-0.6 

310.6 ( 99.4) 

308.3 ( 95.2) 

311.9 (101.7) 

309.8 ( 98.0) 

311. 1 (100.3) 

308.5 ( 95.6) 

310.5 ( 99.3) 

310.7 ( 99.5) 

5.4 ( 9.8) 

12.0 (21.6) 

1.5 ( 2.7) 

8.1 (14.6) 

4.2 ( 7.5) 

13.2 (23.7) 

6.7 (12.1) 

14.9 (26.8) 

1429.9 ( 252.2) 

1281.7 ( 226.J) 

1982.1 ( 349.6) 

1332.9 ( 235.1) 

1535.1 ( 270.7) 

1274.0 ( 224.7) 

1397.9 ( 246.5) 

1257.9 ( 221.9) 

c .  t 
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Table B-35. Sumnary of experimental conditions and results frbm Wilson plots 
for R-115 condensing on vertical tubeE 

Series o f  runs 
Condenser heat load Condensing Condensing heat 9, W Diff. Vapor temperature temp. diff. transfer coefficient 

w Btu/hr W Btu/hr K OF  K OF W/m2-K Btu/hr-ft2.'F 

8-115-0051 TO R-115-008E 16 57. 

R-115-009E TO R-115-0123 6 35. 

R-115-0171 TO E-115-0201 1189. 

E-115-0218 TO 8-115-0243 1869. 

R-115-025B TO 8-1 15-0283 890. 

5655. 

2166. 

4058. 

6378. 

3038. 

1678. 

614. 

1190. 

1891. 

879. 

5729.) -1.3 310.1 ( 98.4) 7.3 (13.1) 1529.3 ( 269.7) 

2096.) 3.3 311.3 (100.7) 1.7 ( 3.0) 2532.6 ( 446.7) 

4061.) -0.1 310.8 ( 99.8) 4.4 ( 7.9) 1814.2 ( 320.0) 

6452.) -1.2 309.2 ( 96.9) 8.6 (15.4) 1462.9 ( 258.0) 

2999.) 1.3 311.9 (101.7) 2.9 ( 5.1) 2088.2 ( 368.3) 

E-115-0291 TO R-115-0323 2257. ( 7704.) 2292. ( 7822.) -1.5 308.4 ( 95.5) 11.2 (20.1) 1354.4 ( 238.9) 

E-115-0331 TO 8-115-0363 1383. ( 4720.) 1386. ( 4729.) -0.2 310.5 ( 99.2) 5.5 ( 9.8) 1695.6 ( 299.1) 

8-115-037B TO 8-115-040E 2382. ( 8128.) 24lU. ( 8239.) -1.4 308.1 ( 94.9) 12.0 (21.6) 1329.1 ( 234.4) 

8-115-0411 TO R-115-044E 2636. ( 8997.) 2647. ( 9034.) -0.4 308.9 ( 96.3) 13.6 (24.5) 1299.1 ( 229.1) 
-_____-- ._~-  
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Table 8-37. Summary of experimental conditions and results from Wilson plots 
for R-115 condensing on vertical tubeFl 

Series of runs 
Condenser heat load Condensing Condensing heat 

W Btu/hr W Btu/hr K OF K OF W/m2.K Btu/hr-it2.0F 
QC Qw Diff. m o r  temperature temp. diff. transfer coefficient 

R-115-001Fl TO 8-115-004P1 

R-115-00511 TO R-115-008Pl 

8-115-00911 TO 8-115-012Pl 

8-115-013F1 TO 8-1 15-016P1 

8-115-01711 TO 8-115-02OPl 

8-115-02111 TO 8-115-02411 

8-115-025Fl TO 8-1 15-028Pl 

R-115-029Fl TO R-115-032Pl 

R-115-033Pl TO 8-115-036Fl 

8-115-037F1 TO 8-115-040P1 
_l_l .. - 

lU27. ( 4R71.) 1464. ( 4997.) 

2068, ( 7057.) 2081. ( 7103.) 

449. 

179. 

1532. 

402 3. 

585. 1995. 

793. 6120. 

885. ( 3020.) 

2129. ( 7265.) 

361. ( 1232.) 

732. ( 249%) 

458. ( 1564. 

1211. ( 4133. 

593. ( 2022. 

1811. ( 6183. 

880. ( 3004.) 

2135. ( 7286.) 

383. ( 1307.) 

734. ( 2507.) 
. - -.. 

-2. 6 

-0.7 

-2. 1 

-2.7 

-1.4 

-1.0 

0.5 

-0.3 

-6.0 

-0.3 . ._ 

309.5 ( 97.3) 

310.9 (100.0) 

311.7 (101.4) 

310.8 ( 99.8) 

312.0 (101.9) 

308.1 ( 94.9) 

311.8 (101.5) 

312.2 (102.3) 

312.1 (102.1) 

311.9 (101.7) _._. - -_- . . 

9.7 (17.4) 

15.6 (28.0) 

1.9 ( 3.5) 

7.7 (13.9) 

2.9 ( 5.2) 

13.0 (23.3) 

5.3 ( 9.5) 

16.1 (29.0) 

1.3 ( 2.3) 

4.1 ( 7.4) 
.. .. - 

1527.9 ( 269.5) 

1374.8 ( 242.5) 

2405.5 ( 424.2) 

1580.6 ( 278.R) 

2115.1 ( 373.0) 

1433.7 ( 252.9) 

1735.3 ( 306.0) 

1368.5 ( 241.4) 

2888.9 ( 509.5) 

1842.1 ( 324.9) - _. - - - - - 
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ô
 

Iy, 
0
 

c
 I
 

f
 

c
 

m
 

VI 
Q

, 

- Y
)
 

m
 

0
 

m
 

0
 

r; n
 

I- 
N
 

d
 

W
 

w
 

m
 

W
 

(D
 

f
 

c
 

0: Q
, 

N
 

W
 
I
 

d b
 

m
 

c
 

m
 

b4 
e? 
0
 

j: c c l a 

0
 

k
 

m
 

0 0
 

x c c l a - c t 
W
 

N
 

YI 
- m

 
m

 
W

 
e
 

N
 

N
 
u
 

VI 
c
 

3
 

c
 

c
 

w
 

0
 

I- . c c m
 

W
 
4
 

n
 

m
 

m
 

In
 
c
 

w
 

m
 U t 

1
 

i Q
, 

0
 
c
 
- . O

D 
0
 

U
 

m
 

L
 

9 j: c c I O
I 

0
 

k
 

b4 
01 
0
 

0
 

m
 

A c c l a 

115 

. c c u m
 

W
 . 0
 

0
 
c
 
u
 

0
 

c
 
c
 

m
 

t
 

d n
 

0
 

N
 

0
 

f
 

w
 

m c 
c
 

c
 

vi m
 

0
 

b
 
u
 

N
 

Q
 
c
 
c
 

m
 

L
 

2
 
lil r c I 
OE 

ô
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Table 8-39. Summary of experimental conditions and results from Wilson plots 
for R-115 condensing on vertical tubeF7 

Series of runs 
Condenser heat load Condensing Condensing heat 

W Btu/hr W Btu/hr K O F  K O F  W/m2-K Btu/hr.ft2.'F 
QC Qw Vapor temperature temp. diff. transfer coefficient 

8-115-00117 TO 8-115-00417 2084. ( 7113. )  2097. ( 7 1 5 6 . )  -0 .6  306 .8  ( 92.5)  1 0 . 3  (18.6)  2 0 8 8 . 8  ( 368.4 

8-115-005P7 TO 8-llS-OO8F7 349. ( 1 1 9 0 . )  378. ( 1290. )  -8 .4  3 1 1 . 5  (101 .1)  0 . 9  [ 1.7)  3837.1 ( 676.7 

8-115-00917 TO 8-115-012P7 1194. ( 4 0 7 6 . )  1225. ( 4183. )  -2 .6  310.0 ( 98.3)  5 . 1  ( 9.2)  2429.6  ( 428.5 

R-115-012'7 TO R-115-016P7 589. ( 2009. )  614.  ( 2 0 9 6 . )  - 4 . 3  311 .1  (100 .3)  1 . 9  ( 3.4)  7215.8  ( 567.2 

~ - 1 i 5 - 0 1 7 r 7  TO R - I I S - O ~ O P ~  1793. ( 6118. )  1836. ( 6266. )  - 2 . 4  307.4 ( 93.7)  8 . 9  (16.0)  2 0 8 3 . 8  ( 367.5 

8-115-021P7 TO 8-115-024P7 441. ( 1 5 0 7 . )  469.  ( 1602. )  - 6 . 4  311.1 (100 .4)  1 .3  ( 2.3) 3541.2  ( 6 2 4 . 6 )  

8-115-02517 TO R-115-028P7 900. ( 3073.)  926. ( 3162. )  -2.9 310.5 99 .3)  3 . 5  ( 6.2) 2 7 0 2 . 9  ( U76.7) 

8-115-029P7 TO 8-1 15-032P7 748. ( 2551. )  771.  ( 2 6 3 0 . )  - 3 . 1  310.9 (100 .0)  2 .7  ( 4.9)  2 8 5 5 . 1  ( 5 0 3 . 6 )  

R-115-033F7 TO 8-115-036P7 1472. ( 5024. )  1531 .  ( 5 2 2 5 . )  -4 .0  308.9 ( 96.4)  6 . 8  (12 .2)  2 2 5 4 . 3  ( 3 9 7 . 6 )  

c .  z w I c 
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Table B-40. Sumary o f  experimental conditions and resu l t s  from Wilson plots 
fo r  R-115 condensing on vertical  tubeG 

Condenser heat load Condensing Condensing heat 
Vapor temperature temp. d i f f .  transfer coefficient Qw 

O F  W/m2.K Btu/hr.ft*-OF 
Series o f  runs QC 

W B t u / h r  W B t u / h r  K "F K 

R-115-005G TO R-115-008G 379. ( 1292.) 401. ( 1368.) -5.8 311.9 (101.7) 2.5 ( 4.5) 1315.1 ( 231.9) 

R-115-009G TO R-115-012G 751. ( 2563.) 739. ( 2521.) 1.7 311.3 (100.7) 6.1 (11.0) 1075.2 ( 189.6) 

R-115-013G TO 8-1 15-0166 1713. ( 5845.) 1700. ( 5802.) 0.7 310.5 ( 99.2) 14.9 (26.8) 1006.1 ( 177.4) 

R-115-017G TO R-115-02OG 494. ( 1686.) 491. ( 1676.) 0.6 311.6 (101.2) 3.5 ( 6.4) 1220.1 ( 215.2) 

R-115-O2lG TO R-115-0246 1032. ( 3522.) 1018. ( 3473.) 1.4 310.2 ( 98.7) 8.6 (15.5) 1009.8 ( 185.2) 

R-115-025G TO R-115-0286 1385. ( 4726.) 1390. ( 4743.) -0.4 309.2 ( 97.0) 11.8 (21.3) 1024.1 ( 180.6) 

R-115-0296 TO R-115-0326 1178. ( 4022.) 1181. ( 4032.) -0.2 310.0 ( '48.3) 9.9 (17.9) 1039.7 ( 183.4) 

8-115-0336 TO R-115-035G 1841. ( 6284.) 1845. ( 6299.) -0.2 311.4 (100.8) 15.9 (2R.7) 1011.9 ( 178.5) 
- - __- ._ - - - ... . - . ._. - .. . . _. - ^._____ -___-- -_.__ 



Table  8-41. Sumiary o f  experimental condi t ions and r e s u l t s  from Wilson p l o t s  
f o r  R-115 condensing on v e r t i c a l  tube H 

S e r i e s  o f  runs 

Condenser h e a t  load Condensing Condensing heat  

W Btu/hr W Btu/hr K O F  K OF W/m2.K Btu/hr . f t2 .0F 
Qc QVJ Diff. l a g o r  temperature temp. d i f f .  t r a n s f e r  c o e f f i c i e n t  

R-114-0058 TO R-115-0088 923. ( 1783.) 541. ( 1845.) -3.5 311.4 (100.8) 1.7 ( 3.1) 1844.5 ( 325.3) 

R-115-009H TO R-115-0128 842. ( 2872.) 852. ( 2909.) -1.3 311.1 (100.3) 3.4 ( 6.1) 1517.7 ( 267.7) 

R-115-013H TO 8-115-0168 2113. ( 7211.) 2169. ( 7404.) -2.7 308.9 ( 96.4) 10.0 (18.1) 1286.7 ( 226.9) 

R-115-0178 TO E-115-020R 1206. ( 4116.) 1212. ( 4135.) -0.5 310.7 ( 99.7) 5.3 ( 9.6) 1387.9 ( 244.R) 

8- 1 15- 02 1H 

R- 1 15- 0258 

R-115- 02914 

R-115-0338 

R-115-037~ 

R- 1 15- 04 1 H 

R-115-0468 

R- 1 15- 05 OH 

TO 

TO 

TO 

TO 

TO 

TO 

TO 

TO 

R-115-0 24 H 

R-115-O28H 

R-115-0328 

8-115-0368 

R-115-0408 

R-115-0458 

R-115-0498 

8-115-0538 

c. 

2435. 

1536. 

2875. 

7 15. 

1822. 

1217. 

7 15. 

2990. 

( 8311.) 2461. ( 8399.) 

( 5243.) 1561. ( 5328.) 

( 9812.) 2889. ( 9860.) 

( 244 1.) 697. ( 2377.) 

( 6218.) 1867. ( 6373.) 

( 4153.) 1227. ( 4187.) 

( 2440.) 709. ( 2419.) 

(10203.) 3006. (10260.) - - ____I__. __ . . .- 

-1.1 

-1.6 

-0.5 

2.6 

-2.5 

-0.8 

0.8 

-0.6 

308.7 ( 96.0) 

310.6 ( 99.4) 

309.6 ( 97.6) 

311.3 (100.6) 

309.7 ( 97.8) 

310.9 ( 99.9) 

311 -3 (1 00.7) 

309.5 f 97.4) 

11.7 (21.0) 

7.2 (12.9) 

14.0 (25.2) 

2.6 ( 4.7) 

8.6 (15.5) 

5.4 ( 9.8) 

2.6 ( 4.7) 

14.5 (26.11 

1276.8 ( 225.2) 

1310.8 ( 231.2) 

1256.6 ( 221.6) 

1656.6 ( 292.2) 

1296.3 ( 228.6) 

1371.9 ( 241.9) 

1663.6 ( 293.4) 

1259.7 f222.2) 

c 
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Table 8-42. Sumnary of experimental conditions and results from Wilson plots 
for R-115. condensing on vertical tube J 

Series o f  runs 
Condensing heat Condenser heat load Condensing 

Qc Qn D,ff. Vapor temperature temp. diff. transfer coefficient 
W Btu/hr W Btu/hr K OF K OF W/m2.K Btu/hr-ft2.OF 

8-115-8015 TO R-115-0043 429. ( 1463.) 434. ( 1482.) -1.3 311.1 (100.3) 2.5 ( 4.5) 1777.4 ( 313.5) 

8-115-0095 TO R-115-0125 318. ( 1085.) 334. ( 1139.) -5.0 311.5 (101.0) 1.6 ( 2.8) 2083.0 ( 367.4) 

R-115-6135 TO R-115-0165 793. ( 2707.) 791. ( 2700.) 0.3 310.7 ( 99.5) 6.0 (10.9) 1345.8 ( 237.3) 
4 
d 

8-115-0175 TO R-115-0205 1469. ( 5014.) 1461. ( 4985.) 0.6 308.2 ( 95.0) 12.8 (23.1) 1176.4 ( 207.5) w 

8-115-0215 TO 8-115-0245 959. ( 3274.) 954. ( 3257.) 0.5 310.5 ( 99.2) 7.5 (13.5) 1311.7 ( 231.3) 

R-115-0253 TO R-115-0285 1711. ( 5840.) 1724. ( 5883.) -0.7 311.4 (100.8) 15.3 (27.6) 1145.3 ( 202.0) 

~-1is-029~ m 1t-ii5-032~ 1187. ( 0052.) 1200. ( 4094.) -1.0 310.1 ( 98.5) 9.8 (17.6) 1242.2 ( 219.1) 

8-115-0335 TO R-115-0365 1885. 6432.) 1859. ( 6346.) 1.3 312.6 (103.0) 17.0 (30.7) 1134.6 ( 200.1) 

2.0 310.9 (100.0) 3.7 ( 6.7) 1582.2 ( 279.0) 8-115-0375 TO I-1 15-0405 578. ( 1974.) 567. ( 1935.) ____ __ __ -. - _ _  ---- -.- 



Table 8-43. Sumary o f  experimental cond i t i ons  and r e s u l t s  from Wilson p l o t s  
f o r  R-600a condensing on v e r t i c a l  tube A 

Ser ies o f  runs 

Condenser heat l oad  Condensing Condensing heat 
Vapor temperature temp. d i f f .  t r a n s f e r  c o e f f i c i e n t  Qw 

OF W/m2.K Btu/hr.f t2a0F 
QC 

W Btu/hr  W Btu/hr  K O F  K 

R-600A-001A TO R-6COA-004A 491. ( 1674.) 515. ( 1758.) -5.0 301.9 ( 83.8) 4.5 ( 8.1) 1125.7 ( 198.5) 

8-600A -005A TO R-6 0 OA- 00 8A 828. ( 2828.) 864. ( 2949.) -4 .3 306.4 ( 91.9) 8.5 (15.4) '496.7 ( 175.8) 

R-600A-0091 TO 8-600A-0121 1159. ( 3954.) 1194. ( 4077.) -3 .1 310.4 ( 99.0) 12.4 (22.4)  957.8 ( 168.9) 

8-6OOA-013A TO 8-600A-016A 1355. ( 4625.) 1372. ( 4682.) -1.2 312.5 (102.9)  14.8 (26.6) 940.1 ( 165.8) 

R-600A-017A TO R-600A-020A 1705. ( 5819.)  1725. ( 5889.) -1.2 317.5 (111.9) 18.8 (33.9) 928.9 ( 163.8) 

R-600A-021A TO 8-600A-024A 2187. ( 7464. )  2211. ( 7545.) -1 .1 322.7 (121.1) 24.4 (43.9)  920.7 ( 162.4) 
___ __ . - _ .  I-*--- 

c '* c 
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TableB-44 . Smmary of experimental conditions and results from Wilson plots 
for R-600a condensing on vertical tube E 

Condenser heat load Condensing Condensing heat 
sb Vapor temperature temp. diff. transfer coefficient 9, 

K "F W/m2-K Btu/nr.ft2."F 
Series of runs QC 

Btu/hr W Btu/hr K "F w 

R-600R-001E TO R-LCOA-OOUE 895. ( 3053.) 914. ( 3120.) -2.2 298.7 ( 78.0) 1.0 ( 1.8) 5898.0 (1040.2) 

A-6001-005E TO R-600A-OOAE 1376. ( 4696.) 1394. ( 4757.) -1.3 299.9 ( 80.1) 1.8 ( 3.3) 4988.6 ( 879.8) 

R-600A-009E TO R-COOA-Ol2E 1720. ( 5870.) 1736. ( 5925.) -0.9 303.1 ( 86.0) 2.5 ( 4.6) 4535.0 ( 799.8) 

R-6001-013E TO R-6001-016E 2196. ( 7496.) 2182. ( 7446.) 0.7 301.1 ( 82.3) 3.7 ( 6.7) 3923.6 ( 692.0) 

R-600A-Ol7E TO R-6001-020E 2685. ( 9162.) 2681. ( 9149.) 0.1 304.1 ( 87.A) 6.3 (11.3) 2863.3 ( 505.0) 

R-600A-021E TO R-600a-024E 3009. (10269.) 2995. (10222.) 0.5 307.9 ( 94.5) 8.5 (15.2) 2385.0 ( 420.6) 

E-600A-025E TC R-6001-028E 3678. (12553.) 3724. (12711.) -1.3 313.9 (105.4) 12.8 (23.0) 1931.7 ( 340.7) 

R-600A-029E T O  E-6001-032E 3338. (11392. ) 3332. (11372.) 0.2 311.7 (101.4) 10.9 (19.7) 2047.9 ( 361.2) 

R-6COA-033E TO A-600A-03hE 2459. ( 8393.) 2453. ( 8372.) 0.2 303.6 ( 86.9) 4.9 ( 8.8) 3366.7 ( 593.8) 



Table 8-45. Sumnary of experimental conditions and results from Wilson plots 
for R-600a condensing on vertical tube F 

Serles of runs 
Condenser heat load Condensing Condensing heat 

W Btu/hr W Btu/hr K O F  K O F  W/m2-K Btu/hr-ft2a0F 
Diff. Vapor temperature temp. diff. transfer coefficient Qw QC 

R-600A-001P TO R-60OA-OO4P 634. ( 2164.) 604. ( 2060.) U.8 310.9 (100.0) 1.1 ( 2.0) 6049.8 (1067.0) 

R-600A-005P TO B-600A-008P 1031. ( 3520.) 1003. ( 3425.) 2.7 310.4 ( 99.1) 2.5 ( 4.5) 4319.3 ( 761.8) 

R-600A-013P TO A-6001-016F 1362. ( 4649.) 1358. ( 4636.) 0.3 309.8 ( 97.9) 4.7 ( 8.4) 3010.4 ( 530.9) 

R-600A-017P TO R-600A-020F 1565. ( 5341.) 1549. ( 5287.) 1.0 308.4 ( 95.4) 6.1 (11.0) 2643.4 ( 466.2) 

8-600A-021P TO R-600A-024P 1966. ( 6710.) 1961. ( 6694.) 0.2 310.3 ( 98.8) 9.2 (16.6) 2209.0 ( 389.6) 

0.2 308.7 ( 95.9) 12.5 (22.5) 1956.7 ( 345.1) R-600A-025P TO R-600A-028F 

d 

)3 Io 

- 2358. ( 8047.) 2353. ( 8030.) 
_~.-_-_.I_.__- -- _____ .___ ________ ___-___ ~- 

Q-- " c 41 c 



Table 8-46. Sumnary o t  experimental conditions and resu l ts  from Wilson p lo ts  
f o r  R-600a condensing on ver t ica l  tube F3 

Condenser heat load Condensing Condensing heat 
Diff. Vapor temperature temp. d i f f .  t ransfer  coef f ic ient  

Qw 
K O F  K O F  W/mZ.K Btu/hr.ft2.OF 

Series o f  runs QC 
W Btu/hr W Btu/hr 

R-600A-00113TO R-6001-00413 616. ( 2103.) 616 .  ( 2103.) 0.0 311.0 (100.1) 0 . 8  ( 1.5) 7788.5  (1373.6) 

R-60OA-005P3TO R-6001-008?3 913. ( 311 5.) 910. ( 3107.) 0 . 2  310.7 ( 99.5) 1.5 ( 2.8) 6179.3 (1089.8) 

R-60OA-OO913TO 8-6001-012F3 1217. ( 4154.) 1218. ( 4156.) -0.0 310.2 ( 98.7) 2 .3  ( 4.2) 5445.7 ( 960.4) 

8-6001-0131320 R-6001-01613 1531. ( 5225.) 1535. ( 5238.) -0 .3  308.6 ( 95.9) 3 .2  ( 5.7) 4993.5 ( 880.7) 

B-600A-01713TO 8-6001-0201’3 1826. ( 6232.) 1819. ( 6208.) 0 .4  309.1 ( 96.7) 4 .0  ( 7.2) 4752.6 ( 838.2) 

R-600A-02113TO R-600A-02413 2182. ( 7448.) 2172. ( 7412.) 0 . 5  308.6 ( 95.8) 5 .4  ( 9.6) 4221.6  ( 744 .6 )  

R-600A-02513TO R-600A-02813 2458. ( 8390.) 2422. ( 8266.) 1.5 308.1 ( 90.9) 6 .5  (11.6) 3940.0  ( 694.9)  

8 .3  (14.9) 3536.2 ( 623.7) 
. -  0 .4  305.9 ( 90.9) R-6001-02913TO R-6001-03213 2830. ( 9660.) 2819. ( 9621.) _._ - - .. . 
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APPENDIX C 

EXPERIMENTAL DATA 

Tables C-1 through C-46 document 2464 runs which yielded 550 data 
points or Wilson plots. 
in data reduction. In addition, the tables list saturation pressures 
and heat balance checks. Velocities are presented along with Reynolds 
numbers for the water flows. Also, overall heat transfer coefficients 
are tabulated. 
for data reduction, and the runs are grouped in series corresponding to 
Wilson plots. 

The tables summarize the experimental data used 

The information was generated by a computer code used 

Several series of runs were discarded because of problems 
with operation and/or instrumentation. 



Table C-1 . Experimental data for R-11 condensing on tube A 

~~ 

Run No. T” * P s  Psat* Fcs Tc, ic. Fws ” *  Re Tw,ins Tw,pts ATws Tifs Qc9 Qd ax loo “ 0 ,  
Btu 

hr.ft2.0F 
OF psia psia gprn OF l b d h r  gprn ft/sec OF F OF OF * Btu/hr Btu/hr Q 

8-1 1-0 37  A 
R-11-0 38A 
R-11-0 3 9 A 
R- 1 1-0 4 0 A 

R-  1 1-0 4 1A 
R- 11-0 421  
R- 1 1-0 43  A 
8-11-044A 

8- 11-0 45A 
R- 11-0 46  A 
8- 11-0 47  A 
R-11-0 48A 

R- 1 1-0 49A 
R- 1 1 -0 50 A 
R-11-051 A 
R- 11-0 52A 

R- 1 1-0 5 3  A 
8-1 1-0541 
E- 11-0 55A 
R-11-0 56A 

E-11-057A 
R-11-058A 
8- 1 1-0 59 A 
R-11-060A 

R-11-0 61 A 
R- 1 1-0 6 2  A 
8-11-063A 
8-11-064A 

8- 1 1-0 65  A 
8- 11-0 6 6 1  
R- 11-0 67A 
R-11-068A 

R-11-0 69A 
R- 1 1-0 70A 
8-11-071A 
E-1 1-072A 

8-11-073A 
E-11-0741 
R- 1 1-0 7 5  A 
8- 11-0 7 6A 

8-11-077A 
R- 1 1-0 7 8  A 
8-11-0791 
R-11-0 B O A  

108.87 
110.90 
111.42 
113.86 

98 .40  
99.07 
99.47 

100.88 

101.33 
102.12 
102.79 
104.57 

115.28 
117.69 
119.17 
122.11 

120.86 
123.40 
125.42 
129.34 

126.17 
128 *84 
130.90 
135.99 

104.57 
105.81 
106.53 
108 .74  

120.42 
123.21 
125.37 
130 .13  

109.94 
112.42 
114.13 
117.81 

122.18 
124.19 
126.26 
132.93 

94 -50  
94 ;so 
95 -27  
96.43 

27.2 
28.0 
28.5 
29.9 

23 .0  
23.4 
23.7 
24.0 

24 .0  
24.4 
24. 7 
25. 4 

30.0 
31.2 
32.2 
33.7 

32.9 
34.2 
35.4 
37.7 

35.7 
37.4 
38.7 
41 -9  

25.0 
25.7 
26.2 
27.2 

32.7 
34.2 
35.4 
38.2 

27.5 
28.7 
29.7 
31.5 

33.7 
34.9 
36.0 
39.9 

21.0 
21.4 
21.4 
21.9 -- - 

27. 4 
28.1 
28.6 
29.8 

22.8 
23.1 
23.2 
23.8 

24.0 
24.3 
24. 6 
25.4 

30.5 
31.7 
32.5 
34.1 

33.4 
34.8 
36.0 
38.3 

36.4 
38.0 
39.2 
42. 4 

25.4 
26.0 
26.3 
27.3 

33 .2  
34.7 
35.9 
38.7 

27.9 
29.1 
29.9 
31.8 

34.1 
35.3 
36.4 
40.5 

21.3 
21.4 
21.6 
22.0 - 

0.0807 97.63 
0.0807 99.78 
0.0815 101.54 
0.0803 iou.02 

0.0483 88.24 
0.0483 88.73 
0.0479 89.07 
0.0175 90.10 

58.57 
58.45 
58 .92  
57.90 

35.37 
35.35 
35.02 
34.67 

0.0575 89.67 42.00 
0.0583 91.34 42.53 
0.0581 92.14 42.34 
0.0571 93.92 41.80 

0.1054 105.88 
0.1064 109.06 
0.1064 110.79 
0.1062 1 1  3.57 

0.1228 110.05 
0.1223 113.37 
0.1231 116.26 
0.1240 120.59 

75.89 
76.35 
76.22 
75.86 

88.0 1 
87.37 
87.68 
87.95 

0.1482 119.35 105.26 
0.1474 12 1.87 104.42 
0.1478 124.07 104.52 
0.1488 128.97 104.65 

0.0698 92.99 
0.0700 94.67 
0.0702 95.63 
0.0700 98.04 

0.1349 1 1  1.38 
0.1355 114.67 
0.1362 117.41 
0.1368 122.41 

50.82 
50.90 
51 .01  
50.73 

96.57 
96 .67  
96.96 
96. 87 

0.0915 98 .00  68.52 
0.0958 102.26 69.21 
0.0962 104.63 69 .33  
0.0960 108.39 68.90 

0.1570 113.72 112.13 
0.1577 116.42 112.37 
0.1582 l lR.70  112.42 
0.1616 126.03 114.02 

0.0359 83.28 26.39 
0.0359 83.68 26.38 
0.0357 83.89 26.21 
0.0357 84.62 26.20 -- 

21.8 
7 .6  
5 .2  
3 . 0  

21.8 
7 .6  
5 . 2  
3.0 

21.8 
7 . 6  
5 .2  
3 .0  

21 .8  
7 . 6  
5 .2  
3.0 

21.8 
7 . 6  
5 .2  
3.0 

21 .5  
7 .6  
5 .2  
3.0 

21.8 
7 . 6  
5 . 2  
3 .0  

21.8 
7 . 6  
5 . 2  
3.0 

21.8 
7 . 6  
5 .2  
3.0 

21.8 
7 . 6  
5 . 2  
3 .0  

21.8 
7.6 
5 .2  
3.0 

17. 6 
6. 1 
4. 2 
2.4 

17.6 
6. 1 
4.2 
2 .4  

17 .6  
6. 1 
4 .2  
2. 4. 

17.6 
6. 1 
4. 2 
2. 4 

17.6 
6.1 
4.2 
2. 4 

17. 3 
6 .1  
4.2 
2. 4 

17.6 
6.1 
4. 2 
2.4 

1 7.6 
6.1 
4. 2 
2. 4 

17. 6 
6. 1 
4. 2 
2 .4  

17.6 
6. 1 
4.2 
2.4 

17.6 
6. 1 
4 .2  
2. 4 

59687. 
20743. 
14195. 
8254. 

60307. 
2097 1. 
1 4338. 

8292. 

59997. 
20762. 
14191. 
8231. 

58363. 
20396. 
13996. 

8104. 

58313. 
20419. 
14075. 
8248. 

56182. 
19992. 
13799. 
8127. 

59124. 
20540. 
140 20. 
8097. 

54906. 
19226. 
13277. 
7R2 4. 

567 16. 
19825. 
13630. 
7995. 

51308. 
17643. 
12136. 

7148. 

60257. 
209 2 5. 
14338. 
831 1. 

81.80 
81.18 
80.93 
81.01 

82.72 
02.29 
82.09 
81.89 

82.27 
81.41 
81.14 
81.14 

79.92 
79.63 
79.54 
79.64 

79.82 
79.63 
79.83 
80. 30 

77.90 
17.70 
78.04 
78.7 1 

81.05 
80.49 
80.03 
79.57 

75.03 
19.79 
15. 0 8  
75.87 

77.66 
77.42 
77.50 
78.11 

69.72 
67.99 
67.92 
68.27 

82.68 
82.20 
82.20 
82.34 

~~ 

82.27 
82.38 
82.65 
83.86 

83.04 
83.05 
83.13 
83.73 

82.64 
82.30 
82.40 
83.27 

80.51 
81.18 
81.76 
82.23 

80.47 
81.38 
82.37 
84.45 

78.67 
79.84 
80.98 
83.63 

81.48 
81.52 
81.54 
82.18 

75.77 
76.69 
77.84 
80.39 

78 .20  
78.86 
79.56 
81.59 

70.55 
70.25 
71.11 
73.82 

82.94 .- - .  

82.78 
83.02 
83.65 --. 

0.41 
1.18 
1.70 
2.81 

0.26 
0.72 
1.04 
1.76 

0.30 
0. 86 
1.25 
2.08 

0 .53  
1.52 
2.17 
3 .5s  

0.61 
1.74 
2.48 
4.11 

0.71 
2.00 
2.90 
4.85 

0.36 
1.03 
1.51 
2.58 

0.67 
1.87 
2.72 
4.48 

0.48 
1.39 
2.00 
3.48 

0.77 
2.20 
3.14 
5. 48 

0.20 
0.56 
0.79 
1.28 
I.- 

- ~ 

26.84  4357. 
28.63 4340. 
29.63 4369. 
31.42 4279. 

15.53 2665. 
16.40 2662. 
16.87 2636. 
18.07 2605. 

18.88 3154. 
20.26 3191. 
21.02 3174. 
22.36 3126. 

35.07 5599. 
37.28 5615. 
38.52 5595. 
41.17 5548. 

40.71 6446. 
42.90 6378. 
44.31 6383. 
46.96 6370. 

47.88 7656. 
50 .03  7568. 
51.40 7554. 
54.82 7511. 

23.30 3801. 
24.83 3801. 
25 .75  3806. 
27.87 3775. 

45.02 7078. 
47.47 7059. 
48-91 7060. 
52.00 7008. 

32.01 5090. 
34.28 5125. 
35.61 5123. 
37.97 5067. 

52.04 8199. 
55.07 8195. 
56 .75  8176. 
61.88 8218. 

11.73 1998. 
12.41 1997. 
12.67 1983. 
13.44 192%._- 

4470. 2.6 155. 
4478. 3.2 145. 
4400. 0.7 141. 
4205. -1.7 130. 

2806. 5 .3  164. 
2749. 3.3 155. 
2698. 2 .3  149. 
2634. 1.1 138. 

3317. 5 .2  160. 
3257. 2.1 150. 
3212. 1.8 144. 
3117. -0.3 134. 

5720. 2.2 152. 
5782. 3.0 144. 
5634. 0 .7  139. 
5307. -4.3 129. 

6612. 2 .6  151. 
6612. 3.7 142. 
6446. 1.0 138. 
6157. -3.3 130. 

7658. 0.0 153. 
7598. 0 .4  144. 
7515. -0 .5  140. 
7258. -3.4 131. 

39 26. 
39 24. 
3925. 
38 58. 

73 08. 
7090. 
7059. 
6703. 

3 .3  156. 
3.2 146. 
3.1 14 1. 
2.2 129. 

3.3 150. 
0.4 142. 

-0.0 138. 
-4.4 129. 

5209. 2.3 lS2. 
5278. 3.0 143. 
5201. 1.5 137. 
5214. 2.9 127. 

8387. 2.3 150. 
8347. 1.9 142. 
8148. -0.3 138. 
8222. 0.1 127. 

2175. 8.9 163. 
2131. 6 .7  154. 
2039. 2.8 150. 

-!92LzL!!--.!!! 1 0 .  
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Table C-2 . Experimental data f o r  R-11 condensing on tubeB 

- 
p, Psat' F,. f,, i,, Fws "I Re Tw,in* Tw,out* ATw* Qc * E2 x 100 "0, 

"F O F  "F O F  Btu/hr Btu/hr Q 2tu 
Run No. T"* 

O F  ps ia  psia gpm O F  lb,,,/hr gpm f t /sec  
h r . f t 2  - O F  

........ . - .... 

R-11-0058 
R- 11-0 0 6 8  
R-11-0078 
R-11-0088 

E-1 1-0098 
R-11-0 108 
R-11-0 118 
R-11-0128 

R-11-0 138 
R-11-0148 
R-11-0 158  
R- 11-0 168 

8-11-0178 
8-1 1-0 188  
8-1 1-01 98  
8- 11-0 208 

A-1 1-0 2 18 
R-11-0228 
8-11-0238 
R- 11-0 248  

R-11-OZSR 
R-11-0268 
R- 1 1-0 278 
R- 11-028 R 

8-1 1-02 98 
R- 11-0 308 
8-11-0318 
R-11-0328 

8-1 1-0338 
R-11-0 348 
R-11-0 358 
8-1 1-0 368  

8-1 1-0378 
8- 1 1-0 388 
R-11-0398 
8-11-0408 

R- 11-0 418  
8- 1 l-0 428 
8-1 1-0 4 38 
8-?I-0448 

8- 11-0 458 
R-  1 1-0 4 6 8 
B-11-0478 
R- 1 1-0 488 

88.27 
90.38 
91 .91  
95.34 

87.59 
87.81 
88.34 
89.95 

95 .06  
98.48 

100 -99 
105.37 

98.45 
102.74 
105.73 
111.33 

91.32 
94.19 
96.40 

100.70 

99.64 
104.14 
107.50 
113.88 

90.15 
91 -71  
92.78 
95 .52  

88.74 
89.87 
90 .72  
92.69 

100.86 
106.72 
110.61 
117.64 

108.54 
114.30 
118.28 
125.52 

91 .14  
92 . 27 
93.20 
95.32 

19.2 
19.9 
20.2 
21.4 

18.7 
18.9 
19.0 
19.5 

21.2 
22.5 
23.7 
25.4 

22.9 
24.7 
25.9 
28.4 

19.9 
21.0 
21.9 
23.7 

23.2 
25.2 
26.7 
29.4 

19.7 
20.2 
20.7 
2 t . 7  

19.0 
19.7 
19.9 
20.7 

23.7 
26.2 
27.7 
31.4 

26.7 
29.7 
31.7 
35.5 

20.2 
20.5 
20.9 
21.7 

19.0 0.0981 83.50 72 .13  22.5 16.4 55678. 75.43 75.98 
19.7 0.0981 85.35 71-98 7 .6  5 .5  18834. 75.06 76.5R 
20.3 0.0971 86.99 71.13 5 .2  3.5 12966. 75.23 77.36 
21.6 0.0964 90.12 70.43 3 .0  2.2 7611. 75.87 79.44 

18.7 0.0496 82.62 36.48 22.5 16.4 60080. 81.60 81.92 
18.8 0.0492 82.67 36.16 7 .6  5 .5  20139. 80.73 81.54 
19.0 0.0490 82.75 36.02 5 .2  3.9 13802. 80.71 81.82 
19.6 0.0485 84.16 35.65 3.0 2.2 8026. 81.00 82.83 

21.5 0.1395 90.04 101.93 22.5 16.4 55737. 75-41 76.18 
22.8 0.1394 93.68 101.51 7 .6  5.5 19006. 7 L U 8  77.58 
23.9 0.1390 96 .38  100.92 5 . 2  3.8 13160. 75.96 78.96 
25.8 0.1389 100.53 100.46 3.0 2 .2  7748. 76.54 81.60 

22.8 0.1701 94.53 123.78 22.5 16.4 50287. 73.31 74.21 
24.6 0.1688 98.56 122.37 7.6 5 .5  19651. 73.79 76-30 
25.9 0.1688 101.36 122.05 5 . 2  3.8 12964. 74.55 78 .03  
28.5 0.1721 107.05 123.70 3.0 2 .2  7629. 74.73 80.95 

20.1 0.1197 86.35 87.72 22 .5  16 .4  55381. 74.96 75.63 
21.2 0.1194 89.50 87.25 7 .6  5 .5  18883. 75.12 76.93 
22.0 0.1185 91.40 86.49 5 .2  3.8 13038. 75.45 78.01 
23.7 0.1185 95.81 86.08 1.0 2.2 7703. 76.44 80.77 

23.3 0.1911 95.74 138.90 22.5 16.4 52485. 70.58 71.59 
25.2 0.1901 100.08 137.60 7 . 6  5 .5  17960. 70.81 73.55 
26.7 0.1906 103.25 137.53 5.2 3.8 12381. 71.28 74.22 
29.8 0,1938 109.54 139.00 3.0 2.2 7403. 72.06 78.92 

19.6 0.0789 8 5 1 5  57.91 22 .5  16.4 59217. 80.35 80.82 
20.2 0.0789 86 .57  57.83 7 . 6  5 . 5  20021. 80.07 81.25 
20.6 0.0786 87.58 57-57 5 .2  3.8 13735. 80.03 81.73 
21.7 0.0786 90.25 57.43 3.0 2.2 8027. 80.47 83.37 

19.1 0.0643 84.03 47.23 22 .5  16 .4  59603. 80.91 81.31 
19.5 0.0645 85.40 47.32 7 .6  5.5 20099. 80.47 81.48 
19.8 0.0643 86.03 47.14 5 .2  3.4 13787. 80.48 81.88 
20.6 0.0632 87.65 46.28 3.0 2.2 8016. 80.58 83.03 

23.8 0.2032 9 5 8 4  147.64 22.5 16.4 51962. 69.82 70.86 
26.4 0.2047 101.97 147.92 7 . 6  5.5 17923. 70.41 73.39 
28.2 0.2054 105.82 147.85 5.2 3.8 12508. 71.41 75.65 
31.7 0.2087 1 1 2 8 0  149.22 3.0 2.2 7461. 72.43 79.76 

27.2 0.2338 103.70 168.62 22.5 16 .4  52645. 70.73 71.90 
30.0 0.2369 110.39 169.78 7 .6  5.5 18249. 71.75 75.04 
32.0 0.2362 113.97 168.63 5 .2  3.8 12767. 72.70 77.50 
36.0 0.2393 120.81 169.70 3.0 2 .2  7614. 73.74 81.64 

20.0 0.0722 85.91 52-92  22.5 16.4 60736. 82.43 82.85 
20.4 0.0713 87.07 52.24 7 .6  5 . 5  20465. 81.89 83.00 
20.8 0.0713 87.89 52.20 5 .2  3.8 14020. 81.76 83.33 
21.6 0.0700 89.75 51.17 3.0 2.2 8157. 81.94 84 .53  

0.50 12.56 
1.47 14.56 
2.10 15.61 
3.48 17.69 

0.26 5 .83  
0.77 6.67 
1.07 7 .07  
1.82 8 .04  

0.70 19.27 
2.05 21.95 
2.91 23.52 
5.06 26.30 

0.85 24.69 
2.48 27.68 
3.U2 29.44 
6.19 33.49 

0.61 16.03 
1.77 18.37 
2.52 19.67 
4.23 22.10 

0.95 28.55 
2.72 31.96 
3.91 34.75 
6 .85  38.39 

0.40 9.56 
1.18 11.05 
1.66 11.91 
2.86 13.60 

0.33 7 .63  
0.99 8 .89  
1.39 9 .54  
2.37 10.88 

1.00 30 .52  
2 .94  34.82 
4.22 37.08 
7.13 41.55 

1.12 37.23 
3.30 40 .90  
4.74 43.18 
8.01 47.83 

0.36 8.49 
1.06 9 .83  
1.54 10.65 
2.58 12.09 

5 502. 
5478. 
5403. 
5 328. 

2785. 
2760. 
2748. 
27 14. 

7713. 
7650. 
7582. 
7 506. 

9327. 
9173. 
9115. 
9 173. 

6668. 
6607. 
6534. 
6468. 

10452. 
10296. 
10248. 
1027U. 

4408. 
4394. 
4368. 
4343. 

3601. 
3603. 
3 586. 
3512. 

11093. 
11 033. 
10974. 
10976. 

12549. 
12542. 
12394. 
12354. 

4023. 
3966. 
3959. 
3870. 

5612. 2.0 
5588. 2.0 
5437. 0.6 
5202. -2.4 

2941. 5.6 
2908. 5 . 3  
2786. 1 .4  
2719. 0 .2  

7812. 1.3 
7757. 1.0 
754u. -0.5 
7568. 0.8 

9496. 1.8 
9403. 2.5 
8872. -2.7 
9258. 0.9 

6813. 2.2 
6703. 1.4 
6527. -0.1 
6338. -2.0 

10635. 1.8 
10297. 0.0 
10156, -0.9 
10249. -0.2 

4467. 1.4 
4481. 2.0 
4301. -1.5 
4280. -1.5 

3760. 4.4 
3742. 3 .9  
3603. 0.5 
3542. 0.9 

11197. 0.9 
11176. 1.3 
10942. -0.3 
10674. -2.8 

12625. 0.6 
12511. -0.2 
12296. -0.8 
11992. -2.9 

4052. 0.7 
4038. 1.8 
3987. 0.7 
3855. -0.4 

292. 
25 1. 
23 1. 
201. 

318. 
276. 
259. 
225. 

267. 
232. 
215. 
190. 

252. 
22 1. 
206. 
182. 

277. 
240. 
22 1. 
195. 

244. 
215. 
196. 
178. 

307. 
265. 
244. 
213. 

315. 
270. 
250. 
215. 

242. 
21 1. 
197. 
176. 

225. 
204. 
19 1. 
17 2. 

316. 
26 9. 

213. 
248. 

d 

h) v 



- . .. . . . . . . . . . . . . .. , ._...____I.I , ~~ ~ .̂.._I. .... .." .. . , .  

Table C-2 (continued) 

- 
R u n  No. T V *  p. Psats Fc. Tc * ic, F,. Re T w , i n '  T w , y t s  ATws "* QCS 9 x 100 "0 ,  

Btu 
h r - f  t2 ."F 

OF Btu/hr Btu/hr Q O F  ps ia  psia gpm O F  lb,,,/hr gpm ft/sec OF F O F  

R-11-0498 
R-11-0508 
R- 1 1-05 1 8 
R-11-0528 

R-11-0 538 
R-11-0548 
R-11-0558 
R- 1 1-0 568 

8- 11-0 578 
R-11-0588 
R-11-0598 
R-11-060R 

R-11-0618 
R-11-0628 
R-11-0638 

90.51 
91 -60 
92.26 
93.66 

88.70 
90.52 
92.06 
94.77 

97.80 
101.46 
104.25 
110.05 

105.25 
111.30 
115.36 

19.9 
20.2 
20.4 
21.0 

19.2 
19.7 
20.4 
21.2 

22.4 
23.5 
24.9 
27.4 

25.2 
28.0 
29.9 

19.8 
20.2 
20. 4 
20.9 

19.1 
19.8 
20.3 
21.4 

22.6 
24.1 
25.3 
27.9 

25.7 
28.5 
30.5 

0.0575 R5.34 
0.0577 R6.36 
0.0575 86.71 
0.0570 88.08 

0.0876 83.49 
0.0872 85.28 
0,0870 86.86 
0.0864 89.44 

0.1575 93.66 
0.1561 97.01 
0.1566 99.70 
0.1566 105.28 

0.2221 100.07 
0.2225 106.59 
0.2237 110.68 

42.17 
42.28 
42.11 
41.75 

64. 42 
64.00 
63.75 
63. 14 

114.69 
113.29 
113.36 
112.80 

160.74 
160.03 
160.26 

22.5 
7.6 
5.2 
3.0 

22.5 
7.6 
5.2 
3.0 

22.5 
7.6 
5.2 
3.0 

22.5 
7.6 
5.2 

16.4 
5.5 
3.8 
2.2 

16.4 
5.5 
3.8 
2.2 

16. 4 
5.5 
3.8 
2. 2 

16. 4 
5.5 
3.8 

61667. 
20808. 
14248. 
8244. 

57142. 
1933 1. 
1331 4. 
7785. 

55553. 
18982. 
131 70. 
78 3 7. 

52525. 
18188. 
12699. 

83.72 
83.35 
83.23 
83.07 

77.49 
77.19 
77.43 
77.90 

75.11 
75.27 
75.89 
77.15 

70.56 
71-51, 
72.47 

84. 07 
84.27 
84.51 
85.17 

77.99 
78.54 
79.34 
81.01 

75.95 
77.59 
79.15 
82.82 

71.72 
74.73 
76.91 

0.30 

1.26 
2.08 

0.44 
1.30 

3.05 

0.78 
2.24 
3.23 
5.54 

0. 89 

1.86 

6.62 
7.79 
8.38 
9.54 

10.96 
12.66 
13.67 
15.31 

22.27 
25.03 
26.73 
30.07 

3208. 
3 2 13. 
3197. 
3 164. 

49 12. 
4810. 
4841. 
4779. 

8650. 
8505. 

8378. 
8482. 

3322. 3.6 
3374. 5.0 
3271. 2.3 
3113. -1.6 

4972. 1.2 
4948. 1.6 
4R38. -0.1 
4563. -%5 

8710. 0.7 
8508. 0.0 
8379. -1.2 
8299. -0.9 

32 3. 
275. 
254. 
221. 

299. 
256. 
236. 
208. 

259. 
226. 
21 1. 
186. 

1-09 34.11 12012. 12221. 1.7 235. 
3.16 38.16 11868. 11981. 1.0 207. 
4.U9 40.67 11823. 11637. -1.6 194. 

R-11-0648 122.84 34-2 34.5 0.2262 117.73 160.90 3.0 2e.2 7607- 73-73 81-50 7.63 45.22 11.7555 _!l4.222 72.8 _--173.- . .  . _--- -- -_ .. 

9 8 
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Table C-3 . Experimental data for R-11 condensing on tubeC 

- 
Run No. TV p, P s a t S  Fcs  Tcs i,. Fwl v s  Re Tw,in' Tw,out* ATws "' Qc* Qw' gx  100 "0 .  

Btu 
hr.ft2 .OF 

O F  O F  O F  Btu/hr Btu/hr Q O F  psia psia gpm O F  lb,,,/hr gpm ft/sec O F  

R-11-001C 
R-ll-002C 
E-1 1-0 03C 
R-11-004C 

E-11-00% 
8- 1 1-0 0 6C 
R-11-007C 
E- 1 1-0 08C 

E-11-009C 
R-11-0 1oC 
R- 11-0 11C 
8-11-012C 

E-1 1-0 13 C 
8- 1 1-0 14C 
8-11-01 SC 
8-1 1-016C 

R- 1 1-0 17C 
R-11-018C 
R-11-019C 
E- 11-0 20C 

R- 11-0 2 1C 
E-1 1-022C 
R-11-023C 
E- 11-0 2 4C 

R- 1 1-0 25C 
8-1 1-026C 
8-1 1-027C 
E- 11-0 28C 

8-1 1-029C 
8-11-03OC 
E-1 1-0 3 1C 
R- 1 1-0 32C 

E-1 1-033C 
R-11-034C 
R-11-03% 
E-1 1-036C 

R-11-04 1C 
R- 11-0 42C 
R- 11-0 43C 
I- 1 1-0 44C 

R- 11-045C 
E-11-046C 
8- 11-0 47C 
B-11-048C 

87.64 
88 -50 
89.24 
91.41 

97 -77 
100.60 
102.70 
107.78 

92.53 
94.11 
95.33 
98.29 

103.86 
108.85 
111.89 
117.68 

90.48 
91.88 
92.96 
95.35 

98..24 
101 -39 
103.82 
108.76 

93.95 
96.03 
97.47 

101.52 

100.82 
105.27 
107.88 
112.16 

85 -24 
84.99 
85.55 
86.78 

86 -63 
87.35 
87.97 
89.84 

88 -67 
89.49 
90.18 
91 -98 

19.0 
19.0 
19.2 
20.0 

22.4 
23.4 
24.2 
26.4 

20.4 
21.2 
21.7 
22.5 

20.9 
26.9 
28.4 
31.2 

19.7 
20.2 
20.7 
21.5 

22.7 
23.9 
24.9 
27.2 

21.0 
21.9 
22.4 
23.9 

23.5 
25.5 
26.7 
28.7 

17.9 
17.9 
18.0 
18.5 

18.4 
18.7 
18.9 
19.4 

19.2 
19.5 
19.7 
20.4 

18.8 
19.1 
19.3 
20.1 

22.5 
23.7 
24.6 
26.9 

20.5 
21.1 
21.6 
22.8 

25.1 
27.4 

31.7 

19.8 
20.3 
20.7 
21.6 

22.7 
24.0 
25. 1 
27.3 

21.1 
21.9 
22.4 
24.1 

23.8 
25.7 
26.9 
28.9 

17.9 
17.8 
18.0 
18.5 

18.4 
18.7 
18.9 
19.5 

19.1 
19.4 
19.7 

28.8 

0.0632 85.23 46.38 
0.0632 86.16 46.34 
0.0628 86.69 46.01 
0.0628 88.56 45.93 

0.1347 95.55 91.89 
0.1339 98.04 97.06 
0.1342 99.83 97.10 
0.1396 104.52 97.01 

0.0898 89.88 
C.0894 91.39 
0.0889 92.51 
0.0893 94.98 

0.1947 10 1.56 
0.1967 106.24 
0.1969 109.16 
0.1981 114.45 

65.60 
65.21 
64.82 
64.96 

140.70 
141.54 
141.30 
191.39 

0.0754 87.82 55.20 
0.0756 89.14 55.25 
0.0754 90.16 55.05 
0.0749 9 2 2 0  54.62 

0.1548 96.10 112.49 
0.1552 99.03 112.43 
0.1508 101.07 111.92 
0.1551 105.59 111.66 

0,1081 91.12 78.92 
0.1086 93.23 79.14 
0.1078 94.53 78.44 
0.1080 98.27 78.31 

0.1717 98.71 124.46 
0.1717 1 0 2 7 7  123.93 
0.1712 1 0 5 2 8  123.30 
0.1707 109.18 122.46 

0.0373 82.85 27.46 
0.0373 82.70 27.46 
0.0377 82.92 21.76 
0.0371 83.56 27.29 

0.0494 R3.92 36.30 
0.0502 84.65 36.89 
0.0498 85.02 36.56 
0.0496 86.68 36.35 

0.0589 86.02 43.22 
0.0596 86.93 43.66 
0.0587 87.43 43.02 

21.7 
7.6 
5.2 
3.0 

21.7 
7.6 
5.2 
3.0 

21.7 
1.5 
5.2 
3.0 

21.1 
7.6 
5.2 
3.0 

21.7 
7.6 
5.2 
3.0 

21.7 
7.5 
5.2 
3.0 

21.7 
7.6 
5.2 
3.0 

21.1 
7.6 
5.2 
3.0 

21.7 
7.6 
5.2 
3.0 

21.7 
7.6 

3.0 

21.7 
7.6 
5.2 

5.2 

20. 3 
7.1 
4.9 
2. 8 

20.3 
7.1 
4. 9 
2.8 

20.3 
7.0 
4.9 
2. R 

20.3 
7. 1 
4.9 
2.8 

20.3 
7.1 
4.9 
2.0 

20.3 
1.0 
4.9 
2.8 

20.3 
7.1 
4.9 
2. 8 

20.3 
7.1 
4.9 
2.8 

20. 3 
7.1 
4.9 
2.8 

20.3 
7.1 
4. 9 
2.8 

20.3 
7.1 
4.9 

61080. 
21303. 
14596. 
8495. 

59554. 
21005. 
14510. 
8592. 

62050. 
21437. 
14918. 
871 8. 

55332. 
1970 1. 
13664. 
8077. 

62089. 
21746. 
1492 0. 

8687. 

56926. 
19742. 
13854. 
8161. 

6059 1. 
2 1246. 
14591. 
8575. 

56330. 
20141. 
13918. 
8114. 

6 1375. 
21235. 
14549. 
8440. 

61470. 
21462. 
14695. 
8543. 

62251. 
21715. 
14864. 

81.57 
80.95 
80.85 
81-11 

79.36 
79.29 
79.66 
80.86 

82.80 
82.35 
82.37 
82.78 

73.45 
73.83 
70.29 
74.87 

82.88 
82.54 
82.51 
82.74 

75.74 
75.28 
75.75 
16.31 

80.81 
80.40 
80.35 
81.08 

74.88 
75.73 
75.95 
75.68 

82.03 
80.87 
80.84 
81.06 

82.13 
81.65 
81.54 
81.78 

83.14 
82.53 
82.37 

81-98 
81.92 
82.25 
83.41 

80.11 
81.30 
82.47 
85.53 

83.32 
83.71 
84.30 
86.01 

74.49 
76.65 
78-30 
81.53 

83.35 
83.69 
84.18 
85.47 

76.51 
17.58 
79.00 
81.74 

81.43 
82.0P 
82.70 
84.98 

75.81 
78.19 
79.52 
81.46 

82.30 
81.48 
8 1.72 
82.42 

82.46 
82.43 
82.66 
83.68 

83.52 
83.07 
83.70 

0.34 5.81 
0.96 7.06 
1.38 1.69 
2.30 9.15 

0.69 18.04 
1-95 20.31 
2,RO 21.63 
4.72 24.59 

0.47 9.47 
1.35 11-08 
1.89 11.99 
3.20 13.90 

0.98 29.89 
2.79 33.62 
3.97 35.59 
6.60 39.48 

0.40 1.37 
1.14 8.76 
1.63 9.62 
2.70 11.25 

0.79 22.07 
2.25 24.96 
3.21 26.65 
5.31 29.73 

0.55 12.83 
1.59 14.81 
2.31 15.95 
3.86 18.49 

0.86 25.47 
2.46 28.31 
3.49 30.15 
5.81 33.60 

0.20 3.07 
0.5R 3.82 
0.84 4.27 
1.37 5.04 

0.27 4.33 
0.77 5.31 
1-13 5.87 
1.86 7.11 

0.31 5.34 
0.90 6.49 

3541. 
3 534. 
3506. 
3491. 

7383. 
7 295. 
7282. 
7226. 

4979. 
4940. 
4904. 
4896. 

10532. 
10529. 
10470. 
10399. 

4200. 
4196. 
4176. 
4 132. 

8479. 
8442. 
8 378. 
8307. 

5980. 
5981. 
5918. 
5 879. 

9351. 
9261. 
9 183. 
9071. 

2102. 
2 103. 
2124. 
2085. 

2775. 
28 17. 
2790. 
2768. 

3691. 0.2 
3659. 3.5 
3572. 1.9 
3441. -1.4 

7448. 0.9 
7386. 1.2 
1266. -0.2 
7067. -2.2 

5099. 2.4 
5047. 2.2 
4913. 0.2 
4785. -2.3 

10620. 0.8 
10563. 0.3 
10293. -1.7 

9882. -5.0 

4308. 2.6 
4315. 2.8 
4241. 1.6 
4045. -2.1 

8509. 0.9 
8437. -0.1 
832U. -0.6 
7941. -4.4 

6008. 0.5 
6032. 0.8 
5992. 1.3 
5175. -1.8 

9327. 9364. 0.1 0.7 

9064. -1.3 
8694. -4.2 

2187. 4.0 
221u. 5.3 
2174. 2.3 
2050. -1.7 

2912. 5.0 
2904. 3.1 
2918. 4.6 
2790. 0.8 

540. 
448. 
408. 
34 1. 

366. 
321. 
30 1. 
26 3. 

970. 
399. 
366. 
315. 

315. 
280. 
263. 
236. 

510. 
428. 
388. 
329. 

344. 
30 2. 
283. 
250. 

417, 
36 1. 
332. 
284. 

328. 
29 3. 
27 2. 
242. 

613. 
493. 
445. 
370. 

573. 
475. 
4 25. 
348. 



Table C-4 , Experimental data for R-11 condensing on tube D 

- 
Run No. TV* P s  Psats Fcs Tcs ic. Fws Re Twsins Tw,out* ATw* AT* Qcs Qw* ax  ,oo "0 .  

O F  psia psia gpm O F  lb,,,/hr gpm ft/sec O F  O F  OF O F  Btu/hr Btu/hr Q Btu 
hr.ft2SoF 

8-11-001D 
R-11-002D 
R-11-003D 
R- 1 1-0 0 4D 

8- 1 1-0 050 
R-11-006D 
R-11-007D 
8-11-008D 

8-11-009D 
R-11-0 10D 
R-11-O11D 
8-1 1-012D 

E-1 1-0 13D 
8-1 1-0 14D 
R-11-0 15D 
R-11-016D 

E-11-01 7D 
8-11-0 18D 
R-11-0 19D 
R-11-020D 

8- 11-0 21D 
R- 1 1-0 22D 
8- 1 1-02 3D 
R-11-024D 

R-11-025D 
R-11-O26D 
R-11-027D 
R- 11-0 28D 

E-11-029D 
8-1 1-0 30D 
8-11-031D 
8- 1 1-0 32D 

8-1 1-0 33D 
R-11-034D 
R-11-035D 
8- 1 1-0 36D 

R- 1 1-03 7D 
8-11-038D 
R-11-039D 
R-11-04 OD 

8-1 1-041 D 
8-1 1-0 42D 
A- 1 1-0 43D 
R- 1 1-044D 

85 .40 
85 ?87 
86.06 
87.51 

90 . 37 
93.51 
96.21 
101.29 

90.68 
92.55 
93.95 
96 -60 

103.25 
108.79 
112.69 
120.73 

87.29 
88.21 
88.97 
91.15 

99.53 
104.98 
107.92 
114.86 

88.77 
90.26 
91 -39 
94.17 

93.93 
98.26 
100.87 
106.61 

85.94 
87.03 
88 -08  
90.95 

87.65 
90.15 
92.97 
98.02 

92.61 
95.17 
96.88 
100.92 

17.9 
18.2 
18.2 
18.5 

19.7 
20.9 
21.7 
23.7 

19.9 
20.5 
21.0 
22.0 

24.5 
27.2 
28.7 
32.9 

18.5 
18.9 
19.2 
20.0 

22.9 
25.2 
26.7 
29.9 

19.2 
19.7 
20.0 
21.2 

21.0 
22.7 
23.7 
26.0 

18.2 
18.7 
18.9 
19.9 

18.7 
19.7 
20.7 
22.5 

20.5 
21.4 
22.2 
23.5 

18.0 
18.1 
18.2 
18.7 

19.7 
20.9 
21.9 
24.0 

19.8 
20.5 
21.1 
22.1 

24.8 
27.3 
29.2 
33.3 

18.6 
19.0 
19.2 
20.0 

23.3 
25.4 
26.9 
30.3 

19.1 
19.7 
20.1 
21.1 

21.0 
22.7 
23.8 
26.3 

18.2 
18.5 
18.9 
19.9 

18.8 
19.6 
20.7 
22.6 

0.0380 82.96 27.9'3 
0.0382 83.60 28.07 
0.0382 83.91 28.06 
0.0382 84.92 28.04 

0.1358 88.76 99.31 
0.1354 91.63 98.74 
0.1351 94.14 98.33 
0.1353 98.76 98.07 

0.0902 88.33 66.01 
0.0886 89.79 64.73 
0.0888 90.99 64.79 
0.0889 93.58 64.74 

0.2052 101.19 148.32 
0.2062 106. 43 148.35 
0.2075 110. 10 148.74 
0.2093 117.65 148.93 

0.0490 84.23 35.98 
0.0500 85.09 36.72 
0.0496 86.39 36.36 
0.0496 88.42 36.29 

0.1861 97.68 134.97 
0.1851 102.30 133.69 
0.1860 105.54 133.94 
0.1871 111.91 133.86 

0.0724 86.32 53.06 
0.0719 87.89 52.67 
0.0722 89.07 52.76 
0.0707 91.57 51.55 

0.1525 92.26 111.20 
0.154U 96.48 112.14 
0.1546 96.75 112.02 
0.1535 104.08 110.66 

0.0598 83.52 43.94 
0.0596 84.85 43.73 
0.0600 85.81 44.00 
0.0598 88.40 43.74 

0.1152 85.80 84.51 
0.1136 88.34 83.12 
0.1194 90.96 83.47 
0.1125 9547 81.75 

23. 3 
7.6 
5.2 
3.0 

23.3 
7.6 
5.2 
3.0 

23. 3 
7.6 
5.2 
3.0 

23.3 
7.6 
5.2 
3.0 

23.3 
7.6 
5.2 
3.0 

23.3 
7.6 
5.2 
3.0 

23.3 
7.6 
5.2 
3.0 

23. 3 
7.6 
5.2 
3.0 

23.3 
7.6 
5.2 
3.0 

23.3 
7.6 
5.2 
3.0 

20.5 0.1043 90.91 76.11 23.3 
21.5 0.1041 93.21 75.80 7.5 
22.2 0.1032 94.76 75.08 5.2 
23.8 0.1032 98.28 74.83 3.0 

14.6 
4.8 
3. 3 
1. 9 

14.6 
4.8 
3. 3 
1.9 

14.6 
4.8 
3. 3 
1.9 

14.6 
4.8 
3. 3 
1.9 

14.6 
4. A 
3. 3 
1.9 

1 Y. 6 
4.8 
3.3 
1.9 

14. 6 
4. 8 
3.3 
1.9 

14.6 
4.8 
3.3 
1.9 

14. 6 
4. 8 
3.3 
1.9 

1 Y. 6 
4.8 
3.3 
1.9 

4.6 
4.7 
3.3 
1.9 

60839. 
19733. 
13454. 
7785. 

5560 0. 
18184. 
12599. 
7366. 

60879. 
19833. 
13616. 
7854. 

54964. 
18197. 
12670. 
756 4. 

61489. 
19990. 
13699. 
7970. 

55064. 
18232. 
12641. 
7472. 

60969. 
19850. 
13617. 
7939. 

55724. 
18352. 
12678. 
7464. 

5964 2. 
19409. 
13300. 
7770. 

55519. 
18295. 
12715. 
7516. 

60846. 
19663. 
13722. 
8051. 

82.65 
82.01 
81.60 
81.54 

75.25 
74.78 
75.33 
75.41 

82.58 
82.06 
82.03 
81.37 

74.20 
74.36 
75.06 
76. 42 

83.50 
82.98 
82.94 
83.28 

74.38 
74.66 
75.11 
75.69 

82.74 
82.25 
82.22 
82.58 

75.38 
75.35 
75.64 
76-22 

80.98 
80.50 
80.40 
80.98 

75.17 
75.41 
76.28 
77. 4 1 

82.51 
82.3 1 
82.54 
83.23 

82-90 
82.63 
82.46 
82.99 

75.94 
76.82 
78.24 
80.25 

83.08 
83.40 
83.99 
84.62 

75.21 
77.35 
79.38 
83.46 

83.80 
83.78 
84.07 
85.13 

75.31 
77-35 
78.98 
82.23 

83.16 
83.35 
83.82 
85.17 

76.16 
77.69 
78.91 
81.53 

81.34 
81.44 
81.79 
83.25 

75.79 
77.14 
78.73 
81.45 

83.07 
83.92 
84.75 
86.86 

0.19 2.62 
0.S9 3.56 
0.85 4.02 
1.42 5.25 

0.65 14.78 
1.99 17.71 
2.81 19.93 
4.81 23.46 

0.43 7.85 
1.36 9.82 
1.91 10.94 
3.22 13.60 

0.96 28.55 
2.96 32.94 
4.20 35.47 
6.99 40.79 

0.25 3.64 
0.76 4.83 
1.12 5.47 
1.84 6.95 

0.88 24.69 
2.65 28.47 
3.81 30.88 
6.49 35.90 

0.37 5.82 
1-09 7.46 
1.57 8.38 
2.58 10.29 

0.72 18.16 
2.27 21.74 
3.25 23.60 
5.34 27.74 

0.30 4.78 
0.92 6.06 
1.35 6.99 
2.2s 8.83 

0.56 12.17 
1.66 13.88 
2.43 15.47 
3.98 18.59 

0.49 9.82 
1.56 12.06 
2.18 13.23 
3.58 15.88 

2138. 
2148. 
2 147. 
2141. 

7557. 
7486. 
7430. 
7364. 

5021. 
49 13. 
4909. 
4890. 

11111. 
11 036. 
11011. 
10911. 

2748. 
2802. 
2771. 
2759. 

10158. 
10000. 
9975. 
9881. 

5045. 
4008. 
4010. 
3905. 

8426. 
8453. 
8416. 
8255. 

3361. 
3 341. 
3358. 
3327. 

6452. 
6327. 
6332 . 
6164. 

5776. 
57 35. 
5668. 
5622. 

2267. 6.0 
2252. 4.9 
2200. 2.5 
2130. -0.5 

7579. 0.3 
7552. 0.9 
7302. -1.7 
7194. -2.3 

5033. 0.2 
5164. 5.1 
4960. 1.0 
4821. -1.4 

11147. 0.3 
11207. 1.5 
10908. -0.9 
10460. -4.1 

2929. 6.6 
2893. 3.3 
2911. 5.0 
2748. -0.4 

10205. 0.5 
10036. 0.4 
9891. -0.8 
9711. -1.7 

4254. 5.2 
4152. 3.6 
4070. 1.5 
3869. -0.9 

8427. 0.0 
8595. 1.7 
8431. 0.2 
7990. -3.2 

3522. 4.8 
3492. 4.5 
3515. 4.7 
3.364. 1.1 

6486. 0.5 
6297. -0.5 
6296. -0.6 
5950. -3.5 

5742. -0.6 
5848. 2.0 
5655. -0.2 
5365. -4.6 

729. 
540. 
477. 
365. 

458. 
378. 
342. 
28 1. 

57 2. 
447. 
40 1. 
322. 

348. 
300, 
278. 
239. 

676. 
519. 
454. 
355. 

368. 
314. 
289. 
246. 

622. 
480. 
428. 
339. 

415. 
34A. 
319. 
266. 

629. 
49 3. 
4.30. 
337. 

474. 
408. 
366. 
297. 

526. 
425. 
383. 
317. 

4 

w 
0 

.I If c 



Table C-4 (continued) 

- 
Run No. T" * P. Ps,t* Fc* Tc ic. Fw. "*  Re Tw,in' Tw,out' 'k' AT* Qc* Qd x 100 "0. 

O F  psia psia gpm O F  lb,,,/hr gpm f t /sec  O F  O F  O F  O F  Btu/hr Btu/hr Q Btu 
h r  . f t2.OF 

R-11-045D 97.70 22.2 22.5 6.1707 95493 129.01 23.3 14.6 55978. 75.69 76.55 0.80 21-58 9354- 9299. -0.6 388. 
R-11-046D 102.48 24.2 24.5 0.1702 100.38 123.16 7.6 4.8 18559. 76.18 78.62 2.44 25.04 9235. 9270. 0.4 329. 
R-19-047D 105.74 25.5 25.9 0.1698 101.51 122.45 5.2 3.3 12890. 76.78 80.39 3.54 27.16 9145. 9196. 0.6 301. 
U-11-048D 113.12 29.0 29.4 0.1710 110.41 122.57 3.0 1.9 7656. 77.92 83.91 5.97 32.20 906R. - R941. -1.0 252. - - - - - . - - - . ..---*-. ~ . .  . - - . - ._ - . - . . 



Table  C-5 . Experimental d a t a  for R-11 condensing on tubeD1 

- 
Run No. T"* P, P S a t *  Fc, T,, iCs Fw, " I  Re Tw,in*  Tw,outs  ATw* 9,. Qw* AtJ ,oo "0, 

O F  p s i a  p s i a  gpm OF l b d h r  gpm ft/sec "F OF "F O F  Btu/hr Btu/hr Q Btu 
h r . f t 2  .OF 

E-11-001D1 
F-11-002D1 
E-11-003C1 
R-11-004D1 

E-11-005tl 
E-1 1-006D1 
F- 11-007D1 
E- 11-00801 

P- 11-009D1 
8- 11-OlOD1 
F-11-0 11D1 
E- 11-O12D1 

P-11-013D1 
P- 1 1-0 14c1 
F-11-01501 
F- 11-01601 

R- 11-017D1 
F-11-018D1 
E- 11-0 19D1 
E-11-020D1 

E-11-021D1 
E- 11-022D1 
6-11-023Ul 
F- 11- 024Dl 

F-11-02501 
6-11-026D1 
E- 1 1-0 27 0 1 
E- 11-028D1 

96.45 
98 -84 
100.28 
103.24 

97.71 
98.4 1 
99.15 
100.66 

91.83 
96.84 
100.19 
107.92 

94.73 
97.31 
98.86 
102.98 

97.16 
98.80 
100.44 
103.00 

96.00 
99.17 
101.22 
105.61 

92.97 
97.88 
100.91 
106.75 

21.7 
22.7 
23.2 
24.5 

22.0 
22.4 
22.7 
23.2 

19.9 
21.1 
23.0 
26.5 

21.0 
22.0 
22.7 
24. U 

21.9 
22-7 
23.4 
24.4 

21.7 
23.2 
23.8 
25.7 

20.7 
22.3 
23.6 
26.2 

22.0 
21.0 
23.6 
24.8 

22. s 
22.8 
23.1 
23.7 

20.3 
22.2 
2?.5 
26.9 

21.4 
22.4 
23.0 
24.7 

22.3 
23.0 
23.6 
24.7 

21.8 
23.1 
24.0 
25.9 

20.7 
22.6 
23.P 
26.4 

0.1003 93.16 73.03 
0.1019 95.23 74.09 
0.1013 96.53 73.54 
0.1009 99.73 73.05 

0.0551 92.53 40.17 
0.0545 92.67 39.70 
0.0549 93.37 39.98 
0.0549 9Q.60 39.93 

0.2068 9C.lU 151.08 
0.2069 94.76 150.47 
0.2063 97.97 149.61 
0.2076 105.1P 149.52 

0.1175 91.99 85.72 
0.1189 94.26 86.50 
0.1195 95.72 86.84 
C.1196 99.73 e6.60 

0.0787 93.Q3 57.31 
0.0782 94.05 56.95 
0.0791 95.90 57.44 
0.0786 97.88 57.03 

0.1422 93.53 103.57 
0.1826 96.46 103.51 
0.1426 98.28 103.35 
0.1421 102.18 102.66 

0.1852 91.24 135.11 
0.1862 95.79 135.29 
0.1872 98.62 135.65 
0.1812 103.70 135.00 

23.2 
7.6 
5.2 
3.0 

23.2 
7.6 
5.2 
1.0 

23.0 
7.6 
5.2 
3.0 

23.2 
7.6 
5.2 
3.0 

23.2 
7.6 
5.2 
3.0 

23.2 
7.6 
5.2 
3.0 

23.2 
7.6 
5.2 
3.0 

14. 5 
4. 8 
3.3 
1.9 

14. 5 
4.8 
3.3 
1.9 

14. 4 
4.8 
3.3 
1.9 

14.5 
4.8 
3.3 
1.9 

14.5 
4.8 
3. 3 
1.9 

14. 5 
4. A 
3. 3 
1.9 

14.5 
4. 8 
3. ? 
1.9 

64280. 
21101. 
14488. 
8392. 

68873. 
22474. 
15382. 
8888. 

50353. 
16806. 
11614. 
6821. 

62051. 
20331. 
13915. 
8 10 2. 

66960. 
21943. 
15119. 
877 1. 

6C781. 
19957. 
13717. 
7977. 

5407 1. 
17927. 
12359. 
7185. 

87.61 

87.28 
€6.91 

93.73 
53.12 
92.97 
92.73 

68.46 
68.21 

68.24 

84.47 
83.90 

83.48 

91.19 
9C.85 
91.19 
91.13 

82.71 
f2.21 
82.13 
R1.85 

73.32 
13.36 
73.36 
72.71 

87.30 

68.30 

e3.56 

88.13 
88.79 
89.41 
90.46 

94.02 
93.93 
94.14 
94. 66 

69.47 
71.20 
72.58 
75.33 

85.06 
85.66 
86.05 
87.67 

91.59 
91.99 
92.88 
93.92 

81.40 
84.27 
85.10 
86.71 

74.23 
76.04 
77.21 
79.04 

0.47 
1.51 
2.14 
3.53 

0.25 

1.17 
1.93 

0.97 
2.98 
4.27 
7.08 

0.55 
1.77 
2.51 
4.18 

0.35 
1.13 
1.67 
2.77 

0.65 
2.07 
2.98 
4-85 

0.88 
2.67 
3.84 
6.31 

0.81 

8.57 
10.79 
11.93 
14.55 

3.84 
4.88 
5.60 
6.97 

22.87 
27.13 
29.75 
36.13 

9.97 
12.5: 
14.05 
17.40 

5.77 
7.38 
8-40 
10.48 

12.95 
15.93 
17.60 
21.33 

19.19 
23.19 
25.63 
30.87 

5517. 
5580. 
5529. 
5472. 

3030. 
2992. 
3010. 
3001. 

11477. 
11361. 
11250. 
11136. 

6489. 
6528. 
6501. 
6490. 

4 326. 
4 289. 
4318. 
4274. 

7828. 
7795. 
7762. 
7668. 

10250. 
10202. 
10192. 
10069. 

5466. -0.9 575. 
5712. 2.4 463. 
5532. 0.0 415. 
5279. -3.5 336. 

2947. -2.8 706. 
3066. 2.5 548. 
3043. 1.1 481. 
2882. -4.0 385. 

11113. -3.2 449. 
11328. -0.3 375. 
11092. -1.4 338. 
10613. -4.7 276. 

6319. -2.6 582. 
6730. 3.1 466. 

6259. -3.6 334. 

4090. -5.4 671. 
9277. -0.3 520. 
4323. 0.1 460. 
4146. -3.0 365. 

7500. -4.2 541. 

7730. -0.4 394. 
7263. -5.3 322. 

10127. -1.2 478. 

10138. 9974. -0.6 -2.1 394. 356. 
$439. -6.3 292. 

6509. -0.5 416. 

7844. 0.6 438. 

8-11-029D1 93.24 20.3 20.8 0.1707 91.59 124.16 23.2 14.5 55685. 15.63 76.47 0.80 17.19 9415. 9317. -1.0 490. 
P-ll-030C1 96.09 21.7 21.9 0,1696 93.93 123.43 7.6 4.8 18119. 74.29 76.76 2.45 20.57 9329. 9304. - 0 . 1  406. 
6-11-031D1 98.33 22.3 22.8 0.1692 95.90 122.93 5.2 3.? 12424. 73.92 77.46 3.51 22.64 9265. 9147. -1.3 366. 
R-11-03201 104.63 25.1 25.4 0.1710 101.74 123.58 3.0 1.9 7246. 73.50 79.56 6.03 28.10 9242. 9032. -2.3 294. --.- 

q - r  H )" * c 
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lg'L6 ZLLL'O 
911'E6 EZLL'O 
S8'16 9Ell'O 
SE'68 LblL'O 

i6va ~6~0-0 

L1'68 9150'0 
bO'L8 1ZSO'O 
90'98 EZSO'O 
I16719 ZLSO'O 

61YlL CBEZ'O 
LO'LOL LSEZ'O 
SOT0 1 OtEZ'O 
E9'86 bEEZ'O 

8L'9b 90'06 Otf90'0 
8E'Lb Ob'L8 LC90'0 
6Z'8b El'L8 6590'0 
1L'Lb 88'58 lS90'0 

ZL'OEL OZ'LOL 6181'0 
OL'OEC bL'OO1 808C'O 
FS'LEL lb'L6 ELBC'O 
bl'ZE1 9826 €181'0 

EO'S9 SZ"b6 b680'0 
hS'S9 96'06 8680'0 
OE'S9 t8'68 6680'0 
LE'S9 80'88 0060'0 

SL'E81 b6.811 LLSZ'O 
LO 'E8 1 18 '60 1 ESSZ'O 
6S'ZEl 9L'SOl LESZ'O 
BS'b81 19'001 ZESZ'O 

SS'lOl 6bZOl 9OQl'O 
L6'LOl bZ'L6 SOCL'O 
9Z'ZOl E936 9Obl'O 
Z9'ZOl 52.16 90tC'O 

SO'bll Z6'SOl SESL'O 
Zl'CLl Q9%6 9LSl'O 
bb 'bl 1 00 26 LLSL '0 
9b'Sll OS'E6 98SL'O 

Z'ZE L'LE 
Z'LZ 6-92 
E'SZ 6'bZ 
1% S'ZZ 

6-12 6'12 
9-02 5-02 
1-02 0.02 
I!-61 S'61 

L'EZ 
8'12 
1-12 
1 '02 

s '02 
9'61 
Z '61 
8'81 

O'ZE 
8 'Lz 
2-92 
F'bZ 

8'OZ 
6'61 
9 '61 
1-61 

0'82 
6'hZ 
E'EZ 
S'LZ 

5 -zz 
1-12 
9 '02 
6'61 

1 'bE 
S'6Z 
9'LZ 
b 'SZ 

1-92 
L'EZ 
9'ZZ 
E '12 

S'LZ 
9'tZ 
13 '€2 
0 'ZZ 

L'EZ 
6-12 
Z'LZ 
0 '02 

b'OZ 
5-61 
2'61 
L'81 

S'lt 
b 'LZ 
S'SZ 
S'E2 

L'OZ 
6'61 
SO61 
0'61 

L'LZ 
L 'tZ 
O'EZ 
h'LZ 

S'ZZ 
0'12 
S'OZ 
6'61 

L'EE 
L'8Z 
L'9Z 
S'bZ 

6-52 
h'EZ 
b'ZZ 
Z'LZ 

Z'LZ 
b'bZ 
Z'EZ 
6'12 

Z9'81 1 
6b-80 1 
OC'bOL 
CL'66 

61'96 
W'Z6 
hb'16 
0 9' 68 

tS'OO1 
SO S6 
bO'b6 
82'16 

LE'Z6 
L6'68 
00'68 
b9 - LE 

ZE'8LL 
88'601 
bE'901 
LO'ZOl 

lb'E6 
9L.06 
00'06 
CL'88 

ZZ'OL 1 
ZE'EOL 
RL'66 
Sl'S6 

pogo-1i-I 

pes 0-1 1 -8 

apso-i 1-8 

f6S 0-1 1 -8 

PLSO-11-8 

PSSO-11-8 
Pcs0-lL-a 
PESO-1 1-8 

LB'L6 
90'(16 
1 L'Z6 
26-06 

so- zz L 
8E 'EL 1 
8b.601 
99'bOL 

OZ'90L 
€9'00 1 
66'L6 
SS'b6 

SZ'60 1 
S9 '20 1 
$8'66 
89-96 

azso-i 1-8 
PLSO-11-8 
POS0-Ll-a 
P6b 0-1 1-8 

aet 0-1 L -a 
ut, 0-1 L -a 

ast, 0-1 L -8 

ab c 0-1 1 -8 

ai co-L L -8 

89CO-c 1-8 

P ECO-11-8 
IZCO-11-8 

80bO-11-8 
86EO-11-8 
mEO-lL-8 
PLEO-11-8 

P9EO-11-8 
PSEO-11-8 
8bE 0-1 1 -8 
a€€ 0-1 1 -8 

PZEO-L 1-8 
BCEO-11-8 
aoco-11-8 
P611 eo- -a 

ILZ 0-11 -a 
PBZO-Ll-8 

P9ZO-11-8 
aszo-ll-8 
Pb2O-11-8 
PEZ 0-1 1-8 
HZZO-Cl-a 
PLZO-11-8 

10 z 0-1 1-8 

Hi3 10-1 1-8 
PL 1 0-1 1-u 

a61 0-1 1-8 



Table C-6 (continued) 

- 
Run No. T" ' P, Psat* F c s  TC kc. Fw. "' Re Qc. Qw' gx  ,oo "0 ,  

O F  psla psia gpm O F  lb,,,/hr gpm ft /sec O F  Btu/hr Btu/hr Q 

E-1 1-0 61 3 
R- 11-0 623 
8- 1 1-0 631 
R-1 l-0643 

8-1 1-0653 
8-11-0663 
R- 1 1-0 671 
R-11-068s 

92.63 
96.11 
98.96 
104.56 

95.01 
99.28 
102.33 
109.09 

20.5 
21.9 
22.9 
25.2 

21.4 
22.9 
24.2 
27.2 

20.6 
21.9 
23.0 
25.4 

21.5 
23.2 
24. 4 
21.5 

0.1286 90.64 93.91 
0.1274 93.73 92.73 
0.1288 96.58 93.56 
0.1275 101.62 92.15 

0.1913 92.56 139.40 
0.1915 96.82 139.01 
0.1919 99.73 138.92 
0.1920 106.26 138.12 

22.5 
7.6 
5.2 
3.0 

22.5 
1.6 
5.2 
3.0 

18.1 
6.1 
4. 2 
2. 4 

la. 1 
6.1 
4. 2 
2. 4 

63340. 
21544. 
14898. 
8770. 

60438. 
20337. 
13945. 
8151. 

__.- 

83.97 
83.93 
84.41 
85.35 

79.99 
78.76 
78.32 
78.21 

89.67 
85.87 
87.16 
89.90 

80.98 
81.60 
82.39 
84.72 

0.63 
1.88 
2.76 
4.57 

0.93 
2.79 
4.01 
6-49 

8.31 
11.21 
13.17 
16.93 

14.52 
19.10 
21.98 
27.62 

\ c ,- 

7127. 

7046. 
6892. 

10549. 
10 465. 
104 19. 
10271. 

700~. 
7071. -0.8 
7128. 1.7 
7199. 1.5 
6822. -1.0 

10439. -1.0 
10563. 0.9 
10402. -0.2 
9117. -5.4 

535. 
390. 
333. 
254. 

453. 
341. 
295. 
232. 

c 



'&LE bob- 'SBZZ 'L6EZ 
'L9b L'L 'SEA2 -h6EZ 
'8ZS 8'L 'C6hZ 'OSbZ 
'569 b'L 'tLt2 'OhhZ 

'@DE 
'EEb 
'h 6h 
'9E9 

'1 bZ 
'6LZ 
'SO€ 
'1 SE 

'EBZ 
'1 bE 
'OVE 
'8hb 

'bZZ 
'651: 
'08Z 
'61 E 

'h9Z 
'ZlE 
'ZtE 
'86E 

'9LE 
'98E 
't EQ 
'9ES 

'8Z2 
'b9Z 
'L8Z 
'6ZE 

'BEE 
'ZZb 
'LLD 
'SO9 

'E 9E 
'9th 
'EZS 
'9L9 

'OOE 
'Z9E 
'OLb 
'86h 

9 'h- 'ZLZE 
E'L 'S9hC 
S'O- '€€*E 
E'S- '9LZE 

h'9- 'Lb8L 
L'O- 'Z6EB 
Z'L- 'LLEB 
L - 1- 'SB E8 

E.@- '6865 
9 '0- 'b8 19 
E'O- '€029 
2'0- '9LZ9 

0%- '9586 
O'Z- 'tLZO1 
6'0- '66ZOL 
O'L 'BESOL 

L 'C- '6E 99 
L '0 - OL69 
t '0 '91 LL 
1'0- 'SZLL 

L 't- 'tOL)tl 
6'1 'ZLLS 
8'Z 'LOZS 
E '1- .LL OS 

S 't- '6ZZ6 
b 'Z- '6Zk6 
Z'L- 'hEs6 
E '1 -0Z 86 

L'S- 'ZELE 
9'0- 'ZSLE 
E'O- 'LL6E 
E 'E- 'ZL8E 

L'h- 'SSBZ 

6 '0 *LZ OE 
L 'E- 'LZ6Z 

Z'E- 'BSbS 
6 '0- '0 LSS 
2 '0 'OZ9S 
S'O- '88SS 

n 'L 'OEOE 

'LEbE 
'ZZCE 
'LSDF 
'UD L 

'E8€8 
'ESb8 
'6LC8 
'6ZS 8 

- 19z9 
- ZZZ 9 
'6LZ9 
'L6Z9 

'ZLEO1 
'lzcol 
'68tOt 
'8ECOl 

'E969 
'LZOL 
'S80L 
'EELL 

'800s 
'SLOS 
'0905 
'Z8OS 

'1996 
'1996 
'Lb96 
'9696 

'956E 
'SL6E 
'E86C 
vooe 

'LL6Z 
'L86Z 
'Z66Z 
'EEOE 

'6E 9s 
'ZZ9S 
'LO95 
'EL9S 

zz-9 ES'L 
LO'S h6'0 
Lh'h 99'0 
BEY ZZ'O 

6C.6 6L'Z 
Z9'L bE'L 
EL'9 16'0 
LZ'S 6Z'O 

LS'EE hZ'S 
OZ'62 CZ-E 
LL'9Z LZ'Z 
6E'EZ bL'O 

SE'LZ OO'C 
09'LL UC'Z 
LL'SL (19.1 
ES'EL SS'O 

B9'th LS'9 
EL'BE E6'E 
EL'SE LL'Z 
OS'LE Z6'O 

BE'SZ hh'b 
OL'lZ 69'2 
56'61 88'1 
SZ'LC z9-0 

BZ'SL LZ'E 
S9'ZL OO'Z 
b2'LL LE'l 
EL'6 th'0 

A6'0t 91'9 
ZZ'SE E9.C 
PE'ZE tS'Z 
LE'8Z 98'0 

92x1 OS'Z 
80'6 ES'L 
b0'8 SO'L 
8E.9 hE'O 

16'L L6'1 
OE'9 Ll 'L 
LS'S 08'0 
ZE'P SZ'O 

tL'8L S9'E 
86'bL EZ'Z 
8L'EL OS'L 
58.01 6h.O 

8b'b6 S6'Z6 '90Z6 Z-Z O'E 6L'lC LL26 9ft0'0 h'EZ 
bE't6 Oh'E6 'h86SL 6.E Z'S 6L'LE LL'Z6 9EhO'O O'EZ 
SO'S6 6E'b6 'LESE2 S'S 9'L hS'ZE hL'f6 LCtO'O C'EZ 
EE'S6 LO'S6 'L9LlL 8-91 O'EZ 6E'ZE lS'E6 ShhO'O 6'ZZ 

88'Zb 
95'Z6 
CZ'Z6 
OL'Z6 

EZ'SL 
LE'EL 
80'ZL 
S9'OL 

SO't8 
YE'ZB 
hZ'L8 
S9'08 

SE'ZL 
LS'69 
ZZ'89 
LE'S9 

LE.08 
LS'BL 
L6'LL 
t8'9L 

61'06 
tO'68 
8F.88 
98 'LE 

68'01 
61-89 

98't9 

€1'16 
19'06 
011'06 
bh'06 

00'56 
Z4 'h6 
8L't6 
LO'b6 

bZ'L8 
56-58 
90'S8 
Oh'h8 

m*~9 

L9'06 
10'16 
6Z.16 
LE'Z6 

86'69 
LO 'OL 
L8'69 
88'69 

bo '08 
96'6L 
65'6L 
90 '08 

8L'SY 
65-59 
LS'S9 
6839 

L6*SL 
98'SL 
ZO '9L 
81 '9L 

96 '98 
90'LB 
LO'L61 
LE 'LE 

EL'h9 
99'b9 
LC'b9 
66Y9 

Z9.88 
LO'68 
EE'68 
90'06 

6O'Eb 
SE 'E6 
BE 'E6 
BL'E6 

OS'E8 
1 L 'E8 
tS 'E8 
Le'€@ 

'SO06 
'16551 
'LO8ZZ 
'CbY69 

'6ZLL 
'6ZZZl 
'EOLLL 
'ZO9ZS 

'LEO8 
'h8LEL 
'09661 
'Z9E09 

'0 L 89 
'Z9SLL 
'ObL9L 
'SLL6h 

'BS9L 
'OLLEL 
'ELL6L 
'4 OSLS 

'8 L98 
'156tL 
'09LlZ 
'68LS9 

'h699 
'Z6ELl 
'S9E9L 
'9ESbh 

'1 188 
'SYZSL 
'8 L EZZ 
'hh8L9 

'0126 
'96651 
'8CEEZ 
'StLOL 

'€LE8 
'6s 8E L 
'9S9OZ 
'6LZt9 

z '2 
8 'E 
s 'S 
8'91 

z 'Z 
(I 'E 
s 'S 
9-91 

z 'Z 
L1 'E 
S'S 
6'91 

z 't 
s '5 
9 '91 

z '2 
8'E 
s '5 
8 '91 

z 'Z 
8 'E 
S'S 
8 '91 

z 'Z 
(I*€ 
s 'S 
5) '91 

z 'Z 
61 'E 
s 'S 
8.91 

z '2 
8 -E 
s 'S 
8 '91 

z 'Z 
9 OF 
S '5 
8'91 

(I -E 

O'E 
z -5 
9'L 
O'EZ 

O'E 
z OS 
9'L 
8'Zt 

O'E 
z 'S 
9'L 
0 'LZ 

0 'E 
z 'S 
9'L 
61 'ZZ 

O'E 
z '5 
9'L 
O'EZ 

O'E 
z 'S 
9 'L 
O'EZ 

0.E 
z 'S 
s 'L 
(I'ZZ 

O'E 
z 'S 
9'L 
O'EZ 

O't 
z '5 
9'L 
O'EZ 

O'E 
0 '5 
S'L 
O'EZ 

89'Sh 9L9b 6Z90'0 
9h'SC tl'h6 SZ90'0 
6L'Sb tS'L6 6Z90'0 
OL'9t 89T6 EE9C-0 

LE'ZLL EblZOL 9SSL'O 
CS'ZLL 98.l.6 LSSL'O 
ZD'ZLL 18'hB 9tSL'O 
ZS'ZLL lh'L6 ' ZCSL'O 

U9'EB lS'66 tS11'0 
09'Z8 91'56 9ELL'O 
bZ'Z8 L6'16 BZLL'O 
ZO'f8 El1.06 LELL'O 

OE'OhL BZ'OLL 8S6l'O 
t9'6Cl LC'EOL SE61'0 
9S'RLl LL'66 hL6L'O 
SZ'8El 9SV6 0061'0 

86'Z6 E6'bb SEIZL'O 
ZZ'E6 E836 E8ZL-0 
18T6 C6X6 68ZC'O 
LL'h6 YZ'L6 06ZL'O 

16-99 6h%6 hZ60'0 
tS'L9 9L.96 'OE6O'O 
6L'L9 LOO56 0260'0 
LZ'L9 6EY6 tZ6O'O 

h6'6ZL OZ%OL CO81'3 
ZL'OZL 56-86 LLLC'O 
tO'BZ1 18-56 Z9LL-0 
8L'LZl 6Y.06 OSLL'O 

L9 'ZS 
8L'ZS 
18 'ZS 
20 'ES 

L9'6E 
Z L'6E 
SL'6E 
tz 'Oh 

59-96 
8trV16 
h8'€6 
2826 

EL'L6 
6 L 'S6 
LL'S6 
LE ?I 6 

SZ LO'O 
SZLO'O 
SZLO'O 
8 z LO'O 

LhSO'O 
LfISO'O 
LOSO'O 
ESSO'O 

OE'SL LO'OOL OhOL'O 
EL'bL ZL'96 6ZOL'O 
ZL'hL LY'h6 2201'0 
8L'hL ZLZ6 8LOL'O 

0 'hZ 
Z'EZ 
8'ZZ 
9 'ZZ 

1 '9Z 
8 'E2 
S'ZZ 
6 'OZ 

6'tZ 
6-22 
6-12 
O'LZ 

L'6Z 
Z'9Z 
s 'tZ 
Z'ZZ 

6'tZ 
0 'EZ 
z 'ZZ 
O'LZ 

L 'SZ 
L 'EZ 
O'EZ 
1 '22 

E'LZ 
z 'BZ 
6 'ZZ 
9-02 

6'LZ 
O'LZ 
9'ZZ 
1 'ZZ 

E 'bZ 
Y 'EZ 
z 'Et 
L'ZZ 

O'SZ 
h'EZ 
t 'ZZ 
C'LZ 

h'EZ 
O'EZ 
O'EZ 
6'ZZ 

L'EZ 
L'ZZ 
(I 'ZZ 
z 'ZZ 

L'SZ 
S'EZ 
Z'ZZ 
L'OZ 

L*tZ 
L'ZZ 
L'LZ 
L'OZ 

L'6Z 
6'SZ 
Z'hZ 
6'LZ 

L 'QZ 
L'ZZ 
6-12 
L 'OZ 

L'hZ 
z 'EZ 
S'LZ 
L'LZ 

6-31 
L'EZ 
h 'ZZ 
Z'OZ 

S'EZ 
L'ZZ 
z 'ZZ 
L'LZ 

O'tZ 
z 'Et 
6'22 
t 'ZZ 

6'hZ 
Z'EZ 
z 'ZZ 
S'LZ 

E6'66 
88'86 
61 '66 
85-86 

9Z'LOL 
LE'66 
8h-86 
LE'L6 

11-901 
68'001 
SL'L6 
99'E6 

6E'EOL 
9L-86 
61'96 
88' E6 

SL'EL L 
61z-901 
6S'ZO L 
98'96 

OS'EOL 
Z6'86 
16'96 
9L'E6 

S8'EOL 
OL'OOL 
h6'8b 
SL'96 

SL'BOL 
OL'LOL 
bS'86 
6L'Zb 

CL'LOL 
26-86 
06. L6 
€9'96 

S6'LO L 
tz-001 
62-66 
SZ'86 

SS'EO L 
18-66 
Bb'L6 
86'h6 

dLt 0-i 1-8 
d9hO-11-0 
ISQO-11-8 

IbhO-LL-I 
dnl0-L L -8 
IZb 0-1 1-8 
d 1 h 0-1 1-8 

dOt O-1 L -8 
d6F 0-1 1-8 
d8E 0-1 1-8 
dLEO-11-8 

d9E 0-1 1 -8 
ISE 0-1 1 -E 
dhEO-11-8 
dEEO-L L-8 

dZE 0-1 1 -D 
dLEO-L L-8 
dOEO-11-8 
d6Z 0-1 L -8 

d61ZO-11-8 
dLZ 0-1 1-8 
d9ZO-11-8 
dsz 0-1 L -8 

IPZ 0-1 1-8 
IEZO-11-8 
dZZO-11-E 
dl Z 0-1 L -E 

rlozo-L 1-8 
d6LO-11-8 
d8 L 0-1 1-8 
ILL 0-1 1-8 

d9 10-1 L -8 
IS L 0-1 L-8 
dh L 0-1 L -8 
dElO-LL-8 

I ZL 0-1 1-8 
a 1 1 0-1 1 -8 
IO1 0-1 L -8 
d600-L 1-8 

dtOO-11-8 
dE00-LL-8 
dZ00-11-8 
dL00-L 14 



T a b l e  C-8 . E x p e r i m e n t a l  d a t a  for R-11 c o n d e n s i n g  o n  t u b e  F1 

- 
Run No. T" P. PSat*  Fcs Tc * ic, F,.,. "' Re Tw, ins  T ~ , ~ ~ t *  ATws A T y  QC. Q w a  gx ,oo ",* 

*F p s i a  p s i a  gpm O F  l b m / h r  gpm ft/sec "F O F  O F  O F  B t u / h r  B t u / h r  Q h r - f t 2 . 0 F  Btu  

E- 11-00 1P 1 
R - 1  1-00211 
8-11-00391 
6- 1 1-0 0 SP 1 

&- 11-005P 1 

8- 11-007P1 
6- 1 1-008 F 1 

E- 1 1-0 09 P 1 
8- 1 1-0 1 0 I  1 
8-11-0 1111 
6- 11-0 l 2 P l  

R - 1 1-0 1 3 1  1 
B-ll-Ol411 
S- l l -015Pl  
8- 11-0 16P1 

6-1 i - o o 6 r i  

f i - i i - n i 7 I i  
6- 11-0 18F1 
E- 1 1-0 1 9 1  1 
E- 11-020F1 

n- 1 1-02 i r  1 
0- 11-0 221  1 
8- 11-0 231  1 
E- 1 1-0 2 4 1  1 

8-11-025P1 
E- 11-026F1 
6-11-02711 
6-11-02811 

98.17 
99.53 

100.64 
102.46 

97.29 
98 -58 
99.65 

102.31 

93.40 

101.91 
109.42 

97.25 
99.17 

100.48 
103.76 

94.18 
98.95 

102.12 
108.21 

96.60 
99.39 

101.64 

9e.72 

io5.ea 

95.53 
98.76 

101.20 
1C5.72 

8- 11-02911 94.38 

22.5 
23.0 
23.5 
24.2 

21.7 
22.2 
22.7 
23.9 

20.4 
22.5 
23.7 
27.4 

22.0 
22.7 
23.2 
24.7 

20.9 
22.7 
24.0 
26.7 

22.0 
23.2 
24.2 
25.9 

21.4 
22.7 
23.7 
25.7 

20.7 
22.4 
23.7 

22.7 
23.3 
23.7 
24.5 

i2.4 
22.9 
23.3 
24.4 

i0.8 
22.9 
i4.3 
27.6 

52.3 
23.1 
23.7 
is. 1 

21.1 
23.0 
24.3 
27.1 

22.1 
23.2 
24.1 
26.0 

21.7 
22.9 
24.0 
25.9 

21.2 
22.8 
24.0 
26.5 

C.0528 93.32 38.47 
0.0524 94.25 38.12 
0.0526 95.08 38.25 
0.0526 96.33 38.21 

C.0747 93.53 54.38 
0.0742 94.48 54.02 
C.0742 9c.36 53.97 
C.0745 97.67 54.01 

C.1881 91.69 131.21 
C.1876 96.59 136.21 
C.1885 99.37 136.54 
C.1921 106.84 138.13 

C.0939 93.93 68.36 
C.0933 95.61 67.79 
C.0939 96.59 68.19 
c.0943 99.53 ce.28 

0.1678 92.33 122.33 
C.1688 96.63 122.54 
C.1697 99.57 122.90 
C.1699 105.06 122.34 

C.1141 94.16 83.01 
C.1132 96.38 82.23 

C.1132 101.99 81.80 

0.1322 93.16 96.30 
0.1316 96.01 95.53. 
C.1328 98.26 96.25 
'2.1330 102.38 96.01 

c.1132 9e.46 82.04 

0.1526 92.31 111.26 
C.1531 95.63 111.29 
0,1521 98.65 110.19 
C.1550 103.85 111.75 

23.2 
7.6 
5.2 
3.0 

23.2 
7.6 
5.2 
3.0 

23.C 
7.4 
5.2 
3.0 

23.2 
7.6 
5.2 
3.0 

23.C 
7.6 
5.2 
3.0 

23.2 
7.6 
5.2 
3.0 

23.2 
7.6 
5.2 
3.0 

23.0 
7.6 
5.2 
3.0 

16.9 
5.5 
3.8 
2.2 

16. 9 
5.5 
3.8 
2.2 

16.8 
5.4 
3.8 
2.2 

16.9 
5.5 
3. R 
2.2 

16.8 
5.5 
3.8 
2.2 

16.9 
5.5 
3.8 
2.2 

16. 9 
5.5 
3.8 
2.2 

16.8 
5.5 
3.8 
2.2 

7 1864. 
23587. 
16202. 
9374. 

69488. 
22670. 
15509. 

E969. 

52218. 
16992. 
12022. 
7045. 

67578. 

15089. 
8740. 

55869. 
18589. 
12809. 

7475. 

65361. 
21466. 
14801. 
861C. 

62681. 
20609. 
14142. 

8193. 

58416. 
19369. 
13341. 
7767. 

22057. 

94.41 
s4.34 
94.52 
54.41 

91.39 
9C.69 
9c.45 
9C. 13  

6 e . 6 ~  
68.53 
68.47 

ee.93 

68.31 

88.16 
E7.84 
87.54 

73.86 
13.60 
73.62 
73.39 

e6.05 

e 6 . w  
E5.71 

85.93 

E i .  39 
82.07 
E1.89 
a i .  3 c  

17.37 
76.92 
76.93 
76.62 

94.70 
95.11 
95.64 
96.24 

91.78 
91.76 
91.98 
92.72 

69.54 
71.29 
72.36 
74. fl5 

89.41 
89.55 
89.83 
90.83 

74.69 
76.01 
77 -08  
79.1C 

86.63 
87.37 
88.38 
89.87 

83.05 
83.96 
84.63 
85.91 

78.12 
79.12 
80.15 
81.92 

0.24 3.62 
0.77 4.81 
1.12 5.57 
1.83 7.14 

0.34 5.71 
1.06 7.36 
1.52 8.44 
2.58 10.89 

0.90 24.32 
2.76 28.81 
3.88 31.89 
6.53 37.84 

0.43 8.09 
1.38 10.32 
1.98 11.64 
3.28 14.58 

O.RO 19.91 
2.39 24.15 
7.45 26.77 
5.69 31.96 

0.53 10.26 
1.67 12.85 
2.37 14.44 
3.92 17.94 

0.62 12.R1 
1.88 15.74 
2.74 17.94 
4.60 22.12 

0.71 16.63 
it- i 1-0301 1 
8-1 1-0 3 1 r .I 

98 3i 
1 o 1 . 4 1 

-. - . - . . ____-_...__.....__̂ _I.__ ., ..... __. . .. . .. . . ... - _. ..... 8-11-032El 107.10 26.2 

2.19 20.29 
3.21 22.87 
5.28 27-83  . ... 

2900. 
2869. 
2 075. 
2e t5 .  

4 104. 
4010. 
4061. 
4051. 

10404. 
10261. 
10246. 10268. 

5159. 
5104. 
5126. 
5112. 

5267. 
92261. 
9220. 
910R. 

6210. 
6190. 
6158. 
61C8. 

7283. 
7200. 
7229. 
7 170. 

8426. 

2831. -2.4 
29C3. 1.2 
2890. 0.5 
2734. -4.6 

3929. -4.3 
U0C5. -1.6 . -. .. 

3931. -2 .  2 
3859. -4.7 

ioltoi .  -0.0 
1c190. -0.7 
1C084. -1.6 

5782. -4.7 

5003. -3.C 
5212. i. 1 
5133. 0.1 
4907. -4.0 

5179. -C.9 
9077. -1.6 
e947. -3.0 
e522. -6.4 

6110. -1.6 
6318. 2.1 
6141. -0.3 
5856. - 4 . 1  

7210. -1.0 
7132. -1.0 
1103. -1.7 
6889. -3.9 

R135. -3.5 
8388. 
R214. 
R331. 

._.. 

712. 
E7f. 
4 9 E .  
287. 

692. 
5 3 3 .  
464.  
358. 

412. 
349. 
312. 
26 1. d 

614. 
w 
0. 

476. 
424. 
338. 

44F. 
3 6 E .  
2 3 2 .  
27:. 

C F S .  
464. 
4 1 1 .  
22E. 

54e. 
44 1. 
3 E E .  
21;. 

4P8. 
348.  
349. 
2 F E .  -. . - 

c 



Table C-9 . Experimental data for R-11 condensing on tube F3 

f 2 

Ps Ps,t* Fc* Tcs ic* Fws "*  Re 'w.ins Tw,out* ATw* n* Qc* Qw* 9 100 " 0 ,  
OF OF O F  Btu/hr Btu/hr Q Btu 

Run No. T" * 
OF psia psia gptn OF lb,,,/hr gpm ft/sec O F  

h r  .f t2 - O F  

R- 11-00113 

8-11-00313 
6- 11-0 0413 

8-1 1-00513 
8-11-00613 
6-11-0 0 7 1 3  

~ - 1 i - a o z r 3  

R- 1 1-0 o a r 3  

R- 1 1-0 0913 
6-11-01013 
R-11-01113 
E- 11-0 1213 

8-1 1-0 1313 
6- 1 1-0 14?3 
8- 1 1-0 1 5 1 3  

6-11-01713 
R-IY-o 1813 
s- i 1-0 1 9 r 3  
8- 1 1-0 2013 

98.23 
100.28 
101.91 
104.92 

98.35 
99.51 

100.30 
102 .04  

92.35 
96.60 

106.61 

97.46 
99 .17  

100.56 

96 .19  
99.39 

101.3C 
105.70 

99.71 

E-11-021?3 

E- 11-0 2313 
6- 11-02413 

6-1 1-022r3 

8-1 1-0 25r3 
E- 1 1-0 2 613 
8- 11-02713 
8- 11-0 2 8 1 3  

9 5 . s 7  
98 .52  

1co.clo 
103.90 

93.  e7 
98.OC 

100.81 
106.33 

22.2 
23.2 
23.9 
25.2 

22.4 
22.9 
23.2 
24.0 

20.2 
21.7 
23.2 
26 .0  

22.0 
22.7 
23.2 

21.4 
22.7 
23.4 
25.5 

21.2 
22.2 
23.0 
24.7 

20.9 
22-4 
23.5 
26.0 

22.7 

24 .3  
2 3 . 6  

25.6 

22. a 
23.3 
23.6 
24.3 

20.4 
22.1 
23. 3 
26.3 

22.4 
23.1 
23.7 

21.9 
23.2 
24.0 
25.9 

21.8 
22.8 
23.6 
25. 1 

21.0 
22.6 
23.8 
26.2 

0.0937 94.07 
C.0939 95.78 
0.0943 97.21 
0 .0944 95.67 

0 .0540 92.77 
0 .0545 93.68 
C.0540 94.32 
C.0547 96.01 

C.1797 90 .14  
C.1792 93.65 
C.1797 96.70 
C.1810 103.15  

0.0726 92 .72  
0 .0724 94.02 
C.0726 95.25 

C.1297 91.76 
C.1301 94 .81  
0.1293 96.57 
C.1301 100.56 

E.1122 
c .1120 
c .1120 
0.1120 

0.1570 
0.1568 
C.1580 
C.1583 

9 2 6 3  
91.40 
96.25 
99.29 

91.54 
95 .17  
97.71 

102 .80  

68.17 
68.21 
68.40 
68.37 

39.39 
39.66 
39.33 
39.73 

13 1.27 
130.50 
130.48 
130.59 

52.88 
52.67 
52.76 

94. 64  
94.64 
93.88 
94.10 

81.79 
81 .50  
81.36 
81.13 

114.57 
114.03 
114.58 
114.27 

23 .2  1 6 . 9  
7.6 5.5 
5 . 2  3 . 8  
3.0 2.2 

23.2 16 .9  
7 . 6  5 . 5  
5 . 2  3.8 
3.0 2 . 2  

23 .2  1 6 . 9  
7 . 6  5 . 5  
5 . 2  3.8 
3.0 2 . 2  

23.2 16 .9  
7 . 6  5.5 
5 .2  3.8 

23 .2  1 6 . 9  
7 . 6  
5.2 
3.0 

23.2 
7 . 6  
5 .2  
3 .0  

23 .2  
7 . 6  
5 . 2  
3.0 

5.5 
3.8 
2 . 2  

6 . 9  
5 . 5  
3.8 
2 .2  

6 .9  
5.5 
3.8 
2.2 

69278.  
22679. 
15568. 

9022. 

72094.  
23592.  
16152. 

9324.  

568153. 
18672. 
12852. 

7514.  

70189.  
23029. 
15820. 

64549. 

91.08 
90 .57  
90 .56  
90 .32  

94.69 
54 .34  
94.22 
43.88 

74 .51  
73.85 
73.75 
73.53 

92.27 
52.07 
42.19 

84 .82  
21221. E4.5C 
14563. €4.34 

8433.  ' E3.9C 

66045.  86.93 
21647. e 6 . w  
14861. e6.37 
8603. es .90  

60658. 75.67 
20007. 79 .47  
13781. 75 .52  
8025. 79 .21  

91 .56  
91.94 
92 .53  
93 .55  

91-98  
9s. 14 
95.38 
95.82 

75.40 
76.46 
77.47 
79.77 

92.65 
9 3 . 1 3  
93.72 

85.47 
86.39 
87.04 
88.39 

87.49 
88.07 
8 8 . 7 2  
89.75 

8C.44 
81.74 
82.77 
84 .59  

8-11-02913 91.82 20.1 ru.2 c .2134 89.85 155 .93  23.0 16.8 52835. t S . 4 1  70.47 
6-11-030t3 97.86 22.4 22.6 C.2149 95.30 116.22 7 . 6  5 . 5  17703. 65.44 72 .51  
6-11-03113 102.19 24.2 24.4 0.2172 95.59 157.25 5 . 2  3 .8  12247. 6S.58 74 .04  
8-11-03213 110.22 27.9 28.Q C.2180 107.01 156.75 3.0 2 . 2  7160.  €5.29 76 .70  

0.44 6 .91  
1.35 9 . 0 2  
1.96 10.37 
3.22 12.99 

0 .25  3 .51  
0 . 8 0  4.77 
1.16 5 .50  
1.93 7 . 1 9  

0 .85  17.40 
2.60 21.44 
3 .71  24 .10  
6 . 2 3  29.96 

0 . 3 3  5.00 
1 .05  6.57 
1.52 7 . 6 1  

0.61 11-04  
1.91 13.95 
2 .71  15.61 
4.48 19.55 

0 . 5 2  8 . 7 6  
1.64 11.27 
2.36 12.86 
3.84 16.C7 

0.74 13.81 
2.26 17.40 
3.25 1 9 . t 6  
5 .38  24.42 

1.02 21.87 
3.06 26.89 

7 . 4 0  37.23 
4-45  30.38 

5138.  
5129.  
5133.  
5111.  

2968. 
2985.  
2957.  
2981.  

9965.  
9856.  
9817.  
9742.  

1990.  
3966. 
3965. 

7151.  
7 1 2 3 .  
7050.  
7027.  

6182.  
6141.  
6117.  
6073.  

8682. 
8598.  
8609.  
8528. 

11845. 
11781. 
11796. 

5038. -2 .0 
5129. 0 .0  
5081. -1.0 
4810. -5 .9  

2866. -3 .5  
3040. 1 . R  
3009. 1.8 
2988. -3 .1 

2861. -1 .0  
5842. -0 .1  
9621. -2.0 
5318. -4 .4 

3871. -3.0 
3971. 0. 1 
3942. -0 .6 

7071.  - 1 . 1  
7230. 1.5 
7035. -0 .2  
6688.  - 4 . e  

6020.  6215. -2 .6  1 . 2  

6117. 0 . 0  
5732. -5 .6  

8588. - 1 . 1  

8423. - 2 . 2  
e553. - 0 . 5  

e o u .  -5.6 

11734. -0 .9  
11616. - 1 . 4  
11557. - 2 . 0  

11640. 11076. -4 .P  - - - - -- -. 

71C. 
54E.  
477. 
379. 

* € 1 5 .  
C C ? .  
518. 
4 c c .  

5 5 2 .  
4411. 

w 769.  v 
5e2.  
5 0 2 .  

€ 2 4 .  
492. 
435. 
3 4 6 .  

c e c .  
525. 

360. 

6 0 6 .  
4 7 € .  
422. 
23C. 

522. 
422. 
274. 
301. 

45e.  

. -  



Table C-10. Experimental data f o r  R-11 condensing on tube F7 

-- 
Run No. TV Ps P,,ts F,s Tcs iCs Fws '* Re Tw,ins Tw,outs ATw* 4,s QW, 3 ,oo u o s  

O F  psia ps ia  gpm O F  lb,,,/hr gpm f t /sec  O F  O F  O F  O F  Btu/hr Btu/hr Q h r . f  B t U  t2 -"F 

8-11-00517 
8- 11-006P7 
8- 11-00717 
6- 11-008P7 

8-1 1-009P7 
8- 11-0 10P7 
8- 1 1-0 11 17 
6-1 1-012P7 

fi-11-013F7 
6- 11-01417 
8- 11-015P7 
R- 11- C16P7 

6- 11-0 17F7 
8-11-01837 
6- 1 1-019P7 
6-11-020F7 

8-  11-02117 
R- 11-02217 
8- 11-02317 
8- 11-024P7 

8- 11-02517 
8-11-02617 
8- 11-027P7 
8- 11-02817 

6 -  11-02917 
8-11-03017 
8-11-03117 
8-11-03217 

8-11-03317 
R- 11-03413 
8- 11-035F7 
B-11-036P7 

8-11-03717 
8- 11-038P7 

6-11-04017 
n- 11-039~7 

8- 11-04117 
6-11-04217 
8-11-04317 

95.7 3 
97.77 
99.33 
102.53 

98.70 
99.19 
99.43 
100.70 

93.28 
98.37 
101.18 
108.40 

97.67 
99.27 
100.58 
101.81 

94.13 
98.06 
101.10 
107.10 

96.06 
99.15 
101.70 
106.63 

96.02 
98.29 
100.68 
104.2 1 

94.29 
97.88 
100.26 
105.86 

98.15 
99.29 
99.91 
101.66 

91.85 
97.56 
101.35 

21.2 
22.2 
22.7 
24.2 

22.4 
22.7 
22.9 
23.2 

20.4 
22.2 
23.5 
26.7 

22.0 
22.7 
23.4 
23.9 

20.7 
22. 4 
23.5 
26.2 

21.5 
22.7 
24.0 
25.9 

21.5 
22. 4 
23.2 
25.0 

20.9 
22.2 
23.4 
25.7 

22. 4 
22.9 
23.2 
23.9 

19.9 
22.0 
23.7 

21.7 
22.5 
23.2 
24.5 

22.9 
23.1 
23.2 
23.7 

20.8 
22.8 
23.9 
27.1 

22.5 
23.2 
23.7 
24.7 

21.1 
22.7 
23.9 
26. C 

21.9 
23.1 
24.2 
26.3 

21.9 
22.8 
23.7 
25.2 

21.2 
22.6 
23.6 
26.0 

22.7 
23.2 
23.4 
24.2 

20.3 
22.5 

0.0949 
0.0947 
0.0949 
0.0970 

0.0545 
0.0545 
0.0545 
0.0545 

0.1899 
0.1913 
0.1913 
0.1925 

0.0726 
0.0726 
0.0740 
0.074R 

0.1689 
0.1 694 
0.1716 
0.1728 

0.1326 

0.1341 
0.1 357 

0.1149 
0.1150 
0.1194 
0.1147 

0.1 526 
0.1531 
0.1541 
0.1561 

0.0736 
0.0740 
0.0736 
0.0740 

0.2126 
0.2145 

0.1328 

92.51 69.1R 
93.81 68.95 
95.21 69.01 
97.92 70.33 

93.44 39.67 
93.95 39.66 
94.23 39.64 
95.07 39.61 

90.75 138.63 
95.37 139.04 
98.09 138.68 
105.06 138.65 

93.04 52.87 
94.37 52.80 
95.74 53.78 
97.17 54.30 

91.37 123.23 
94.96 123.22 
97.84 124.44 
103.54 124.66 

93.09 96.60 
95.83 96.47 
98.19 97.21 
102.93 97.95 

92.85 83.69 
95.14 83.64 
97.06 83.03 
99.65 83.07 

91.82 111.31 
95.17 111.33 
97.14 111.82 
102.50 112.71 

94.28 53.56 
95.23 53.83 
95.87 53.48 
97.32 53.72 

89-47 155.39 
94.69 156.92 

23.2 16.9 
7.6 5.5 
5.2 3.8 
3.0 2.2 

23.2 16.9 
7.6 5.5 
5.2 3.8 
3.0 2.2 

23.0 16.8 
7.6 5.5 
5.2 3.8 
3.0 2.2 

23.2 16.9 
7.6 5.5 
5.2 3.8 
3.0 2.2 

23.0 16.8 
7.6 5.5 
5.2 3.8 
3.0 2.2 

23.2 16.9 
7.6 5.5 
5.2 3.8 
3.0 2.2 

23.2 16.9 
7.6 5.5 
5.2 3.8 
3.0 2.2 

23.0 16.8 
7.6 5.5 
5.2 3.8 
3.0 I .  2 

23.2 16.9 
7.6 5.5 
5.2 3.8 
3.0 2.2 

23.0 16.8 
7.6 5.5 

67400. 
22043. 
1511 3. 
8737. 

72604. 
2357 1. 
16029. 
9216. 

57111. 
19025. 
13075. 
7646. 

70804. 
23218. 
15908. 
9065. 

59767. 
19778. 
13605. 
7930. 

64959. 
21288. 
14635. 
8556. 

66121. 
21551. 
14919. 
8630. 

61281. 
20274. 
13895. 
8082. 

71088. 

15761. 
9053. 

53661. 
17869. 

23148. 

88.70 
88.10 
87.96 
87.46 

95.32 
94.25 
93.54 
92.85 

75.50 
7C.22 
75.01 
74.74 

93.04 
92.80 
92.68 
91.06 

79.15 
78. 44 
78.33 
78.00 

E5.34 
84.73 
84.83 
e5.09 

87.01 
06.03 
e6.66 
e6.10 

81.20 
80.57 
eo. 20 
79.79 

93.40 
92.51 
91.84 
90.93 

70.57 
70.13 

89.18 
89.50 
89.99 
90.85 

95.62 
95.07 
94.70 
94 .79 

76.44 
77.99 
78.89 
81.29 

93.43 
93.85 
94.22 
93.65 

79.98 
80.92 
81.88 
83.87 

86.01 
86.68 
87.66 
89.64 

87.60 
87.72 
89.08 
90.09 

81.96 
82.79 
83.43 
85.17 

93.78 
93.60 
93.41 
93.55 

71.63 
73.22 

0.44 6.79 
1.39 8.97 
2.02 10.35 
3.38 13.37 

0.25 3.23 
0.82 4.53 
1.16 5.32 
1.93 6.89 

0.90 17.30 
2.75 21.76 
3.87 24.23 
6.53 30.39 

0.35 4.49 ..__ 

1.04 Si95 
1.52 7.1? 
2.58 9.45 

0.79 14.57 
2.46 18.38 
3.54 20.99 
5.86 26.17 

0.62 10.38 
1.96 13.44 
2.84 15.46 
4.54 19.26 

0.54 8.72 
1.70 11.41 
2.43 12.82 
3.97 16.11 

0.73 12.71 
2.20 16.21 
3.21 18.44 
5.38 23.38 

0.33 4.57 
1.08 6.24 
1.56 7.29 
2.60 9.42 

1.03 20.75 
3.08 25.88 

5231. 
5200. 
5195. 
5274. 

2989. 
2986. 
2984. 
2 977. 

10513. 
10479. 
10416. 
10320. 

3988. 
3975. 
4042. 
4075. 

9335. 
9290. 
9347. 
9299. 

7301. 
7264. 
7297. 
7 307. 

6325. 
6304. 
6 240. 
6216. 

8431. 
8396. 
8408. 
8416. 

4038. 
4052. 
4023. 
4032. 

11804. 
11770. 

5142. -1.7 
5262. 1.2 
5232. 0.7 
5043. -4.4 

2947. -1.4 
3100. 3.8 
2999. 0.5 
2891. -2.9 

10384. -1.2 
10415. -0.6 
10031. -3.7 
0776. -5.3 

3998. 0.3 
3922. -1.3 
3947. -2.4 
3852. -5.5 

9087. -2.7 
9331. 0.4 
9175. -1.8 
@773. -5.6 

7199. -1.4 
7446. 2.5 
7353. 0.8 
6784. -7.2 

6217. -1.7 
6431. 2.0 
€288. 0.8 
5930. -4.6 

8364. -0.8 
8360. -0.4 
8335. -0.9 
8049. -4.4 

3848. -4.7 
4084. 0.8 
4038. 0.4 
3891. -3.5 

11837. 0.3 
11689. -0.7 

24.0 0.2156 98.38 156.25 5.2 3.8 12311. 7C.10 74.54 4.43 29.02 11733. 11484. -2.1 389. 
B-11-04417 110.30 27.7 28.0 0.2186 106.91 1 5 7 z -  _-.lrO--_ 2.2__ '22. 70.03 77.57 7.53 36,50 11671. 11275,-:3.4 305. 

742. 
5 5 s .  
483. 
380. 

892. 
€35. 
541. 
416. 

5 E 5 .  
964. 
914. 
327. 

E65. 
644. 
546. 
416. 

617. 
487. 
429. 
342. 

677. 
521. 
455. 
365. 

699. 
532. 
469. 
372. 

639. 
499. 
439. 
347. 

852. 
626. 
532. 
412. 

548. 
Q38. 

4 c h r 4' c 
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Table C-11. Experimental data f o r  R-11 condensing on tube G 

c 

- 
Run No. T" * p, P,,t. F,. T c s  ic, Fw. " $  Re Tw,ins Tw,out'  AT^' Qc* QW, 9 x 100 " 0 .  

"F psia psla gpm "F lb,,,/hr gpm f t /sec  "F "F "F "F Btu/hr Btu/hr Q hr.fti.'F Btu 

6-11-0056 
E- 11-0 066 
8- 1 1-0076 
8-11-0086 

8-1 1-0096 
6- 11-0 106 
6- 1 1-0 1 16 
8- 11-0 126 

6- 11-0 136 
6-  1 1-0 146 
6 - 1  1-0 156 
8-1 1-0 166 

8-  11-0 176 
6-11-0186 
8- 11-0 196 
6- 1 1-0206 

8711-0216 
8- 11-0226 
6- 1 1-0 2 36 
6- 11-0246 

I - 1 1 - 0 2 5 6  
6- 1 1-0 266 
8- 11-0 276 
6-11-0286 

6- 11-0 296 
6- 1 1-0 306 
6- 11-0316 
6- 11-0 326 

6- 11-0 336 
8- 1 1-0 346 
R- 1 1-0 356 
6-11-0366 

6-  11-0 376 
6- 11-0386 

99.21 
100 .2 1 
100.81 
102.5s 

97.01 

9 9  .8 1 
102.21 

f?8.El 
95.15 
98.99 

107.48 

95.e4 
98.23 
99.91 

103.13 

92.59 
97.69 

100.99 
107.96 

95.02 
97.85 

100.c9 
103.E8 

94.57 
98.48 

1C0.95 
1C6.37 

99.79 
100.97 
101.76 
103.26 

90.66 
97 .C8 

98.58 

22.9 23.1 
23.2 23.5 
23.5 23.8 
24.2 24.5 

21.9 22.2 
22.7 22.9 
23.2 23.4 
24.2 24.4 

18.9 19.2 
21.2 2l.S 
22.7 23.0 
26-5 26.7 

21.5 21.8 
22.5 22.7 
23.2 23.4 
24.5 24.8 

20.2 20.5 
22.2 22.5 
23.7 23.9 
26.7 26.9 

21.0 21.5 
22.2 22.6 
23.0 23.5 
24.7 25.0 

20.9 21.3 
22.4 22.8 
23.4 23.9 
25.7 26.2 

23.0 23.4 
23.5 23.9 
23.7 24.2 
24.5 24.8 

0.0533 93.96 38.80 
C.0533 94.81 38.77 
0.0525 95.36 38.13 
c.0525 9c.51 38.09 

0.0652 92.99 47.49 
C.0654 93.98 47.59 

C.0656 97.19 47.61 

C.1785 87.34 130.71 
0.1789 92.92 130.35 
C.1804 96.46 131.02 
C.1819 104.29 131.11 

0.0863 92.17 62.91 
0.0865 94.16 62.95 
C.0861 95.54 62.56 

c.06se 911.96 47.86 

c.0861 9e.17 62.87 

C.1563 90.52 114.15 
C.1576 94.90 114.61 

C.1605 104.SU 115.67 

0.1079 91.87 78.72 
C.1075 94.03 78.26 
C.1075 96.25 1 8 - 1 0  
C.1071 98-95 77.60 

C.1313 91.92 95.72 
C.1318 95.45 55.79 
C.1322 97.57 95.87 
C.1320 102.44 95.33 

C.0421 92.85 3C.65 
0.0416 93.60 30.32 
C.0408 94.19 29.67 
C.0410 95.41 29.80 

c.1585 9e.01 114.91 

19.4 19.8 
21.9 22.3 
23.7 2 & - 1  

C.1866 8e.78 136.46 
C.187C 94.49 136.04 
C.1896 98.83 137.37 

24. 0 
7.6 
5.2 
3. c 

23.8 
7. € 
5.2 
3.0 

23.8 
7.5 
5.2 
3.0 

23.8 
7.6 
5 .1  
3.0 

23.8 
7.5 
5. i 
3.0 

23.8 
7.6 
5.2 
3.0 

23.8 
7.6 
5.2 
3.'0 

23.8 
7.6 
5.2 
3. c 

23.5 
7.5 
5.2 

13.1 
4. 1 
2.8 
1.'6 

13. 0 
4.1 
2.8 
1.6 

13.0 
4. 1 
2.8 
1.6 

13.0 
4.1 
2.8 
1.6 

13.0 
4.1 
2.8 
1. 6 

13. 0 
4.1 
2. 8 
1. 6 

13. 0 
4. 1 
2.8 
1. 6 

13.0 
u. 1 
2. 8 
1.6 

12.A 
4.1 
2.8 

69057. 
21770. 
14875. 

8584. 

65695. 

14367. 
2095e. 

8301. 

45753. 
14659. 
1C246. 

6014.  

62778. 
20080. 
13518. 
7982. 

51596. 
16403. 
11433. 

6661. 

59810. 
19109. 
13142. 

7622. 

564 10. 
18CRC. 
12423. 
7223. 

69914. 

15318. 
22328. 

8847. 

45465. 
14744. 
10322. 

53.99 
53.33 
93. os 
S2.7C 

90.32 
e9.9c 

ES.52 

61.68 
6 1.96 
61.98 
61.95 

e9. 87  

€6 .  3e 
e t . i o  
E C . C @  
85*80 

7c.39 
70.27 
1 C .  17 
€S. 96 

e2. 1 1  
€1.65 
Q1.75 
e i . 5 1  

77.42 
77.05 
16.98 
16.67 

55.87 
55.83 
95.94 
55.74 

62.11 
02.31 
62. 4 c  

94.27 
94.13 
94.16 
94.57 

90.64 
90.88 
91.24 
91.86 

62.54 
64.5R 
65.69 
66.16 

86.80 
87.30 
87.93 
88.86 

71.14 
72.57 
73.46 
75.42 

82.69 
83.26 
84.05 
85 .  i b  

78.05 
79.01 
79.75 
81.2H 

96.10 
96.45 
96.92 
97.22 

63.00 
65.04 
66.31 

0.24 
0.P0 
1.11 
1.87 

0.29 
0.97 
1.36 
2.32 

0.85 
2.62 
3.71 
6.21 

0.39 
1.26 
1.87 
3.04 

0.72 
2.29 
3.2R 
5.45 

0.48 
1.56 
2.28 
3.65 

0.59 
1.90 
2.76 
4.58 

0.19 
0.6 1 
0.88 
1.48 

0.89 
2.72 
3.91 

5.08 
6.4q 
7. io 
8.92 

6.53 
8.19 
9.25 

11.52 

26.76 
31.8E 
35. I t  
42.43 

9.25 
11.50 
12.91 
15. R O  

21.83 
26.21 
29.1F 
35.2E 

12.59 
15.37 
17.19 
20.34 

16.84 
20.44 
22.59 
27.39 

3.91 
4.83 
5.38 
6.78 

29. 11 
33.41 
37.24 

2921. 
29 15. 
2 @ € 5 .  
21356. 

3585. 
3586. 
3601. 
3571. 

9965.  
9Q63. 
9867. 
9770.  

4756. 
4745. 
4706. 
4710. 

8663. 
8645. 
Rb32. 
8614. 

5957. 
5902. 
5874. 
5910. 

7248.  
7218. 
7202.  
7114.  

2.306. 
2270. 
2227. 
2232. 

1C380. 
10269. 
10311. 

fH69. -1.9 
3017. 3.5 
2967. C . l  
21300. -2 .n 

3284. - E . 4  
3668. 2 .7  
,527. -2.0 
3472. -2.8 

1C096. 1.3 
3815. -0.5 
9653. -2.2 
5310. -4 .7 

4469. -6.0 
4785. C.8 
4747. c.9 
4541. -3.6 

8550. -1.3 
8600. -0.5 

8161. -5.3 

5746. -3.5 

5920. 0 . R  
5458. -6 .1 

7005. -3.3 
72CO. -0 .3  
7160. -0 .6 
tR57.  -3.6 

2217. -3.9 
1320. 1.9 
2270. 2.0 

e527. -1.2 

5915. 0.2 

i 2 c 2 .  -1.*4 

46E. 
? E t .  
324. 
261. 

04;. 
357. 
217. 
2Cf. 

2C3. 
iCi. 
i 2 9 .  
1Pi .  

414. 
336. 
297. 
i 4 2 .  

223. 
268. 
2 4 1 .  
159. 

385. 
312. 
Z l € .  
233. 

35C. 
i E E .  
i6C- 
ill. 

493. 
2 € U .  
337. 
2F.e. 

301. 
2 5 C .  
i 2 t .  

10310. -0.7 
lC2C8. -0.6 
lC167. -1.4 I-11-039G 101;60 _ _ _  

I -11-0406 110.28 27.7 28iO Ci1916 106.94 137.74 3.0 1.6 603@. 62.09 68.59 6.50 44.93 10228. 9746. -4 .7  185. __ _- - - _ .  - . . __ - - - - . - - -_ - - - - 
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Table  C-12. Experimental data  f o r  R - 1 1  condensing on tubeH 

~ - 
Qc. Qw* g ,oo ",* Run No. T" p, P s a t '  Fc. Tc 9 i c' F\v' "' Re Tw,in'  Tw,outa ATwy 

B t i i  
h r . f t 2 . 0 F  

OF Btu/hr Btu/hr Q OF p s i a  p s i a  gpm OF lb,/hr gpm f t / s e c  "F O F  OF 

R-11-001H 
8-11-0028 
R- 1 1-0 038 
R-11-004H 

R-11-0098 
R-11-0 108 
R- 11-0 1 1 H  
R-11-0 12B 

8-1 1-013H 
8-1 1-0 14H 
R-11-0 15H 
B-11-0 16A 

R-11-017H 

8-11-019H 
8-11-O2OH 

R- 11-0 1 8 ~  

R-11-O21H 
R-11-O22H 
R-11-023R 
R-11-024H 

R-11-025H 
8-11-0268 
R-11-0278 
R-11-0 28H 

R-11-029H 
R-11-030H 
R- 11-0 3 1 H 
R- 1 1-0 32H 

R-11-033A 
A - 1  1-034H 
R-11-0 35H 
R-11-036H 

R-11-037H 
R-11-0 38 H 
R- 1 1-0 39H 
8-1 1-040tl 

R-11-O9lA 
R-11-042H 
U- 1 1-0 43H 

99.49 
99.93 

100.42 
101.58 

98.39 
99.60 

100.52 
102.36 

95.42 
100.32 
102.98 
108.77 

97.77 
99.41 

100.66 
102.91 

97.20 
101.30 
103.13 
107.29 

99 .45  
99.89 

100.26 
100.97 

97.56 
99 .93  

101.37 
104.50 

96.65 
98.28 

100.28 
102.79 

99.19 
100.11 
100.83 
102.44 

96 .56  
100.54 
102.89 

22.9 

23.4 
23.9 

22.7 
23.2 
23 .5  
24 .2  

21.2 
23.2 
24.4 
27.0 

22.2 
23.0 
23.4 
24.5 

22.2 
23.7 
24.7 
26. 4 

22.9 
23.2 
23.4 
23.7 

22.2 
23.2 
23.9 
25.2 

21.7 
22.7 
23.2 
24.4 

22.7 
23.2 
23.5 
24-2  

21.7 
23.4 
24-4  

23.0 
23.2 
23. 4 
23.6 
24. 1 

22.8 
23-3 
23.7 
24.4 

21.6 
23.6 
24.7 
27.3 

22.5 
23.2 
21.7 
24.7 

22.3 
24.0 
24.8 
26.6 

23.2 
23. 4 
23.6 
23.9 

22.5 
23.4 
24. 0 
25.4 

22.1 
22.8 
23.6 
24. 6 

23. 1 
23.5 
23. R 
29-5 

22.1 
23.7 
2U.7 

0.0551 94 .87  40.08 

0.0547 95.46 39 .75  
0 . 0 ~ 4 9  95.12 39-92 

0 . 0 5 ~ 7  96-42  39.72 

0.0848 95.17 61.63 
0.0841 96.07 61.12 
0.0841 96.83 61.08 
0.0846 98 .54  61.28 

0.2546 93.98 185.35 
0.2559 98.54 185.46 
0.2580 101.13 186.56 
0.2612 106.68 107.87 

0.1122 94.RO 81.60  
0.1122 96.25 81.49 
0.1126 97 .40  81.67 
0.1131 99.61 81.87 

0.1889 95.16 137.33 
0.1967 99.05 142.46 
0.1977 100.62 143.03 
0.1992 104.65  143.56 

0.0468 94.46 34.08 
0.0461 94.56 33.60 
0.0464 94 .92  33.75 
0.0464 95.45 33.73 

0.1608 95.36 116.R8 
0.1602 97.30 116.22 
0.1611 98.58 116.75 
0.1616 101.53 116.82 

0.1349 98.17 98.19 
0.1351 96.01 98.13 
0.1349 97.40 97.85 
0.1356 99.63 98.15 

0.0716 94-81  52.06 
0.0711 95.52 51.71 
0.0711 96.16 51.68 
0.0711 97.65 51.61 

0.2200 94.U0 160.09 
0.2203 98.07 159.71 
0.2218 ion. 3 3  160.49 

22.2 
7 .6  
5.2 
3.0 

22.2 
7.6 
5 . 2  
3.0 

22.0 
7.6 
5.2 
3.0 

22.2 
6 . 8  
5 . 2  
3.0 

22 .2  
7 .6  
5 . 2  
3.0 

22.2 
7 .6  
5.2 
3.0 

22.0 
7.6 
5 .2  
3.0 

22.2 
7 .6  
5 .2  
3.0 

22.2 
7 .6  
5 .2  
3.0 

22.0 
7. 5 
5 .2  

45. 0 
15.4 
10 .5  

6.1 

45.0 
15.4 
10.5 

6 .1  

44. 6 
15. 4 
10.5 

6 .1  

45 .0  
13.8 
10.5 

6. 1 

45.0 
15. 4 
10.5 

6. 1 

45. 0 
15. 4 
10.5 

6. 1 

14 .6  
15. 4 
10.5 

6. 1 

45.0 
15.4 
10 .5  
6. 1 

45 .0  
15.4 
10.5 

6.1 

U4.6 
15.2 
10.5 

8362U. 
28535. 
19567. 
11336. 

81166. 
27825. 
191 19. 
11112. 

6561 0. 
23150. 
160 3 1. 

94R8. 

78622. 
24130. 
18575. 
10799. 

73006. 
25304. 
17454. 
10236. 

84134. 
28747. 
19687. 
11369. 

74444. 
25844. 
17770. 
1038 3. 

76002. 
26183. 
18029. 
10499. 

82644. 
28291. 
19424. 
11268. 

69302. 
23958. 
16802. 

96.14 
95.59 
95.61 
95.58 

93.26 
92.99 
93.09 
93:12 

75.75 
76.23 
76.34 
76.55 

90.40 
90.05 
90.25 
90.09 

83.79 
83.90 
83.93 
84. 08  

96.72 
96.33 
96.25 
96.01 

86.38 
86.08 
85.95 
85.95 

87.52 
87.33 
87.42 
87.30 

94.91 
94.57 
94.66 
94.78 

80.19 
00.27 
80.49 

96.47 
96.43 
96. 80 
97.60 

93.72 
94.23 
94.R9 
96.17 

77.05 
79.90 
81.70 
85.59 

91.00 
91.69 
92.64 
94.14 

84.75 
86.70 
88.02 
90.92 

96.99 
97.03 
97.27 
97.69 

87.21 
88.35 
09.31 
91.48 

88.22 
89.31 
90.32 
92.04 

95.29 
95.62 
96.15 
97.31 

81.31 
83.50 
85-14  

0.28 3 .19  
0.83 3 .92  
1.19 4.21 
2.02 4.99 

0 .42  4.89 
1.24 5.99 
1.80 6 .53  
3-04  7.71 

1.26 19.02 
3.66 22.25 
5.34 23.96 
9.02 27.70 

0.55 7 .07  
1-63  8.54 
2-37 9 .22  
4.04 10.80 

0.91 12.93 
2.81 16.00 
4.11 17.15 
6.82 19.79 

0.23 2.60 
0.70 3.21 
1.02 3.49 
1.68 4.12 

0.78 10.76 
2.28 12.72 
3.38 13.74 
5.51 15.79 

0 .65  8.78 
2.00 9 .96  
2.91 11.41 
4 .73  13.12 

0 .34  4 .09  
1.04 5.02 
1.49 5.42 
2 .53  6.39 

1.08 15.81 
3.21 18.66 
4.64 20.07 

P-11-044H 107.27 26.4 26.6 0.2223 10_4,~5-~160,19_ - 3 . 0 -  6.1 9861(, 80.42 R8.16 

3016. 
3003. 
29R8, 
2981. 

4645. 
4600. 
4591. 
4596. 

14019. 

13981. 
13977. 

6155. 
61 34. 
6138. 
6136. 

10365. 
10698. 
10716. 
10700. 

2565. 
2528. 
2538. 
253U. 

8818. 
8742. 
8766. 
873R. 

7415. 
7397. 
7357. 
7 357. 

3920. 
3889. 
3883. 
3870. 

12092. 
12005. 
12028. 

13904. 

3124. 3.6 
3144. 4.7 
3072. 2.0 
3015. 1 .1  

4688. 0.9 
4686. 1.9 
4670. 1.7 
4550. -1.0 

13850. -1.2 
13873. -0 .5  
13858. -0.9 
13496. -3.4 

6137. -0 .3  
5534. -9.8 
6138. 0.0 
6035. -1.6 

10111. -2.4 
10665 6 -0.3 
10659. -0.S 
10192. -9 .0  

2572. 0 .3  
2642. 4.5 
2635. 3.8 
2503. -1 .2  

8536. -3 .2  
8638. -1.2 
87Q9. -0 .2  
8240. -5.7 

538. 
435. 
40 3. 
390. 

539. 
937. 
399, 
339. 

U19. 
356. 
332. 
287. 

495. 
408. 
378. 
323. 

456. 
380. 
355. 0 
307. 

d 

P 

56 1. 
447. 
413. 
350. 

465. 
390. 
363. 
314. 

7242. -2.3 
7555. 2.1 
7539. 2.5 
7067. -3.9 

, 
3770, -3.8 
3956. 1.7 
3856. -0.7 
3770. -2.6 

11842. -2.1 
12029. 0 .2  
12037. 0.1 

7.74 22.98 11940.-- -111-581=320- 

? rr 

. .  . 

480. 
422. 
366. 
319. 

544. 
440. 
407. 
344. 

435. 
366. 
340, 
395, 

c 
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T a b l e  C-13. Exper imenta l  d a t a  f o r  R-11 c o n d e n s i n g  o n  t u b e  J 

- 
Run No. T" P, Psat*  Fc* T,s i,, Fws ". Re Tw,in' Tw,outs "w* A T s  Q c 9  Qw* a x  ,oo ",* 

O F  p s i a  p s i a  gpm O F  lb,,,/hr gpm ft/sec O F  O F  OF O F  B t u / h r  B t u / h r  Q B t u  
hr.f t2.0F 

8- 11-005 J 
8- 1 1-0 06  J 
I- 11-007 J 
E-  11-0085 

P-11-009J 
6- 11-0 1 OJ 
8-1 1-0 1 15 
6- 11-0 1 2 3  

8- 1 1-0 135 
8- 1 1-0 1 4 J 
a- 11-0 1SS 
6-1 1-0 l 6 J  

6- 11-0 173 
6-1 1-0 18J 
8- 11-0 19J 
P - 1 1-0 20 J 

6- 11-02 1J 
6-1 1-022J 
8- 11-023J 
I- 1 1-0 24J 

8-  1 1-0 25J  
R- 11-0 2 65 
8-1 170275 
8-11-0285 

I- 1 1-0 29J 
8- 1 1-0 30 J 
6- 11-03 1J 
B- 11-0325 

8- 11-0 3.93 
a-11-0305 
P- 11-0355 
6-1 1-0365 

E- 1 1-0 37 J 
8- 11-0385 
E-11-0395 
8-  11-OclOJ 

99.33 
100.50 
101.41 
103.28 

96.30 
98.29 
99.77 

103.07 

92.86 
97.62 

101.03 
108.09 

97.58 
98.72 
99.77 

t 01.68 

97 . 58 
98.72 
99-77 

t o i . 6 a  

95.47 
96.99 
98.13 

100.75 

95.64 
98.31 

100.07 
104 .s4  

99.97 
98.97 

101.81 
Y 07.65 

100.73 
101.51 
102.19 
103.72 

22.9 
23.2 
23.7 
24.7 

21 -7 
22.4 
23.0 
29.4 

20 .2  
22 .2  
23.5 
26.5 

22.0 
22.9 
22.7 
23.7 

22.0 
22.4 
22.7 
23.7 

21.2 
21.9 
22.2 
23.4 

21.5 
22.5 
23.2 
25.4 

21.0 
22.7 
24.0 
26.7 

23.4 
21.6 
24.2 
24.7 

23 .2  
23.7 
24.0 
24.8 

22.0 
22.8 
23.4 
24.8 

20.6 
22.5 
23.9 
27. D 

22.5 
22.9 
23.4 
24.2 

22.5 
22.9 
23 .4  
24.2 

21.6 
22.2 
22.7 
23.8 

21.7 
22.8 
23.5 
25.4 

21.2 
23.0 
24.2 
26.8 

23.8 
24.1 
24.4 
25.0 

0.0539 93.79 39.22 
(2.0539 94.71 39.18 
C.0536 95.37 39.0C 
C.0534 97.08 38.78 

0.0896 92.55 61.66 
C.0848 93.82 61.74 
0.0846 95.25 61.50 
C.0856 98 .03  62.05 

0.1764 9C.88 128.80 
0.1759 94.99 127.92 
0.1765 98.21 127.95 
0.1782 109.83 128.39 

C.0633 92.65 46.12 
0.0628 93.34 45.77 
C.0626 9 4 . 1 7  45.58 
0,0618 95.89 44.89 

0.0633 92.65 46.12 
C.0628 93.34 45-77  
0.0626 94.17 45.58 
0.0618 95.89 44.89 

0.0768 91.67 56.03 
C.0767 92.82 55.92 
0.0755 93.70 55.00 
C.0757 96.22 55.02 

0.1145 92.85 83.42 
0.1144 95.25 83.21 
0,1144 96.63 83.10 
c . 1 1 5 1  100.84 e3.26 

0.1583 92.24 115.03 
C.1591 9C.31 115.54 
0.1601 98.85 115.97 
P.1607 109.25 115.81 

0.0452 94.58 32.86 
C.0449 94.96 32.69 
C.0449 95.30 32.68 
0.0449 96.59 32.64 

22.5 18.1 
7.6 6 . 1  
5 . 2  4.2 
2.9 2.3 

22.5 18. 1 
7.6 6 . 1  
5.2 4 .2  
2 . 9  2.3 

22.2 1 7 . 9  
7.6 6 . 1  
5.2 4 . 2  
3.0 2.4 

22.5 18.1 
7 . 6  6 .1  
5.2 4.2 
3 .0  2.4 

22.5 18.1 
7 . 6  6 .1  
5.2 4 .2  
3.C 2.4 

22.5 18.1 
7 .6  6.1 
5.2 4 .2  
3 . 0  2.4 

22.5 18.1 
7 .6  6 . 1  
5 . 2  4 . 2  
2 .9  2 . 3  

22.4 18.1 
7.6 6. 1 
5.2 4 . 2  
3 . c  2.4 

22.5 18.1 
7 .6  6. 1 
5 . 2  4 .2  
3.0 2.4  

71116. 
24022. 
16476. 
9222. 

64969. 
22023. 
15132. 

8476. 

46534. 
16175. 
11183. 
6570. 

68816. 
23205. 
15914. 

920 8. 

68816. 
23205. 
15914. 

9208. 

6549C. 
22142. 
15188. 

8797. 

59966. 
20307. 
13942. 
7824. 

51477. 
17708. 
12199. 

714C. 

72973. 
24629. 
16874. 

5763. 

94. 27 
94.02 
94.06 
93.99 

e€. 35 
e6.25 
e6.34 
€6.03 

61.37 
61.62 
€1.79 
6 1.85 

91.34 
9C.92 
4C. 90 
40.74 

41.34 
90.92 
SC. 90 
90.74 

87. 04 

ee.75 
E6.78 

86.54 

79.55 
79.22 
7s.  12 
78.77 

€7.97 

68.24 
€8 .  24  

96.76 
96.48 
96.46 
96.4C 

68.25 

94.57 
9 4 . 8 2  
95.22 
95 .93  

86.80 
87.51 
88.13 
89.17 

62 .27  
64.14 
65 .45  
67.94 

91.69 
91 .83  
92.25 
92 .93  

91.69 
91 .83  
92.25 
92 .93  

87.46 
87.89 

89.22 

80.15 
80.89 
81.54 
82.91 

68.78 
70.53 
7 1.55 
73.70 

97 .01  
97. 14 
97.41 
97 * 98 

an. 35 

0.26 4 . 9 1  
0.79 6 .08  
1 .16  6.17 
1.94 8.32 

0 .41  9 . 1 2  
1 .27  11.41 
1.80 12.54 
3.12 15.46 

0.89 31.04 
2.52 34.73 
3 .66  37 .42  
6.09 43.14 

0.31 6.06 
0.90 7 . 3 5  

2.18 9.85 

0.31 6 . 0 6  
0.90 7 .35  
1.33 8.20 
2.18 9.85 

0.37 8 . 2 2  
1.12 9.66 
1.61 10.59 
2.66 12.87 

0 . 5 6  15.78 
1.66 18.25 
2.41 19.74 
4-13  2 3 . 1 0  

0.80  26.09 
2.27 29.59 
3.31 31.91 

1.33 8.20 

5.46 36.68 

0 .21  3.84 
0.66 4 .70  
0 .95  5.25 
1.58 6 .53  

2952. 
2945. 
2928. 
2905. 

4659. 
4653. 
4627. 
4649.  

9772. 
9649.  
9612.  
9560.  

3479. 
3 4 4 8 .  
3429. 
3369. 

3479. 
3448. 
3429. 
3369. 

4238. 
4222. 
4146. 
4135. 

h3C8. 
6271. 
6250. 
6227. 

8741. 
8701. 
8703. 
8628. 

2469. 
2454. 
2451. 
2444. 

2925. -C.9 
3009. 2 .2  
2997. 2 . 3 .  
2801. -3 .6  

4550. -2.3 
4HC7. 3 . 3  
4675. 1.0 
4508. -3.0 

S839. 0.7 
5554. - 1 . 0  
5507. - 1 . 1  
5133. -4 .5  

3429. -1.4 
3395. - 1 . 5  
3455. 0.R 
3253. - 3 . 5  

3429. -1 .4  
3395. - 1 . 5  
3455. 0 . R  
3253. -3.5 

4169. -1.6 
4243. 0 . 5  
4170. 0.6 
3972. -3.9 

63C8. c .0  
6282. 0 .2  
6244. -c. 1 
5982. -3.9 

P943. 1 . 3  
8635. -C.8 
8600. - 1 . 2  
8186. -5 .1  

2394 .  - 3 . c  
2509. 2.  3 
2451. 0 .0  
2356. - 3 . 6  

574. 
U h i .  
413. 
333. 

457. 
3e5.  
-I : c 2 .  

287. 

300. 
2 6 5 .  
245. 
i l l .  

sue. 
Q U E .  
?99. 
326. 

548. 
U 4 E .  
399. 
326. 

492. 
417. 
374. 
3c7. 

3 f l .  

302. 
251. 

2 i C .  
i 8 1 .  
i6C. 
224. 

Cl-:. 
49€. 
U4F.  
3 5 7 .  

- l i e .  

6-11-0'41J 95.16 2 1 . 2  21.5 0.0983 92.39 71.66 22 .5  18.1 62049. e2.36 8 2 . 8 8  0.49  12.54 5422. 5466. 0 . 8  4 1 2 .  

6-11-0435 98.56 22.7 22.9 C.0970 95.03 7C.56 5 . 2  4.2 14417. 82.04 84-07  2 .02  15.50 5317. 5243. - 1 . 4  327. 
6-11-0495 101.91 24 .2  24 .3  0.0975 97-59 7C.70 E1.69 3.0 2 .4  8355. 85.17 3.48 18.48 5305.  52C7. -1 .9  i7>, 

1-11-0425 97.25 22.2 22.3 c . o ~ e 3  93.61 71.58 7 . 6  6 . 1  21012. e i . 1 1  83.55 1.43 14.43 5402.  5410. 0 .2  357. 



Run No. 

E-21-001A 
8-2 1-0021 
8-2 1-0 03 A 
8- 2 1-0 0 4 1  

8-21-008A 
8-2 1-009 A 
8-2 1-0 10 A 
E-21-OllA 

E-2 1-0 12A 
8-2 1-0 13  A 
E-21-014A 
E-21-OlSA 

8-21-0 16A 
8-2 1-0 17 A 
8-21-0181 
E-21-0 19A 

8-21-02011 
B-21-O21A 
B - Z l - O Z Z A  
8 -2 1-023 A 

8-2 1-0241 
E-21-O25A 
E-21-026A 
6 -2 1-0 2 7  A 

8-2 1-028 A 
E-21-029A 
E-2 1-0301 
B-21-031A 

B-2 1-032A 
E-21-O33A 
8-21-03911 
8-21-035A 

R-21-0 36A 
R-2 1-0 37 A 
B-2 1-03 8 A 
R-21-039A 

R-2 1-0 40 A 
8-2 3-04 1 A 
8-2 1-04211 
E-2 1-043A 

E-21-044A 
8-2 1-045 A 
B-21-OU6A 
R-21-047A 

Table C-14. Experimental data f o r  R-21 condensing on tubeA 

- 
c '  Fw' "' Re Tw,in' Tw,out' ATw* AT s Qc* Qw* g ,oo ",. T" * Ps PSat*  F,, Tcs i 

O F  psia psia gpm O F  lb,,,/hr gpm f t /sec  OF O F  O F  O F  Btu/hr Btu/hr Q Btu 
, hr. f t2 .@F 

127.28 61.9 62 .3  C-1688 119.45 110.52 22 .5  18.1 57202. 75.67 76.58 0.90 51.16 10043. 10122. 0 .8  188. 
132.03 66 .0  67 .0  0.1686 123.74 109.84 7 . 5  6.0 19242. 75.51 78.16 2 .65  55.20 9898. 9907. 0.1 171. 
135.37 69.9 70 .4  C.1701 126.66 110.49 5 .2  4 .2  13436. 75.52 79 .27  3.75 57.97 9897. 9726. -1.7 163. 
141.77 76.7 77.4 C.1700 132.31 109.72 3 .0  2 .4  7947. 76.22 82 .52  6 .31  62.40 9714. 9442. -2.8 149. 

101.01 40.4 40.7 C.0871 93 .27  58.64 22 .5  18.1 55316. 73.28 73.79 0.51 27.47 5567. 5697. 2.4 194. 
103.35 41.9 42.4 0.0852 94.80 57.29 7 .5  6.0 18572. 73.38 74.80 1.43 29.26 5418. 5341. -1.4 177. 
105.94 43 .9  44.3 C.0863 97.80 57.85 5 .0  4 .0  12508. 73.84 75.90 2.07 31.07 5449. 5159. -5 .3  167. 
109.18 46 .2  46.7 C.0857 99 .94  57.30 3.0 2 .4  7556. 73.68 77.10 3 .42  33.79 5369. 5116. -4 .7  152. 

109.18 45.9 46.7 0.1128 101.10 75 .35  22.5 18. 1 55246. 73.12 73.76 0.64 35.74 7059. 7132. 1.0 189. 
112.89 48.9 49.6 C.1120 103.92 74.61 7 . 5  6.0 18631. 73.41 75.26 1.85 38.56 6948. 6937. -0.2 192. 
114.61 50.4 51.0 0.1125 105.78 74.79 5 . 2  U.2 12868. 72.76 75 .32  2.57 40.57 6944. 6654. -4 .2  163. 
118.79 54.0 5 4 . 6  C.1118 109.19 74 .03  3.0 2 .4 .  7529. 72.97 77.26 4.29 43.67 6826. 6419. -6 .0  149. 

119.34 54.2 55.1 0.1472 111.57 97.21 22.5 18.1 55515. 93.41 74.21 0.80 45.53 8955. 8950. -0.0 188. 
124.32 58.7 59.5 0.1482 115.71 97.46 7 .0  5 .6  17371. 73.0U 75.47 2.43 50.07 8902, 8498. -4.5 170. 
126.68 60.9 61.7 C.1489 118.07 97.62 5 . 2  4 .2  12927. 72.68 76 .10  3.42 52.29 8880. 8876. - 0 . 0  162. 
132.63 66.7 67.6 0.1484 122.97 96.79 3.0 2.4 7621. 73.25 78.91 5 .66  56.55 8712. 8472. -2.8 147. 

112.59 
116.51 
119.69 
124.45 

114.87 
118.44 
121.45 
126.85 

48.5 49.4 C.1299 104.65 
51 .7  52.6 0.1298 108.07 
54.5 55.4 0.1313 111.74 
58.7 59.7 0.1310 115.53 

50.4 51 .3  0.1371 106.82 
53.0 54.3 0.1372 109.93 
56 .0  56.9 C.1376 112.65 
61 .0  61.9 0.1371 117.30 

86 .41  
B6.0U 
86.72 
86-12 

91.04 
90.78 
90.75 
9C.01 

22 .5  18. 1 54000. 71.22 71.96 
7 .5  6.0 18089. 71.01 73.17 
5 . 2  4 .2  12616. 70.99 74.07 
3.0 2.4 7358. 70.81 75.90 

22 .5  18.1 54015. 71.23 72.00 
7 .5  6 .0  17962. 70.33 72 .54  
5 .2  4. 2 12627. 71.05 74.14 
3 .0  2 .4  7424. 71.44 76 .65  

0 .74  41 .00  
2.16 44.42 
3.08 47.16 
5.08 51-10  

0 .76  43.26 
2.21 47.01 
3.09 48.85 
5.21 52.81 

8051. 
7963. 
7984. 
7864. 

8449. 
8375. 
8 330. 
8185. 

8317. 
8082. 
7980. 
76 07. 

8560. 
8277, 
8017. 
7799. 

3.3 188. 
1.5 171. 

-0. 1 162. 
-3.3 147. 

1.3 187. 
-1 .2  17C. 
-3.8 163. 
-4.7 148. 

103.48 42.0 42.5 C.1027 97.58 68.84 22.5 18.1 53293. 70.30 70.91 0 .61  32.87 6510. 6880. 5 .7  189. 
106.24 44 .0  44.5 C.1015 98.89 67.97 7 .5  6.0 17877. 70.21 71.95 1.75 35.16 6399. 6543. 2 .3  174. 
108.66 45.7 46.3 C.1016 100.84 67.90 5 . 2  4. 2 12533. 70.72 73 .11  2.38 36.75 6367. 6197. -2.7 165. 
114.48 50 .2  50.9 0.1031 105.56 68.55 3 . 0  2.U 7432. 72.07 76.17 4 .09  40.36 6367. 6126. -3.8 151. 

97.88 38.5 
99.23 39.4 

100.31 40.0 
102.74 41.5 

93.27 35.4 
92.96 34.9 
93 .44  35.2 
95 .23  36.5 

38.6 0.0613 
39.5 C.0605 
40.2 C.0602 
41.9 c.0589 

35.6 C.0478 
35.4 C.0475 
35.7 0.0463 
36.9 0.0458 

89.91 
90.56 
91.35 
92.70 

85 .05  
R4.74 
84.74 
85 .53  

41.41 
40.83 
40.65 
39.68 

32.49 
32.25 
31.47 
3 1 . 1 1  

22.5 18.1 
7 . 5  6 .0  
5 . 2  4 .2  
3.0 2 .4  

22.5 18.1 
7 . 5  6.0 
5 . 2  4 .2  
3.0 2.U 

58984. 
19659. 
13660. 
7999. 

58936. 
192U5. 
13362. 
7770. 

78.35 
78.01 
77.99 
78.72 

78.33 
76.45 
76.40 
76.65 

78 .72  0.37 19.34 
79.05 1.04 20.70 
79.41 1.42 21.61 
81.06 2.34 22.85 

78.61 0.29 14.80 
77.25 0.80 16.11 
77.52 1.13 16.48 
78.50 1.85 17.65 

3951. 
3887. 
3 863. 
3756. 

3 122. 
3100. 
3023. 
2980. 

4162. 5 .3  
3879. -0 .2  
3684. -4.6 
3499. -6.8 

3212. 2 .9  
3004. -3.1 
2918. -3 .5  
2772. -7.0 

195. 
179. 
17 1. 
157. 

1Ci. 
184. 
175. 
16 1 .  

90.08 33.2 33.7 C.0394 82.24 26.86 22 .5  18.1 58757. 78.11 78.35 0.24 11.85 2594. 2687. 3.6 1 0 9 .  
91-00  33.7 34.2 0.0390 82.41 26.55 7 . 5  6.0 19561. 77.81 78 .4s  0.65 12.87 2560. 2424. -5.3 190. 
92.00 34.4 34.8 0.0382 82 .85  25.97 5 . 2  4 .2  13729. 78.65 79.56 0 .91  12.90 2500. 2372. -5 .1  lB5. 
93.31 35.2 35.6 C.0387 83 .82  26.32 3.0 2.U 7862. 77.71 79 .31  1.60 14.80 2529. 2395. -5 .3  163. 

100.96 39.7 40.7 C.0676 92.49 45.54 22 .5  18.1 60012. 79.72 80.11 0.39 21.05 4324. 4404. 1.9 196. 
102.61 40.7 41.9 C.0674 93.58 45.40 7 . 5  6.0 19962. 79.19 80.30 1 . 1 1  22.86 4299. 4135. - 3 . R  180. 
103.78 42 .2  42.7 0.0674 94 .62  45.31 5 .2  4 .2  13834. 78.91 80.51 1.60 2U.07 4283. 4156. - 3 . 0  17C. 
106.29 44.2 44.5 0.0664 96.45 44.58 3.0 2.4 8046. 79.02 81 .70  2.68 25.93 4196. 4008. -4 .5  155. 



m 
s 

'GSl 
'ELL 
'281 
'661 

'hS1 
'891 
'LLL 
'hbl 

'3Ll 
'Ob1 
'LbL 
'812 

1's- 'GEE 
6 '2- '9LEE 
Z'h- 'LZtE 
b 'E '81 LE 

S'9- 'ZLEh 
h '2- LZ9C 
9-2- 'L99t 
9'0 '160s 

5'6- 'US61 
Z '8- '0861 
1'9- 'CLOZ 
1'8 'ZStL 

'9LSF 
'SLIC 
'OLSE 
'LLSE 

'hE9t 
'EtLh 
'E6Lt 
'898t 

'191 z 
'8SL 2 
'8OZZ 
'8922 

89 '12 
ZZ '61 
SL'BL 
61 'Ll 

E8'8Z 
06'92 
26.52 
EO'hL 

91 '21 
58'01 
2 L '01 
Zb'6 

€2'2 
OE'l 
16'0 
EE'O 

b8.2 
8L'l 
SZ'L 
bf'O 

LE '1 
9L'O 
SS'O 
ZZ'O 

LO'LL 
LZ'8L 
5s 'iL 
98'LL 

8t'8L 
B9'9L 
b61'SL 
SE'SL 

hh'LL 
8O'LL 
tlZ'9L 
91'9L 

BL'CL 
L6'9L 
E3'3L 
ES'LL 

BS'SL 
06'RL 
hJ'hL 
06'hL 

El '9L 
zt 'YL 
ZL'SL 
06'SL 

'S09L 
'tLhE1 
'SUE61 
'09EBb 

'9lLL 
't9ltl 
'LS881 
'b9hYS 

'Z69L 
'BLEFl 
'LEO61 
'L8E9S 

h'Z O'E 
Z'h Z'S 
0'9 S'L 
1.81 5'ZZ 

II*Z n-c 2.i i.s 
0'9 S'L 
1'81 S'ZZ 

h'E O'E 
Z't Z'S 
0'9 S'L 
6'Ll Z'ZZ 

t8 '9C 
LE'9E 
OE'LE 
LE'LE 

61 '6b 
60'05 
os 'OS 
Zl'lS 

LE'ZZ 
9Z'ZL 
SL'ZZ 
SE'EZ 

06'88 
LOO88 
89'18 
86'98 

9L-96 
EZ 'hb 
tl 'E6 
tL'1 6 

fL'6L 
9LVL 
9L'OL 
58 'EL 

5150'3 h'8E 
LES0'3 6'Lt 
LSSO'D ['LE 
3550.3 9'9E 

CCL0.3 Z'th 
SCLO'D 6'1h 
OSLO'D @'Oh 
aSL0.3 t'6F 

a2ro.o O-EE 
9ZEO'D Z'ZE 
EEEO'3 L'LE 
EhEO'O E'LE 

L'LE 
O'LC 
L'9E 
Z'9t 

L'Eh 
D'lf 
h'Oh 
0'6E 

S'ZE 
L-LE 
Z'LE 
O'lE 

85'L6 
b8'96 
WE'S6 
88't6 

98'531 
OL'ZOL 
81 - 101 
b1'66 

SC'B8 
SS'LB 

Lti'S8 
cL*ga 

- .- 
YBSO-12-I 
P 8s 0- 12 -I 
r LSO-1 2- 3 
Y9 S 0-1 2-I 

Yss0-12-I 
PQSO-12-3 
PESO-LZ-8 
Y zs 0-1 2- I 

YLSO-12-8 
II oso- 12-9 

Y8C 0-1 24 
~6to-12-8 

t 



Table  C-15. Experimental data  f o r  R-22 condensing on tube A 

- 
TC * c '  F,v* Re Tw,in' Tw,gutp ATws AT*  Qc9 Qw* "0, 

i Run No. TV * P s  PSats Fcs 

OF Btu/hr Btu/hr Q B t u  O F  p s i a  p s i a  gpm OF lb,/hr gpm f t / s e c  O F  F OF 
h r . f t 2 - o F  

R-22-0 0 1 A 

R-22-0 03A 
R-22-0 04 A 

R-2 2-0 0 5  A 
R-22-0 0 6 A 
R-22-007A 
R-22-0 08 A 

R-22-0 09A 
R-22-0 1OA 
8-22-0 11A 

R-22-00211 
85.63 
87.50 
89.49 
86 -45  

83.83 
85.77 
84.16 
84.98 

89.65 

90.20 
93.44 

173.2 
177.2 
183.2 
175.7 

168.2 
172.7 
168.9 
171.2 

182.5 
192.2 
184.2 

171.9 
176.7 
181.8 
174.0 

167.5 
172.3 
168.3 
170.3 

182.2 
192.2 
183.6 

0.0505 
0.0523 
0.0515 
0.0537 

0.0291 
0.0291 
0.0306 
0.0310 

0.0786 
0.0790 
0.0802 

7 6 . 7 1  30.21 
8 2 7 7  30.96 
81.87 30.53 
81.07 31.89 

77.18 17.42 
76.52 17.44 
77.91 18.27 
78.67 18-50 

84.78 46.34 
87.81 46.30 
86.75 47.09 

22.5 
5 . 2  
3.0 
7 .6  

7 .6  
3 .0  

22 .5  
5.2 

7 .6  
3 .0  

22 .5  

18.1 
4 .2  
2. 4 
6. 1 

6.1 
2.4 

18.1 
4 . 2  

6.1 
2 .4  

18.1 

56477. 
13054. 
7598. 

18888. 

19632. 
7824. 

58663. 
1350 2. 

18236. 
7292. 

55391. 

75.00 75.27 
74.67 75.61 
75.04 76 .61  
74.03 74.71 

77.18 77.57 
77.67 78.57 
78.01 78.20 
77.48 78.07 

71.09 72.07 
71.56 73.79 
73.45 73 .83  

0.20 
0.89 
1.53 
0.64 

0.36 
0.87 
0.12 
0 .54  

0.92 
2.19 
0 .32  

10.49 
12.36 
13.66 
12.08 

6.45 
7 .65  
6.05 
7.20 

18.07 
20.77 
16.56 

2312. 
2355. 
2307. 
2434. 

1341. 
1334. 
1405. 
1419. 

3500. 
3452. 
3550. 

2301. -0.5 
2317. -1.6 
2287. -0 .9  
2426. -0.3 

1372. 2.4 
1308. -2.0 
1381. -1.7 
1409. -0.7 

3494. -0.2 
3279. -5 .0  
3547. -0.1 

211. 
182. 
161. 
192. 

198. 
167. 
2 22. 
1R8. 

185, 
159. 
20 5. 

8-22-012A 89-40  181.9 181.5 0.0692 85.17 40.78 22 .5  18.1 56494. 74.99 75.33 0.27 14-25  3082. 3042. -1.3 207. 
R-22-013A 90.32 184.5 183.9 0.0702 87.08 41.21 7 .6  6.1 18888. 73.93 74.81 0.83 15.95 3105. 3158. 1.7 186. 
R-22-014A 90.99 185.7 185.7 0.0702 87.58 41.17 5 .2  4 .2  12895. 73.59 74.81 1.17 16 .79  3095. 3048. -1 .5  176. 
R-22-015A 93.19 191.7 191.6 0 .0694 87.97 40.66 3.0 2 .4  7495. 73.74 75.80 2.02 18.42 3034. 3029. -0.2 157. 

R-22-016A 89-13  181.0 180.8 0 .0912 87.38 53-50 22.5 18.1 52973- 69-95 70.37 0 .35  18-97 4048. 3957. -2.2 2040 
R-22-017A 90.66 185.2 184.8 0.0908 88.80 53.11 7.6 6.1 17834. 69.37 70.46 1.07 20.74 3997. 4063. 1.6 184. 
R-22-O18A 91.85 188.2 188.0 0.0904 89.73 52.77 5 . 2  4 .2  12226. 69.26 70 .86  1.51 21 .79  3955. 3921. -0.9 173. 
R-22-0191 94.84 196.2 196.1 0.0906 9 2 1 8  52.63 3 .0  2.4 7153. 69.84 72.36 2.52 23.74 3904. 3776. -3.3 157. 

8-22-020A 89.53 182.2 181.9 0.1074 86 .64  63.08 22 .5  18.1 50779. 66.82 67.30 0.42 22.47 4766. 4756. -0.2 203. 
R-22-021A 92.00 188.7 188.4 0.1074 87.25 63.01 7 . 6  6 .1  17236. 66.76 68.06 1.27 24.59 4721. 4815. 2.0 183. 
R-22-022A 93.72 193.2 193.0 0.1072 90.02 62.54 5 .2  4.2 11877. 67.02 68.83 1.79 25.79 4658. 4651. -0.1 172. 
8-22-023A 98.17 205.2 205.3 0.1091 95 .29  62.98 3.0 2 .4  7010. 68.04 71.17 3.09 28.56 4617. 4638. 0 .5  154. 

8-22-0281 87.78 175.5 177.4 0 .1263 85 .41  74.36 22.5 18.1 45939. 59.73 60.30 0.50 27.77 5651. 5644. -0.1 194. 
R-22-025A 90.48 184.7 184.3 0.1251 88 .26  73.23 7 . 6  6 . 1  15872. 60.82 62.31 1.44 28.91 5515. 5468. -0.8 182. 
R-22-026A 97.43 202.2 203.3 0.1249 92.41 72.51 3.0 2 .4  6537. 62-61 66.28 3.47 32.88 5329. 5206. -2-3  155- 

R-22-027A 91.26 186.2 186.4 0.1446 88.11 84.68 22.5 18.1 46463. 60.48 61.10 0 .56  30.47 6360. 6341. -0.3 199. 
R-22-O28A 98.11 205.7 205.2 0.1469 9 6 . 0 2  85.80 5 . 2  4 .2  11128. 62.05 64.48 2.37 34.85 6291. 6153. -2 .2  172. 
8-22-029A 101.97 216.2 216.4 0.1099 99.31 85.79 3.0 2.4 6421. 61.20 65 .35  4-08 38.69 6201. 6117. -1.3 153. 
R-22-03011 95.45 196.7 197.7 0.1459 92.55 84.70 7 .6  6.1 15922. 60.93 62 .65  1.66 33.66 6270. 6304. 0 . S  178. 

8- 22-0 3 1 A 
R-22-0 32A 
R-22-033A 

R-22-0341 
R-22-0 35A 
E-22-036A 

R-22-037A 
R-22-038A 
8-22-0391 
E-22-0 40A 

93.25 
98.23 

101.17 

98.18 
102.33 
104.97 

84.23 
84.74 
84.86 
85.87 

191.2 
205.7 
214.7 

205.2 
217.2 
225.7 

168.7 
170.4 
170.7 
173.0 

191.7 
205.5 
214.0 

205.4 
217.4 
225.3 

168.5 
169.7 
170.0 
172.5 

0.1578 90.57 
0.1603 95 .22  
0.1641 98.30 

0.1784 95.86 
0.1821 100.21 
0.1842 101.84 

0.0422 82.41 
0.0422 82.69 
0.0422 83.00 
0.0415 83.80 

91.93 22.5 
92 .56  7 . 6  
94.11 5 .2  

102.86 22.5 
104.01 7 . 6  
104.87 5 .2  

24.97 22.5 
24.96 7 .6  
24.94 5 .2  
24.53 3.0 

18 .1  
6. 1 
4 .2  

18.1 
6 .1  
4. 2 

18 .1  
6 .1  
4.2 
2. 4 

46159. 
16053. 
11095. 

47160. 
16168. 
11151. 

57132. 
19199. 
13064. 
7537. 

60.00 
61.41 
61.71 

61.45 
61.85 
61.97 

75.92 
75.3 6 
74.8 1 
74.59 

60.68 0.60 
63 .30  1.82 
64.41 2.61 

62 .19  0.67 
63.86 1.99 
64.86 2.85 

76.14 0.16 
75 .90  0.50 
75.60 0.73 
75 .82  1.19 

32.9 1 
35.87 
38.11 

36.36 
39.47 
41.55 

8.20 
9 .12  
9.66 

10.67 

6858. 
6783. 
6 822. 

7539. 
7 507. 
7493. 

1920. 
1916. 
19 14. 
1876. 

6734. -1.8 
6919. 2 .0  
6781. -0.6 

7487. -0.7 
7519. 0 .2  
7402. -1.2 

1830. -4.7 
1896. -1.0 
1886. -1 .5  
1779. -5.1 

199. 
18 1. 
17 1. 

198. 
182. 
172. 

224. 
20 1. 
189. 
168. 

R-22-041A 89.61 180.7 182-1 0.1211 87.22 71.03 22.5 18.1 48545. 63-58 64-11  0.47 25 -77  5365. 5284- -1 .5  199. 
R-22-042A 91-90  188.2 188.1 0.1193 90 .16  69.58 7 .6  6.1 16635. 64.16 65.57 1.37 27.03 5215. 5191. -0.4 184. 
k-22-043A 93.96 193.7 193.7 0.1193 90.65 69.51 5 . 2  4.2 11516. 64.72 66.68 1.93 28.27 5172. 5009. -3.1 175. 
R-22-044A 98.41 205.7 206.0 0.1215 95.97 70.01 3.0 2 .4  6780. 65.50 68.81 3.28 31.26 5127. 4917. -4-1 157. 
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Table C-16. Experimental data f o r  R-22 condensing on tubeD 

- 
Run No. T" * P, Psa+,* F,. T,, ic, Fw, " *  Re Tw.ins Tw,out* ATw* Qc* Q W S  24 x 100 " 0 .  

OF psia psia gpm OF lb,,,/hr gpm f t /sec O F  OF O F  O F  Btu/hr Btu/hr Q Btu 
hr . f t2 - °F  

8-22-0 0 1D 
8-22-002D 
R-22-0 03D 
8-22-0 04D 

8-22-005D 
8-22-006D 
8-22-0070 
8-22-0081) 

8-22-0 09D 
R-22-0 1OD 
8-22-0 11D 
8-22-012D 

8-22-0 13D 
E-22-0 14D 
R-22-0 1 SD 
8-22-016D 

R-22-0 17D 
8-22-0 18D 
R-22-019D 
R-22-020D 

8-22-0218 
8-22-0 22D 
8-22-023D 
8-22-6 2 4D 

R-22-0 2 SD 
8-22-O26D 
8-22-027D 
8-22-028D 

8-22-0 33D 
8-22-038D 
it-22-0 35D 
8-22-0 36D 

8-22-0 37D 
R-22-038D 
8-22-0 39D 
8-22-040D 

R-22-0412) 
8-2 2-0 42D 
8-22-0 43D 
8-22-0 4 4D 

8-22-0 4 5D 
R-22-046D 
8-22-0 47D 
~ - 3 h n . n n  

83.12 
84 -08 
84.90 
86 . $7 

83.20 
83-92 
84.82 
86.61 

82 -56 
83.55 
84 -25 
86 -58 

82.32 
82.57 
82.99 
84.34 

81 -31 
83.96 
82.94 
86 -68 

82.40 
83.09 
83.40 
84.53 

83.21 
84 -22 
84-80 
86.48 

84.61 
86 -65 
81-70 
90.90 

85.30 
87.80 
88.88 
91.97 

81 -03 
82 -99 
84.88 
88 -97 

83.55 
85 . 84 
87.78 
91 -92 

165.7 165.8 
168.5 168.1 

175.7 175.3 

166.2 166.0 
167.9 167.7 

174.7 174.4 

164.7 164.9 

169.0 168.5 
174.7 174.3 

164.2 163.8 
164.9 164.4 
165.7 165.5 
169.2 168.8 

161.7 161.5 
168.2 167.8 
165.7 165.3 

170.2 170.1 

170.2 169.9 

167.2 166.8 

175.0 174.6 

164.5 164.0 
166.2 165.7 
166.7 166.5 
169.7 169.2 

166.0 166.0 
168.9 168.5 
170.t 169.9 
174.5 174.1 

169.7 169.4 
175.0 174.5 
177.9 177.2 
186.2 185.5 

170.9 171.1 
178.2 177.4 
181.0 180.2 
188.9 188.3 

160.7 160.8 
165.9 165.5 
170.5 170.1 
181.2 180.4 

166.9 166.8 
173.2 172.5 
177.9 177.4 
188.5 188.2 

0.0697 81.61 
0.0702 82.05 
0.0698 83.03 
0.0682 83.59 

0.0525 78.95 
0.0521 79.03 
0.0521 78.94 
0.0521 80.99 

0.0799 79.71 
0.0799 81.45 
0.0789 81.33 
0.0781 8 2 6 4  

0.0392 77.90 
0.0403 77.41 
0.0403 78.55 
0.0402 78.21 

0.0886 80.16 
0.0878 82.34 
0.0886 81.75 
0.0876 84.69 

0.0485 77.74 
0.0485 77.84 
0.0485 78.90 
0.0477 78.98 

0.0630 79.47 
0.0636 79.85 

0.0630 81.34 

0.1040 82.48 
0.1036 83.66 
0.1054 84.76 

0.0634 80.60 

0.1042 86.54 

0.1442 83.92 
0.1450 85.54  
0.1468 87.08 
0,1450 88.45 

0.1191 79.93 
0.1187 81.22 
0.1193 83.49 
0.1177 85.27 

0.1325 8 2 1 0  
0.1311 83.57 
0.1321 8 6 3 6  
0.1319 89.80 

41.30 
41. 61 
41.30 
40.31 

31.30 
31.06 
31.07 
30.98 

47.5 1 
47.36 
46.79 
46.20 

23.45 
24.07 
24.02 
24.01 

52.68 
52.01 
52.52 
51.65 

28.95 
28.95 
28.89 
28.39 

37.52 
37.85 
37.66 
37.39 

61.58 
61.20 
62.14 
61.20 

85.13 
85.34 
86.10 
84.86 

70.86 
70.44 
70.45 
69.30 

78.50 
77.45 
77.63 
76.99 

22.5 
7.6 
5 .2  
3.0 

22.7 
7.6 
5.2 
3.0 

22.7 
7.6 
5.2 
3.0 

22.7 
7. 4 
5.2 
3.0 

22.7 
5.4 
7.6 
3.0 

22.7 
7.6 
5.2 
3.0 

22.7 
7.6 
5.2 
3.0 

22.7 
7.6 
5.2 
3.0 

22.7 
7.6 
5.2 
3.0 

22. f 
7.6 
5.2 
3.0 

22.7 

5.2 
7.6 

3.0 

14. f 
4- 8 
3.3 
1.0 

14.3 
4. 8 
3.3 
1.9 

14.2 
4.8 
3.3 
1.9 

14.2 
1- 8 
3.3 
1.9 

14.2 
3.4 
4.8 
1.9 

11.2 
4.8 
3.3 
1-9 

14.2 
4.8 
3.3 
1.9 

14. 2 
4.8 
3.3 
1.9 

14. 2 
4.8 
3.3 
1.9 

14. 2 
4.8 
3. 3 
1.9 

14.2 
4.8 
3.3 
1.9 

55540. 78.09 
18694. 77.54 
12813. 77.50 
7454. 77.78 

57344. 79.96 
19156. 79.58 
13162. 79.77 
7653. 80.12 

54830. 76.35 
18255. 75.61 
12484. 75.36 
7255. 75.47 

57485. 80.18 
19108. 79.45 
13084. 79.41 
7592. 79.64 

53269. 74.10 
12735. 73.94 
17841. 73.78 
7132. 74.04 

57035. 79.54 
19056. 79.18 
13004. 78.83 
7510. 78.64 

56585. 78.87 
18910. 78.48 
12921. 78.21 
7483. 78.16 

54320. 75.59 
18228. 75.36 
12450. 74.95 
7276. 75.34 

51234. 70.92 
17211. 70.61 
11697. 69.75 
6754. 69.01 

50418. 69.76 
16919. 69.47 
11677. 69-81 
6872. 70.76 

51096. 70.74 
17208. 70.67 
11855. 70.97 
6969. 71.69 

78.41 
78.39 
78.71 
79.77 

80.22 
80.25 
80.73 
81.64 

76.73 
76.60 
76.77 
77.80 

80.40 
79.98 
80.14 
80.83 

74.51 
75.43 
74.88 
76.57 

79.78 
79.80 
79.73 
80.09 

79.18 
79.28 
79.33 
79.99 

76.04 
76.62 
76.76 
78.38 

71.53 
72.34 
72.21 
73.08 

70.30 
70.93 
71.88 
74.16 

71.31 
72.27 
73.24 
75.36 

0.27 
0.84 
1.21 
1.96 

0.20 
0.63 
P.92 
1.51 

0.31 
0.95 
1.37 
2.29 

0.15 
0.49 
0.70 
1.18 

0.35 
1.45 
1.06 
2.51 

0.19 
0.60 
0.89 
1.47 

0.25 
0.77 
1.11 
1.85 

0.39 
1.23 
1.78 
2.9.7 

0.56 
1.70 
2.43 
4.01 

0.47 
1.41 
2.04 
3.40 

4.87 
6.11 
6.80 
8.20 

3.10 
4.01 
4.57 
5.73 

6.02 
7.45 
8.19 
9.95 

2.03 
2.85 
3.21 
4.11 

7.04 
9.27 
8.61 

11.38 

2.74 
3.60 
4.12 
5.17 

4.18 
5.34 
6.03 
7.41 

8.80 
10.66 
11.85 
14.04 

14.07 
16.32 
17.90 
20.93 

11-00 
12.79 
14.04 
16.50 

0.52 
1.54 
2.21 

12.53 
14.37 

3.66 18.39 15.67 

3187. 
3201 . 
3169. 
3072. 

2415. 
2391. 
2384. 
2363. 

3673. 
3649. 
3 597. 
3525. 

1814. 
1861. 
1854. 
1846. 

4087. 
4 002. 
4055. 
3940. 

2239. 
2234. 
2227. 
2 181. 

2894. 
2910. 
2 890. 
2854. 

4729. 
4669. 
4724. 
4603. 

6523. 
6485. 
6520. 
6358. 

5 503. 
5437. 
5405. 
5246. 

6049. 
5924. 
5900. 
5770. 

3019. -5.3 
3185. -0.5 
3139. -0.9 
2938. -4.4 

2287. -5.3 
2381. -0.4 
2387. 0. 1 
2263. -4.2 

3533. -3.8 
3587. -1.7 
3549. -1.3 
3423. -2.9 

1721. -5.1 
1854. -0.4 
1813. -2.2 
1764. -4.4 

3918. -4.1 
3906. -2.4 
4015, -1.0 
3762. -4.5 

2140. -4.4 
2271. 1.7 
2319. 4.1 
2198. 0.8 

2808. -3.0 
2923. 0.4 
2877. -0.5 
2766. -3. 1 

4371. -7.6 
4667. -0.0 
4628. -2.0 
4440. -3.5 

6352. -2.6 
6456. -0.5 
6309. -3.2 
6015. -5.4 

5342. -2.9 
5339. -1.8 
5303. -1.9 
5091. -2.9 

5898. -2.5 
5833. -1.5 
5741. -2.7 
5483. -5- n 

585. 
468. 
417. 
335. 

696. 
533. 
466. 
369. 

546. 
438. 
393. 
317. 

799. 
584. 
516. 
402. 

520. 
386. 
421. 
310. 

731. 
555. 
484. 
378. 

619. . 
488. 
429. 
345. 

08 1. 
392. 
357. 
293. 

415. 
355. 
326. 
272. 

447. 
380. 
344. 
28 4. 

432. 
369. 
337. 
311 * 



Table C-16 (continued) 

Run No. T" * P s  PS,t* Fcs TC * ic. Fw. " *  Re Tw,in* Tw,outs  AT^* s* Qc9 Qw* ACJx "0,  * OF ps ia  ps ia  gpm OF lb,,,/hr gpm ft /sec OF OF OF O F  Btu/hr Btu/hr Q 

R-22-0 49D 
R-22-OSOD 
R-22-0 51 D 
R-22-0 52D 

E-22-053D 
E-22-054D 
R-22-0 550 
R-22-056D 

R-22-057D 
R-22-0 58D 
R-22-059D 
R-22-060D 

E-22-061D 
E-22-0 62D 
E-22-0 63D 
R-22-064D 

E-22-0 6 5 D 
E-22-O66D 
R-22 067D 
8-22-06 8D 

E-22-0 6 9D 
R-22-07OD 
8-22-0110 
8-22-0 72D 

86.49 
90.15 
93-11 
99 -72 

83 -96 
85.41 
86.44 
88-50 

81 -83 
85.22 
87.22 
92 -36 

85.27 
88.38 
91 -07 
96.24 

87.59 
92.15 
95.36 

102.42 

88 . 87 
92.49 
94.53 

100.13 

174.2 
185.2 
191.7 
210.5 

168.5 
172.2 
174.7 
179.7 

162.5 
171 .5 
176.7 
189.7 

170.9 
179.5 
186.5 
200.5 

177.7 
189.5 
198.0 
218.2 

180.7 
190.5 
195.9 
211.5 

174.1 
183.5 
191.5 
2 09.8 

167.8 
171. 4 
174.0 
179.2 

162.7 
170.9 
176.0 
189.3 

17 1.0 
178.9 
185.9 
199.9 

176.9 
188.8 
197.5 
217.7 

180.2 
189.7 
195.2 
211.0 

0.1967 
0.1971 
0.1995 
0.2035 

0.0586 
0,058 1 
0.0586 
0.0584 

0.1618 
0.16 17 
0.1627 
0.1631 

0.1839 
0.1837 
0.1856 
0.1868 

0.2173 
0.2205 
0.2229 
0.2300 

0.1764 
0.1781 
0.178 1 
0.1008 

85.21 115.84 
88.13 115.42 
92.02 115.89 
97.31 116.98 

82.04 34.70 
82.98 34.39 
83.82 34.58 
8 5 4 3  34.35 

80.69 96.07 
83.34 95.56 
84.88 95.87 
90.51 95.03 

83.94 108.53 
86.68 107.84 
88.99 108.49 
93.73 108.16 

86.86 127.57 
91.07 128.33 
94.07 128.94 

100.71 131.26 

87.51 103.40 
90.89 103.74 
23.06 115.71 
97.67 103.86 

22.7 
7.6 
5.2 
3.0 

22.7 
7.6 
5 .2  
3.0 

22.7 
7.6 
5.2 
3.0 

22.7 
7.6 
5.2 
3.0 

22.7 
7.6 
5.2 
3.0 

22.7 
7.6 
5.2 
3.0 

14.2 
4.8 
3.3 
1. 9 

14.2 
4.8 
3.3 
1. 9 

14.2 
4.8 
3. 3 
1.9 

14.2 
4.8 
3.3 
1.9 

14.2 
4.8 
3. 3 
1.9 

14.2 
4.8 
3.3 
1.9 

47192. 
15917. 
11030. 
6537. 

5748 1. 
19368. 
13323. 
7761. 

47144. 
16038. 
10999. 
6479. 

47511. 
16016. 
1 107 3. 
6379. 

46301. 
15624. 
10840, 
644 1.  

50996. 
17219. 
11848. 
6965. 

64.80 
64.57 
64.99 
65.8 1 

80.15 
80.44 
80.72 
81.17 

64.79 
65.33 
65.08 
65.69 

65.30 
65.11 
65.36 
65.41 

63.41 
63.13 
63.57 
64.51 

70.51 
70.47 
70.59 
70.95 

65.64 
66.93 
68.33 
71.42 

80.42 
81.17 
81.75 
82.86 

65.50 
67.25 
67.84 
70.24 

66.10 
67.27 
68.53 
70.52 

64.33 
65.72 
67.27 
70.57 

71.24 
72.56 
73.53 
76.03 

0.77 21.27 
2.32 24.40 
3.30 26.50 
5.63 31.10 

0.22 3.67 
0.68 4.61 
0.99 5.21 
1.68 6.49 

0.64 16.68 
1.88 18.93 
2.73 20.76 
4.49 24.39 

0.72 19.56 
2.13 22.18 
3.08 24.13 
5.10 28.27 

0.84 23.72 
2.57 27.73 
3.66 29.94 
6.05 34.88 

0.67 17.99 
2.03 20.97 
2.88 22.48 
4.93 26.68 

8841. 
8702. 
8647. 
8 526. 

2670. 
2634. 
2640. 
2604. 

7443. 
7323. 
7300. 
7111. 

8316. 
8179. 
8154. 
7984. 

9701. 
9610. 
9547. 
9471. 

7830. 
7759. 
8593. 
7558. 

8756. -1.0 
8810. 1.2 
8585. -0.7 
8439. -1.0 

2548. -4.6 
2582. -2.0 
2563. -2.9 
2522. -3.2 

7259. -2.5 
7132. -2.6 
7091. -2.9 
6736. -5.3 

8121. -2.3 
8070. - 1 . 3  
7995. -2.0 
7642. -4.3 

9516. -1.9 
9759. 1.6 
9517. -0.3 
9063. -4.3 

7656. -2 .2  
7713. -0.6 
7481. - 12.9 
7372. -2.5 

372. 
319. 
292. 
245. 

650. 
511. 
453. 
359. 

399. 
346. 
314. 
26 1. 

380. 
330.  
302. 
253. 

366. 

285. 0. 
243. 

310. I: 

389. 
331. 
342. 
254. 

6- " Y 
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Table C-17. Experimental data for R-22 condensing on tube E 

- 
Qc * a x 100 "0 .  

Run No. T" * P, Ps,t* Fc, Tcs iCs F,*. Re Tw,in' T w , p '  ATws AT s 
Btu 

h r - f t 2 . 0 f  
O F  psia psia gpm O F  l b d h r  gprn f t /sec O F  F O F  O F  Btu/hr Btu/hr Q 

8-22-009E 
8-22-0 10E 
8-22-0 1 1 E 
8-22-0 121 

8-22-0213 
8-22-0221 
8-22-0232 
8-22-0 24E 

8-22-02 5E 
8-22-0268 
8-22-0278 
8-22-0 2 8E 

8-22-0291 
8-22-03OE 
8-22-0 3 1 E 
8-22-0 32 E 

E-22-0 33 E 
R-22-0 341 
8-22-0 35E 
R22-0 3611: 

8-22-0373 
8-22-0368 
8-22-0 391 
8-22-0 4OE 

8-22-042 E 
8-22-043E 
8-22-04QE 

8-22-0453 
8-22-0 461: 
8-22-0471 
8-22-0463 

8-22-0093 
8-22-050E 
8-22-0 51E 
8-22-0523 

8-22-05) E 
8-22-0 541 
8-22-055E 
8-22-056Z 

8-22-057E 
8-22-0 58E 
8- 22-05 9 E 

82.45 16a.7 164.2 
83.48 167.2 166.6 

86.01 173.5 172.9 

82.52 163.9 164.3 
85.09 171.2 170.6 
87.62 177.5 177.0 
92.75 191.0 190.4 

83.13 164.7 165.8 
87.14 176.2 175.7 

97.18 202.9 202.6 

83.19 166.2 165.9 
84.85 170.5 170.0 
86.80 175.7 174.9 
91.25 187.0 186.4 

87.17 175.7 175.8 
90.19 183.7 183.6 
92.96 191.5 190.9 
97-64 205.2 204.4 

85.33 170.5 171.2 
88.62 179.7 179.5 

97.52 204.0 203.5 

84.92 170.5 176.2 
86.35 174.7 173.8 
90.02 183.7 183.1 

84.27 169.2 168.6 
85.52 172.5 171.7 
87.29 176.7 176.1 
91.02 186.5 185.8 

85.37 172.0 171.3 
86.51 175.2 174.1 
87.64 177.7 l n . 0  
90.74 185.2 185.0 

83.87 168.2 167.6 
86.69 175.4 174.6 
88.74 180.4 179.8 
93.65 93.5 192.8 

84.62 168.7 169.4 
87.99 177.9 177.9 
91.42 187.5 186.8 

84-06 i6a.5 168.1 

89-95 183.5 183.0 

91.37 187.5 186.7 

0.0606 80.07 36.05 
0.0610 80.63 36.26 
0.0606 80.39 36.03 
0.0600 81.51 35.58 

0.1499 81.33 

0.1503 85.37 
0.1512 89.50 

0.2074 r 81.83 
0.2072 85.74 
0.2 09 1 8 8.99 
0.2134 94.14 

011505 83.57 
88.95 
88-90 
88.47 
88.29 

122.91 
121.88 
122.19 
123.47 

0.1285 81.59 76.17 
0.1283 83.23 75.82 
0.1283 85.32 75.52 
0.1279 88.27 74.85 

0.1900 85.35 111.83 
0.1907 89. 13 111.04 
0.1920 91.06 111.75 
0.1931 94.83 111.53 

0.1734 8 2 8 6  102.54 
0.1736 86.34 101.97 
0.1747 89.31 102.05 
0.1754 93.86 101.55 

0.1161 83.09 68.64 
0.1161 84.27 68.49 
0.1151 88.20 67.37 

0.1045 81.92 61.89 
0.1046 84.45 61.69 
0.1038 84.84 61.19 
0.1044 87.53 61.21 

0.092R 83.17 54.87 
0.0930 84.79 54.83 
0.0910 83.94 53.73 
0.0902 85.86 53.05 

0.1436 82.34 85.02 
0.1424 84.31 84.01 
0.1428 86.00 83.95 
0.1429 90. 15 83.36 

0.2018 83.31 119.25 
0.2018 8 5 7 6  118.70 
0.2038 89.15 119.08 

21.8 
7.6 
5.2 
3.0 

21.8 
7 . 6  
5.2 
3.0 

21.8 
7.6 
5.2 
3.0 

21.8 
7.6 
5 .2  
3.0 

21.8 
7 .6  
5.2 
3.0 

21.8 
7 .6  
5.2 
3.0 

7 .6  
5.2 
3.0 

21.8 
7 .6  
5.2 
3.0 

21.8 
7 .6  
5.2 
3.0 

21.8 
7 .5  
5.2 
3.0 

21.8 
7.6 
5.2 

17.6 
6.1 
4. 2 
2. 4 

17 .6  
6.1 
4. 2 
2.4 

17.6 
6.1 
4.2 
2. 4 

17.6 
6.1 
4. 2 
2.4 

17.6 
6.1 
4. 2 
2. 4 

17.6 
6.1 
4. 2 
2.4 

6.1 
4.2 
2. 4 

17.6 
6.1 
4.2 
2.4 

17.6 
6.1 
9. 2 
2.4 

17.6 
6.0 
4. 2 
2 .4  

17.6 
6. 1 
4. 2 

58335. 
20306. 
13872. 
8032. 

54516. 
19057. 
13195. 
7736. 

50693. 
17939. 
12309. 
7232. 

562 3 6. 
19479. 
t3405. 
78 59. 

55450. 
19249. 
13300. 
7652. 

55151. 
19367. 
1339 4. 
7915, 

19692. 
1350 7. 
7880. 

58048. 
20086. 
13867. 
8107. 

59335. 
20560. 
14107. 
8220. 

56174. 
19377. 
13518. 
7928. 

52451. 
18298. 
12701. 

80.02 
79.67 
79.37 
79.31 

74.50 
74.15 
74.72 
75.15 

68.77 
69.11 
68.78 
68.9 1 

76.97 
75.99 
76.10 
76.69 

75.75 
74. 7 1 
74.99 
73. 66 

75.35 
75.28 
75.70 
76.62 

76.90 
76.82 
77.02 

79.53 
78.55 
79.02 
79.51 

81.33 
80.50 
80.52 
80.81 

76.85 
76.51 
76.67 
77.16 

71.33 
70.61 
71.32 

80.33 
80.44 
80.48 
81.13 

75.19 
75.96 
77.24 
79.32 

69.71 
71.59 
72.34 
74.95 

77.56 
77.52 
78.31 
80.27 

76.57 
76.95 
78.20 
79.10 

76.13 
77.33 
78.59 
81.47 

78.32 
78.80 
80. 36 

80.03 
79.81 
80.78 
82.43 

81.77 
81.61 

83.38 

77.50 
78.25 
79-08 
81.19 

72.24 
73.05 
74.77 

~ 2 . 0 5  

0.25 2.28 
0.74 3.42 
1.06 4.13 
1.79 5.79 

0.62 7.68 
1.76 10.04 
2.47 11.64 
4.13 15.52 

0.87 13.89 
2.43 16.79 
3.51 19.39 
6.04 25.25 

0.53 5.93 
1.49 8.10 
2.17 9.59 
3.57 12.77 

0.77 11-00 
2.23 14.36 
3.15 16.37 
5.43 21.46 

0.71 9.59 
2.01 12.31 
2.90 14.22 
4.80 18.47 

1.37 7.31 
1.96 8.54 
3.29 11.33 

0.43 4.49 
1.23 6.34 
1.73 7.39 
2.91 10.05 

0.38 3.82 
1.08 5.45 
1.53 6.35 
2.52 8.64 

0.58 6.69 
1.69 9.31 
2.36 10.87 
3.99 14.48 

0.84 12.84 
2.37 16.16 
3.41 1A.38 

2787. 
2795. 
2772. 
2720. 

6876. 
6816. 
6727. 
6 598. 

9483. 
9282. 
9219. 
9083. 

5876. 
5818. 
5758. 
5622. 

8516. 
840 1. 
8345. 
8185. 

7855. 
7728. 
7663. 
7462. 

5266. 
5230. 
5082. 

4758. 
4723. 
4658. 
460 1. 

4203. 
4 184. 
4085, 
3992. 

6545. 
6408. 
6360. 
6210. 

9157. 
9014. 
8940. 

2741. -1.7 
2790. -0.2 
2745. -1.0 
2685. -1.3 

6710. -2.4 
6680. -2.0 
6415. -4.6 
6185. -6.3 

9466. -0.2 
9239. -0.5 
9128. -1.0 
9055. -0.3 

5731. -2.5 
5638. -3.1 
5619. -2.4 
5337. -5.1 

8396. -1.4 
8443. 0.5 
8177. -2.0 
8123. -0.7 

7754. -1.3 
7617. -1.4 
7518, -1.9 
7191. -3.6 

5190. -1.4 
5097, -2.5 
4918. -3.2 

4655. -2.2 
4656. -1 .4  
4496. -3.5 
4352. -5.4 

4133. -1.7 
4095. -2.1 
3977. -2.7 
3779. -5.3 

6340. -3.1 
6327. -1.3 
6125. -3.7 
5967. -3.9 

9183. 0 .3  
8992. -0.2 
8854. -1.0 

76 3. 
509, 
418. 
293. 

558.  
423. 
360. 
265. 

425. 
344. 
296. 
224. 

618. 

374. 
274. 

482. 
365. 
3 1 R .  
238. 

510. 
391. 
336. 
252. 

449. 
381. 
280. 

660. 
464. 
39 3. 
28 5. 

686. 
478. 
401. 
288. 

610. 
429. 
365. 
267. 

444.  

303. 

448. 

348. 



Table C-17 (continued) 

- 
Run No. TV * P. P,,tD Fcs  TC * iCs Fw, Re TWJ"' Tw,out' ATW' ATs Qc. Q w l  a x  loo "0' 

Btu 
hr . f t2 -oF  

"F psia psia gpm O F  lb,,,/hr gpm f t / sec  "F OF OF "F Btu/hr Btu/hr Q 

R-22-06 1 E 
R-22-062E 
R-2 2-0 6 3 E 
R-22-064E 

R-22-06 5E 
11-22-0663 
8-22-0 6 7B 
R-22-068E 

8-22-069E 
8-22-0 7OE 
R-22-07 1 E 

8-22-0723 
R-22-073E 
R-22-0 74E 
R-22-075E 

R-22-076E 
11-22-077E 
R-22-078B 
R-22-079E 

R-22-080s 
R-22-0 8 1 E 
R-22-082E 

8-22-0 8 3 E 
R-22-08 4E 
R-22-0 85E 
R-22-086E 

R-22-087E 
R-22-088E 
R-22-089E 
R-22-090E 

83.94 
87 .04 
89.91 
96.26 

86.10 
90.62 
93.78 
101.97 

88.89 
94.50 
98.77 

82.48 
84.61 
86.32 
90.63 

85.61 
87 -29 
88.36 
91 -34 

92 -01 
97 -92 
102.27 

83.41 
85.44 
86 -73 
90.65 

82.67 
83 -85 
84.66 

168.2 
176.2 
183.5 
200.2 

172.5 
185.0 
193.7 
216.9 

179.7 
195.7 
207.7 

164.7 
170.2 
174.4 
185.5 

172.7 
177.0 
179.7 
187.2 

187.9 
205.0 
218.0 

166.7 
172.5 
175.5 
185.5 

165.2 
168.2 
170.2 

167.8 
175.5 
182.8 
200.0 

173. 1 
184.7 
193.2 
216.4 

180.2 
195.1 
207.1 

164.2 
169.4 
173.7 
184.7 

171.9 
176.1 
178.8 
186.6 

188.4 
204.6 
217.3 

166.5 
171.5 
174.7 
184.8 

164.7 
167.5 
169-5 

0.1632 83.13 96.47 
0.1630 84.89 96.02 
0.1635 87.31 95.90 
0.1654 94.47 95.64 

0.2244 85.08 132.15 
0.2250 89.62 131.34 
0.2283 92.77 132.45 
0.2347 100.55 133.98 

0.2507 87.80 146.88 
0.2550 93.63 147.68 
0.2596 97.67 149.09 

0.1177 81.63 69.78 
0.1165 82.75 68.93 
0.1168 84.22 68.92 
0.1153 86.71 67.69 

0.0955 82.75 56.50 
0.0965 8U-62 56-88 . . . . . - . .- - - . - . 
0.0963 85.61 56.65 
0.0951 87.30 55.76 

0.2769 90.88 161.25 
0.2829 96.91 162.75 
0.2897 101.19 165.13 

0.1204 82.50 71.27 
0.1171 83.54 69.17 
0.1167 84.78 68.76 
0.1153 87.11 67.63 

0.0659 81.69 39.05 
0.0661 82.64 39.10 
0.0661 83-32 39.05 

21.8 
7.6 
5.2 
3.0 

21.8 
7.6 
5.2 
3.0 

21.8 
7.6 
5.2 

21.8 
7.6 
5.2 
3.0 

21.8 
7.6 
5.2 
3.0 

21.8 
7.6 
5.2 

21.8 
7.6 
5.2 
3.0 

21.8 
7.6 
5.2 

17.6 
6.1 
4. 2 
2. U 

17.6 
6.1 
4. 2 
2. 4 

17.6 
6. 1 
4. 2 

17. 6 
6.1 
0.2 
2. 4 

17.6 
6.1 
4.2 
2.4 

17.6 
6. 1 
4. 2 

17. 6 
6.1 
u. 2 
2.4 

17.6 
6.1 
4. 2 

55067. 
19249. 
13341. 
7918. 

5 150 1. 
18163. 
12539. 
74 2 3. 

51181. 
18233. 
12669. 

5621 1. 
19629. 
13501. 
7925. 

59427. 
20701. 
14173. 
8236. 

51292. 
18259. 
12632. 

56792. 
19835. 
13572. 
7929. 

5830 5. 
203 19. 
13914. 

75.25 
74.86 
75.47 
76.79 

69.9 1 
69.95 
70.06 
70.83 

69.40 
70.08 
70.72 

76.96 
76.63 
76.76 
77.44 

81.45 
81.02 
80.85 
80.90 

69.52 
70.07 
70.30 

77.77 
77.48 
77.20 
77.55 

79.97 
79.70 
79.60 

75.99 
76.80 
78.20 
81.37 

70.92 
72.61 
73-84 
77.22 

70.50 
73.04 
74.97 

77. so 
78.08 
78.79 
80.84 

81.90 
82.20 
82.48 
83.60 

70.70 
73.27 
74.96 

78.31 
78.89 
79.17 
80.83 

80.30 
80.52 
80.74 

0.68 8.31 
1.92 11.21 
2.73 13.07 
4.52 17.19 

0.94 15.68 
2.62 19.35 
3.74 21.83 
6.33 27.94 

1.04 18.94 
2.93 22.94 
4.22 25.92 

0.48 5.25 
1.39 7.25 
1.94 8.55 
3.34 11.49 

0.39 3.94 
1.12 5.68 
1.58 6.69 
2.63 9.09 

1.13 21.90 
3.17 26.25 
4.62 29.64 

0.50 5.37 
1.38 7.25 
1.93 8.54 
3.23 11.46 

0.27 2.53 
0.77 3.74 
1.12 4.48 

7424. 
7316. 
7 236. 
7059. 

10099. 
9886. 
9863. 
9684. 

11122. 
10968. 
10905. 

5395. 
5 293. 
5263. 
5095. 

4324. 
4330. 
4297. 
4 1 a7. 

12081. 
11940. 
11921. 

5494. 
5 297. 
5244. 
5091. 

3017. 
3010. 
2998. 

7363. -0.8 
7264. -0.7 
7092. -2.0 
6771. -4.1 

10206. 1.1 
9953. 0.7 
9723. -1.4 
9479. -2.1 

11350. 2.1 
11111. 1.3 
10950. 0.4 

5274. -2.2 
5266. -0.5 
5045. -4.1 
4994. -2.0 

4241. -1.9 
4231. -2.3 
4112. -4.3 
3930. -6.1 

12352. 2.2 
12042. 0.8 
11995. 0.6 

5427. -1.2 
5240. -1.1 
4996. -4.7 
4834. -5.0 

2936. -2.7 
2908. -3.4 
2895. -3.4 

556. 
407. 
345. 
256. 

40 1. 
318. 
282. 
216. 

366. 
298. 
26 2. 

640. 
455. 
383. 
276. 

684. 
475. 
400. 
287. 

344. 
283. 
25 1. 

637. 
455. 
383. 
277. 

702. 
501. 
817. 

86.72 175.5 174.7 0.0648 84.83 38.20 3.0 2.4 8060. 79.54 81.46 1.87 6.23 2913. 2799. -3.9 292. . -- ___ 

' *  . . 

4 
P 
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Table C-18. Experimental data f o r  R-113 condensing on tube A 

- 
Run No. TV * p, Psat *  F,* T, its Fw. v s  Re Tw,in' Tw.outs "w* Qc* Q"S 9 loo "0 ,  

OF psia psia gpm OF lb$hr gpm f t /sec  OF OF OF O F  Btu/hr Btu/hr Q Btu 
h r  - f  t2SoF 

R-l l3-001L 150.32 25.9 26.1 0.1421 125.13 106.77 22.5 18. 1 71237. 94.27 94.88 0.58 55.75 6448. 6477. 0 . 5  110. 
8-113-002A 154.47 27.2 27.9 0.1455 130.82 108.71 7.6 6.1 24374. 94.82 96.63 1.78 58.75 6526. 6726. 3.1 106. 
R-113-003A 155.41 27.9 28.3 0.1488 132.61 111.05 5.2 4.2 16326. 92.51 95.15 2.64 61.58 6657. 6843. 2.R 103. 
8-113-004A 155.48 28.9 28.3 0.1475 135.30 109.80 3.0 2.4 9389. 91.35 95.73 4.44 61.93 6581. 6640. 0.9 101. 

8-113-OOSA 138.59 21.0 21.4 0.1498 125.83 112.46 22.5 18. 1 60953. 80.83 81.50 0.60 57.42 6905. 6735. -2.5 115. 
R-113-0061 140.81 21.7 22.2 0.1507 128.73 112.86 7.6 6.1 20397. 79.48 81.35 1.80 60.39 6908. 6828. -1.2 109. 
8-113-007A 142.58 22.4 22.9 0.1506 131.09 112.53 5.2 4.2 14045. 79.59 82.27 2.59 61.65 6871. 6732. -2.0 1CC. 
8 - 1 1 3 - O O ~ A  146.75 24.0 24.6 0.1505 135.53 111.94 3.0 2.4 8279. 80.50 84.85 4.34 64.07 6795. 6489. -4.5 101. 

R-113-009A 
R-113- 01 0 1  

8-113-012A 

8 - 1 13- 0 1 3A 
8- 113-0 14A 
E -  113-0 15A 
E-113-016A 

R - 1 13- 0 17A 
8 - 1  13-018A 
E-113-019A 
8-1 13-02011 

8-1 13-02 1 A  
R-113-022A 
R-113-02311 
8-1 13-024A 

E-1 13-025A 
8 - 1 l E 0 2 6 A  
8-113-0278 
R- 113-02gA 

E-113-029A 
8-113-03011 
8-113-0311 
E- 113- 032A 

R-i 13-0 1 1 ~  

136.74 
138.22 
139.66 
142.54 

147.89 
151.93 
154.60 
159.48 

134.54 

136.60 
137.78 

135.89 

134.32 
136.06 
137.82 
141.28 

138.96 

145.36 
150.88 

142.86 

147.81 
152.56 
155.03 
160.96 

20.2 
20.9 
21.5 
22.7 

24.5 
25.7 
27.0 
29.2 

20.7 0.0990 120.18 
21.3 0.0977 122.09 
21.8 0.0981 123.52 
22.9 0.0974 126.99 

25.0 0.1916 139.58 
26.5 0.1892 1 4 2 7 3  
27.9 0,1910 145.66 
30.2 0.1912 150.80 

74.73 
73.63 
73.83 
73.04 

141.97 
139.82 
140.74 
140.14 

19.0 20.0 0.0671 121.86 
19.7 20.4 0.0669 123.37 
19.9 20.7 0.0660 124.27 
20.4 21.1 0.0652 125.39 

19.4 19.9 0.1258 121.24 
19.9 20.5 0.1252 122.77 
20.4 21.1 0.1254 124.70 
21.7 22.4 0.1249 128.44 

21.2 
22.4 
23.2 
25.4 

24.2 
26.2 
27.2 
30.0 

50.58 
50.34 
49.66 
48.97 

94. 89 
94.28 
94.23 
93.53 

21.6 
23.0 
24.0 
26.3 

25.0 
27.0 
28.1 
30.9 

0.1717 132.32 
0.1706 135.57 
0.1715 138.20 
C.1728 143.67 

0.2070 142.12 
0.2099 146.80 
0.2089 149.06 
C.2107 153.90 

128. 15 
126.94 
127.26 
127.54 

153.05 
154.46 
153.36 
153.95 

23.0 
7.5 
5.2 
3.0 

22.5 
7.6 
5.2 
3.0 

23.0 
7.5 
5.2 
3.0 

22.5 
7.6 
5.2 
3.0 

18.5 
6.0 
4. 2 
2. 4 

18.1 
6.1 
4. 2 
2.4 

18.5 
5.0 
4. 2 
2.4 

18.1 
6. 1 
4.2 
2. 4 

76577. 
25029. 
17524. 
10285. 

60504. 
20679. 
14369. 
8504. 

86315, 
28201. 
19599. 
11346. 

63771. 
21568. 
14856. 
8703. 

99.06 99.50 
98.87 100.12 
99.55 101.25 

100.59 103.42 

80.19 80.95 
80.42 82.63 
81.24 84.34 
82.31 87.48 

110.95 111.28 
110.90 111.74 
110.96 112.16 
110.95 112.87 

84.59 85.18 
84.20 85.78 
84.39 86.71 
85.10 88.85 

22.5 18.1 57733. 76.47 
7.6 6. 1 19766. 76.90 
5.2 4.2 13706. 77.55 
3.0 2.4 8123. 78.69 

22.5 18.1 57145. 75.62 
7.5 6.0 19335. 75.99 
5.2 4.2 13506. 76.09 
3.0 2.4 7891. 75.85 

77.21 
78.91 
80.38 
83.56 

76.47 
78.43 
19.51 
81.75 

0.40 37.46 
1.22 38.73 
1.73 39.26 
2.83 40.53 

0.73 67.32 
2.16 69.90 
3.13 71.81 
5.13 74.58 

0.28 
0.84 
1.20 
1.94 

0.53 
1.54 
2.26 
3.76 

23.42 
24.57 
25.05 
25.87 

49.44 
51.07 
52.27 
54.3 1 

4600. 
4523. 
4526. 
4460. 

8604. 
8431. 
8447. 
8 350. 

3123. 
3102. 
3057. 
3010. 

5859. 
5 808. 
5791. 
5721. 

0.67 62.11 7864. 
1.97 64.95 7748. 
2.84 66.39 7740. 
4.72 69.75 7696. 

0.78 71.77 9277. 
2.39 75.35 9298. 
3.38 77.22 9198. 
5.86 82.16 9153. 

4621. 
4546. 
4473. 
4226. 

8250. 
8193. 
8130. 
76 77. 

31 81. 
3123. 
3090. 
2891. 

5926. 
58 58. 
58 70. 
5612. 

0.5 117. 
0.5 112. 

-1.2 110. 
-5.2 105. 

-4.1 -2.8 122. 115. 

-3.8 112. 
-8. 1 107. 

1.9 127. 
c.7 121. 
1. 1 117. 

-0.0 111. 

1.1 113. 
0.9 109. 
1.4 106. 

-1.9 101. 

7498. -4.7 
7469. -3.6 
7367. -4.8 
7071. -8.1 

8766. -5.5 
8961. -3.6 
8773. -4.6 
8776. -4.1 

121. 
114. 
111. 
105. 

123. 
118. 
1 1 4 .  
106. 

R-113-033A 133.86 19.2 19.7 0.0562 122.03 42.33 23.0 18.5 89745. 114.99 115.28 0.23 18.72 2616. 2668. 2.0 133. 
E-113-034A 134.68 19.5 20.0 0.0577 123.41 43.41 7.6 6. 1 29482. 114.16 114.89 0.70 20.16 2680. 2648. -1.2 127. 
8-113-035A 135.22 19.7 20.2 0.0577 129.08 43.39 5.2 4.2 20162. 113.94 115.00 1-04 20.75 2676. 2688. 0.5 123. 
R-113-036A 136.15 20.0 20.5 0.0570 125.02 42.86 3.0 2.4 11634. 113.66 115.32 1.68 21.66 2640. 2497. -5.4 116. 

E-113-037A 
E-113-038A 
8-113-039A 
E -  113-04OA 

8-113-041A 
8 - 1  13-042A 
R-113-043A 
8-1 13-044A 

135.40 19.9 
136.18 20.0 
136.75 20.2 
138.04 20.7 

132.38 18.4 
133.86 18.9 
135.25 19.2 
137.73 20.2 

20.3 0.0815 126.72 61.14 
20.5 0.0822 127.50 61.65 
20.8 0.0828 128.14 62.07 
21.2 0.0835 129.22 62.09 

19.2 0.1156 120.31 86.93 

20.2 0.1149 127.34 86.18 
21.1 0.1137 129.75 85.04 

19.7 0.1140 125.79 85.57 

23.0 
7.6 
5.2 
3.0 

22.5 
7.6 
5.2 
3.0 

18.5 81647. 
6.1 26813. 
4.2 18271. 
2.4 10526. 

18.1 66667. 
6.1 22523. 
4.2 15452. 
2.4 9012. 

105.27 105.68 
104.36 105.41 
103.74 105.24 
103.12 105.58 

88.50 89.04 
88.07 89.50 
88.00 90.03 
88.32 91.58 

0.34 29.93 
1.03 31.30 
1.49 32.26 
2.44 33.69 

0.47 43.61 
1.38 45.07 
2.03 46.23 
3.25 47.78 

3 770. 
3798. 
3820. 
3839. 

5382. 
5288. 
53 15. 
5227. 

3894. 3.3 
3890. 2.4 
3847. c.7 
3630. -5.5 

5245. -2.6 
5205. -1.6 
5255. -1.1 
4855. -7.1 

120. 
116. 
113. 
109. 

118. 
112. 
110. 
104. 



Table C-18 (continued) 

- 
Run No. TV P s  Ps,t* Fc* TC iCs F,. '* Re Tw,in' Tw,outs ATw* Qc* e* g x loo "0. 

8tu 
hr. f t2 .0F 

OF psia psia gpm OF lb,,,/hr gpm ft /sec O F  OF OF OF Btu/hr Btu/hr Q 

R-113-045A 1 3 7 . 5 9  20 .2  21.1 0 .1689 1 3 2 . 3 8  126.03 2 2 . 5  18 .1  57150-  75.69 76.41 0 .66  61 .53  7748.  7442. -4 .0  120. 
R-113-O46A 142.03  21 .7  22.7 0.1710 136.47 127.10 7 . 4  6 .0  19174. 76.61 7 8 . 6 2  1.99 64 .42  7766.  7339.  -5 .5  115. 
R-113-047A 144.78 22 .7  23 .8  0 .1705 139.09  126.42 5 . 2  4 . 2  13687. 77.42 80 .29  2.89 6 5 . 9 2  7696.  7510.  - 2 . 4  1 1 2 .  
R-113-048A 150.09 25 .0  2 6 . 0  C.1711 144.16  126.24 3 . 0  2 . 4  8157.  79.08 83.85 4 . 6 8  6 8 . 6 3  7626.  6998.  - 8 . 2  106. 

8-113-049A 147.20 23 .7  2 4 . 8  0.2036 143.12  150.38 2 2 . 5  18. 1 57110. 75.59 7 6 . 4 1  0 .78  71 .21  9123.  8755. -4 .0  122. 
A-113-050A 150.80  25 .4  26.3 0 .2027 145.90 149.32 7 . 6  6 . 1  19542.  75.85 78 .17  2 . 3 0  7 3 . 7 9  9012.  8739. -3 .0  117. 
it-113-051A 1 5 4 . 4 3  26 .9  27 .9  0 .2052 149.50 150 .64  5 . 2  4 . 2  13586.  76.58 79 .96  3 .35  7 6 . 1 6  9044.  8680.  - 4 . 0  l l ? .  

R-113-053A 
R-113-054A 
E-113-055A 
R-113-056A 

It-1 13-057A 
R-113-05 8A 
R - 1 13- 059A 
R - 1 13- 0 6 OA 

133.99  
137.53 
139 .94  
146.C6 

144.58  
147 .59  
150.68 
155.04 

18.9 19.8 
20 .2  21 .0  
20.9 21.9 
23 .5  24 .3  

22.7 2 3 . 7  

25.4 26 .2  
27 .2  28.1 

24 .0  24.9 

C.1567 128.88 
0.155R 132.18 
0.1570 134.48  
0 .1595 140.80 

0 .1934 140.20 
0.1935 143.00  
0.1930 145.80  
0.1949 149.50 

117 .32  
116.30 
116.89 
118.05 

143 .21  
142.93 
142.18 
143.02 

2 2 . 5  18. 1 
7 . 6  6. 1 
5 . 2  4 .2  
3.0 2 .4  

2 2 . 5  18. 1 
7 . 6  6. 1 
5 . 2  4 . 2  
3 . 0  2 . 4  

56988. 
19545. 
13548.  

8048.  

56953. 
19273. 
1341 6 .  
7803.  

75.49 
76 .10  
76 .71  
78.10 

75.37 
74.81 
75.63 
75.26 

76.17 
7 7 . 9 4  
79.38 
8 2 . 6 5  

7 6 . 1 9  
7 7 . 0 4  
78 .91  
80 .57  

0 .62  58 .16  
1.83 6 0 . 5 1  
2.61 6 1 . 9 0  
4 .59  65.69 

0 . 7 5  68 .79  
2.22 71 .66  
3.20 7 3 . 4 1  
5.30 77 .12  

7 248. 
7151.  
7163. 
7 173. 

6982.  - 3 . 7  119. 
6946.  -2.9 113. 
6778.  - 5 . 4  1 1 1 .  
6869.  - 4 . 2  104. 

8720.  8418. - 3 . 5  121.  
8666.  8428. -2 .7  116. 
8582.  8309. - 3 . 2  112. 
8578.  7938. - 7 . 5  106. 

8-113-061A 146.88  23 .5  2 4 . 6  0.1897 134.31 141.30 22 .5  18 .1  58330. 77.25 78.06 0 . 7 3  69 .23  8575.  8227. -4 .1  118. 
R-113-0621 150.01  24.9 2 5 . 9  0.1898 138.04  140.86 7 . 6  6 . 1  19671.  76.38 7 8 . 6 8  2 . 2 3  72 .49  8511.  8440. -0 .8  112. 
R-113-063A 151.58  25.5 2 6 . €  C.1899 139.45  140 .77  5 . 2  4 . 2  13363. 75.31 7 8 . 6 2  3.20 7 4 . 6 1  8486.  R306. - 2 . 1  119. 
8 - l l E 0 6 4 A  156.$2 2 7 . 7  2 8 . 8  0.1942 144.68  143.25 3.0 2 . 4  7750.  74.66 80 .09  5 .37  7 9 . 0 4  8574. 8032. -6 .3  104. 

L 4 c c 
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Table C-19. Experimental data for R-113 condensing on tube B 

c 

- 
p,  Psat' F,* T,. 6,. Fw3 v s  Re Tw,in' Tw,gutg ATw' AT 9 Qc * QW. GiX 100 " 0 .  

Btu 
hr .f t2 .OF 

Run No. TV O F  Btu/hr Btu/hr Q O F  psia psfa gpm O F  lb$hr gpm ft/sec O F  F OF 

8-1 13-00 1 8 
8-113-0028 
R-113-0038 
R- 113-00 48 

R-113-0058 
R- 1 1 3- 0068 
8-1 13-0078 
R-113- 0088 

R - 1 13- 0 0 98 
R- 113-0108 
R-113-0 118 
R- 113- 0 128 

R - 1 1 3- 0 1 38 
8 -  113- 01  48 
8-1 13-0158 
R-113-0168 

R - 1 13- 0 178 
R-113-0188 
R-113-0198 
R- 1 13- 0 208 

P-113-021P 
R- 113- 0228 
8-1 13-0238 
R- 113-0248 

R- 1 13-0258 
8 -1  13- 0268 
8- 1 13- 0278 
8-113-0288 

R-113-0298 
R-113-0308 
8-  1 13- 0 3 1E 
R-113-0328 

R-113-0338 
R-113-0348 
R - 1 1 3- 0 3 58 
R-113-0368 

R - 1 13- 037 8 
8-113-03@8 
R-113-0398 
R-113-0408 

R-113-04 18 
8-113-0828 
R-113-0438 
R-113-0448 

I 

128.63 
130.73 
132.14 
135.60 

128 .oo 
129.00 
129.65 
131.03 

129.90 
132.34 
133.68 
136.14 

125.77 
129.13 
130.64 
134.44 

129.99 
131.42 
131.74 
132.66 

126.28 
128.88 
130.60 
135.15 

128.72 
130 .OO 
131.05 
133.50 

125.48 
130.12 
133.45 
140.92 

128.83 

130.37 
131.70 

127.81 
129.3E 
130.44 
132.54 

124.64 
127.71 
129.85 
134.55 

129.80 

17. 4 
17.9 
18.2 
19.4 

17.2 

17.5 
17.9 

17.4 
18.2 
18.5 
19.4 

16.2 
17.2 
18.5 
18.9 

17.4 
18.4 
18.0 
18.4 

16.4 
17.2 
17.5 
19.0 

17.0 
17.5 
17.9 
18.5 

16.2 
17.5 
18.7 
21.4 

17.2 
17.5 
17.7 
18.2 

16.7 
17.4 
17.7 
18.4 

16.2 
16.9 
17.5 
19.0 

17.4 

18.0 
18.7 
19.2 
20.3 

17.8 
18.1 
18.3 
18.8 

18.4 
19.2 
19.7 
20.5 

17.1 
18.2 
18.7 
19.9 

18.4 
18.9 
19.0 
19.3 

17.3 
18.1 
18.6 
20.2 

18.0 
18.4 
18.8 
19.6 

17.0 
18.5 
19.6 
22.3 

18.1 
18.4 
18.6 
19.0 

17.7 
18.2 
18.6 
19.3 

16.8 
17.7 
19. 4 
20.0 

0.1568 122.33 118.12 
0.1576 124.56 118.50 
0.1576 126. 04 118.30 
0.1571 129.31 117.58 

0.1020 119.92 77.01 

C.1030 121.60 77.64 
0.1026 123.17 77.21 

C.1307 121.36 98.54 
c.1302 124.11 97.94 
0.1304 125.59 97.93 
0.1287 128.28 96.42 

0.2235 120.03 168.70 
C.2228 123.30 167.66 
0.2239 125.15 168.21 
C.2236 128.99 167.40 

C.0803 121.33 60.52 
C.0777 122.72 58.51 
0.0790 123.38 59.44 
0.0781 124.31 58.74 

0.1893 122.71 142.52 
C.1880 1 2 5 0 3  141.23 
C.lR91 126. 63 141.85 
0.1879 130.72 190.44 

0.1173 123.2R 88.29 

0.1166 125.46 87.60 
C.1166 127.75 87.38 

0.1022 i2r1.98 77.07 

0.1170 124.fii 127.98 

0.2456 122.72 
0.2464 121.27 
C.2467 130.28 
0.2483 137.41 

C.0907 122.03 
C.0904 122.99 
0.0914 123.63 
0.09 12 124. 80 

184.93 
184.79 
184. 47 
184.43 

68.31 
68.08 
68.80 
68.57 

0.0979 120.55 73.87 
C.0985 122.07 74.20 
C.0989 123.24 74.41 
0.0994 125.25 74.69 

C.2052 121.25 154.73 
0.2041 124.02 153.51 
C.2044 125.97 153.44 
C.2038 110.29 152. 41 

22.2 
7.6 
5.2 
3.0 

22.5 
7.6 
5.2 
3.0 

22.5 
7.5 
5.2 
3.0 

22.2 
7.6 
5.2 
3.0 

22.5 
7.6 
5.2 
3.0 

22.5 
7.4 
5.2 
3.0 

22.5 
7.6 
5.2 
3.0 

22.2 
7.6 
5.2 
3.0 

22.5 
7.6 
5. 2 
3.0 

22.5 
7.6 
5.2 
3.0 

22.2 
7.6 
5.2 
3.0 

16.2 
5. 5 
3. 8 
2.2 

16. 4 
5.5 
3. 8 
2.2 

16. 4 
5.5 
3.8 
2.2 

16.2 
5.5 
3.8 
2.2 

16.4 
5. 5 
3.8 
2. 2 

16.4 
5. 4 
3.8 
2. 2 

16. 4 
5.5 
3. 8 
2.2 

16.2 
5.5 
3.8 
2.2 

16.4 
5.5 
3.8 
2.2 

16. 4 
5.5 
3.8 
2.2 

16.2 
5. 5 
3.8 
2.2 

76848. 104.79 105.49 
26276. 104.06 105.97 
17997. 103.73 106.51 
10466. 103.54 108.25 

85317. 114.16 114.66 
28711. 113.38 114.66 
19595. 112.83 114.69 
1126C. 111.89 114.91 

82857. 111.10 111.70 
27829. 111.37 112.98 
19372. 111.43 113.72 
11280. 111.26 115.06 

64899. e8.98 89.96 
22327. 88.51 91.29 
15121. 87.06 90.99 

8706. 8S.58 92.12 

89938. 120.09 120.49 
30551. 120.44 121.41 
20819. 119.76 121.18 
11974. 118.96 121.29 

71637. 96.75 97.59 
23544. 95.90 98.31 
16578. 95.66 98.93 

9691. 95.69 101.30 

84059. 112.60 113.14 
28312. 111.85 113.30 
19397. 111.66 113.76 
11248. 11 1.52 1 14.96 

61961. 84.87 85.94 
21436. 84.92 87.92 
14855. 85.35 89.66 
8854. 86.63 93.96 

87821. 117.26 117.70 
29628. 116.78 117.92 
20190. 116.10 117.73 
11639. 115.49 118.16 

85978. 114.99 115.45 
29082. 114.76 115.97 
19937. 114.69 116.45 
11552. 114.59 117.46 

67094. 91.92 92.82 
23043. 91-40 93.91 
15841. 91.29 94.86 

9259. 91.26 97.21 

0.65 
1.91 
2.75 
4. b6 

0.45 
1.26 
1.85 
3.07 

0.54 
1.57 
2.28 
3.82 

0.93 
2.73 
3.90 
6.51 

0.34 
0.95 
1.40 
2.32 

0.77 
2.39 
3.30 
5.56 

0.49 
1.42 
2.07 
3.44 

1.0 1 
3.01 
4.26 
7.26 

0.38 
1.09 
1.62 
2.66 

0.41 
1.19 
1.74 
2.88 

0.85 
2.49 
3.58 
5.85 

23.49 
25.7 1 
27.02 
29.71 

13.59 
14. 97 
15.89 
17.63 

18.50 
20.17 
21.10 
22.98 

36.30 
39.23 
41.62 
45.59 

9.71 
10.49 
11.27 
12.54 

29.11 
31.77 
33.31 
36.66 

15.85 
17.42 
18.34 
20.26 

40.07 
43.69 
45.95 
40.62 

11.35 
12.45 
13.95 
14. 87 

12.59 
14.0 1 
14. 87 
16.51 

32.27 
35.06 
36.77 
40.31 

7350. 
7353. 
7326. 
7249. 

4796. 
4793. 
4824. 
4789. 

6121. 
6064. 
6053. 
5940. 

10 536. 
10425. 
10 439. 
10336. 

3759. 
3627. 
3683. 
3636. 

8895. 
8784. 
8803. 
8663. 

5492. 
5464. 
5433. 
5402. 

11 553. 
11475. 
11405. 
11287. 

4249. 
4230. 
4271. 
4249. 

4601. 
4 6 12. 
4619. 
4624. 

9677. 
9563. 
9532. 
9409. 

7120. -3.1 
7225. -1.7 
7099. -1.1 
6945. -4.2 

4996. 4.2 
4765. -0.6 
4768. -1.2 
4568. -4.6 

6000. -2.0 
5847. -3.6 
5871. -3.0 
5674. -4.5 

10239. -2.8 
10334. -0.9 
10090. -3.3 

5730. -5.9 

3771). 0.4 
3577. -1.u 
3615. -1.8 
3443. -5.3 

8626. -3.0 
8780. -0. 1 
8541. -3.0 
8291. -4. 3 

5431. -1.1 
5342. -2.2 
53W.  -1.7 
5118. -5.3 

11208. -3 .0  
11413. -0.5 
11028. -3.3 
10848. -3.9 

4238. -0.3 
4110. -2.8 
4186. -2.0 
3954. -7.0 

4528. -1.6 
4494. -2.6 
4490. -2.8 
4285. -7.3 

9376. -3.1 
9422. -1.5 
9267. -2.8 
8741. -7.1 

2 c e .  
191. 
18 1. 
163. 

225. 
213. 
202. 
181. 

i20. 
200. 
19 1. 
172. 

193. 
177. 
167. 
15 1. 

258. 
230. 
218. 
193. 

204. 
184. 
176. 
157. 

23 1. 
209. 
197. 
178. 

192. 
175. 
165. 
149. 

249. 
226. 
21 1. 
190. 

2 4 3 .  
219. 
207. 
le?. 

zco. 
182. 
173. 
152. 
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Table C-19 (continued) 

- 
Run No. TV * Ps Ps,+,* Fcs TCs ic, F,. Re Tw,in' Tw,out' ATw* "' Qc. Qw. x 100 " 0 ,  

Btu 
hr.ft2.0F 

"F p s i a  p s i a  gpm "F lbJhr  gpm f t / s e c  "F "F "F "F Btu/hr Btu/hr  Q 

R-113-0458 
R-113-0468 
8- 1 13- 0 478 
R-113-0488 

A - 1  13-0496 
R- 113- 0506 
8-113-0518 
R - 1 13- 05 26 

131.17 
132.90 
134.14 
136.90 

126.30 
128.56 
130.27 
134.00 

18.2 18.8 0.1436 125.70 107.95 22.5 
18.5 19.4 0.1427 127.62 107.00 7.6 
18.9 19.8 0.1421 128.64 106.43 5.2 
19.4 20.8 0.1424 131.41 1t6.39 3.0 

16.4 17.3 0.1739 122.67 130.94 22.5 
17.2 18.0 0.1753 124.53 131.78 7.6 
17.1 18.5 C.1743 126.24 130.79 5.2 
18.9 19.8 0.1736 129.73 129.86 3.0 - 

16.4 82290. 110.39 111.02 
5.5 27807. 109.88 111.61 
3.8 19044. 109.59 112.09 
2.2 11019. 109.09 113.18 

16.4 73828. 99.55 100.33 
5.5 24843. 98.52 100.66 
3.8 17043. 98.27 101.39 
2.2 9928. 98.18 103.27 - - - .- - -_ - _- - - __ - --. 

0.58 20.46 
1.70 22.21 
2.49 23.30 
4.11 25.76 

0.72 26.37 
2.13 28.97 
3.06 30.44 
- 5.13 . -. .. 13.27 .. .-. . 

6688. 
6620. 
6574. 
6547. 

8 172. 
8 200. 
8121. 
8023. - . .-- 

6513. -2.6 21@. 
6396. -3.4 199. 
6428. -2.2 188. 
6107. -6.7 169. 

8112. -0.7 206. 
8042. -1.9 189. 
7923. -2.4 178. 
7654. -4.6 161. - .. - __ 

A 



'EEL 
'ObE 
'hlh 
'9Lh 

'861 
"jlt 
'hZ2 
.Z 82 

'SEZ 
'852 
'LLZ 
'EOE 

'LZE 
'59E 
'L6C 
'hhh 

'982 
'OZE 
'8EE 
'OB€ 

'ShZ 
'6 92 
'882 
'LZE 

'S 9z 
'h6Z 
'SCE 
'SSE 

'SbZ 
'9EE 
'19E 
'h6E 

'602 
'LZZ 
'BE2 
'851 

'E92 
'16Z 
'LOE 
'ZhC 

'LZZ 
'8hZ 
'Lbt 
'6LZ 

h'h- '9292 
L'l- '689Z 
L '0- - EZ LZ 
9'2 'Z182 

U'L- '6056 
0 '2- 'S8001 
E '1- 'E9201 
1 '6- LE96 

E '2- '18 6s 
L'O- 'SLl9 
0'1- '2229 
h 'S- 'Eh8S 

tl'h- '1662 
1'1- 'ZhlC 
1'2 'LEZL 
h'8- '1162 

L 'h- 'Zh6E 
L'L- 'lllh 
9'0 'COZC 
1'0- '9EZh 

1'5- '6LZS 
L '1- '9655 
8 '0- 'ESSS 
h'O -109s 

EX- 'Ll9h 
1 'Z- '6OLh 
h -1 '9S8h 
6'2- -669h 

0 'E- '9LEC 

L'9- 'SLOB 
8'9- 'LZLE 
h'E- '2188 
L '5- 'LS28 

s 'L- 'LL Lh 
L'h- '016h 
6'1- 'L90S 
9 'h- 'hL6h 

L '8- '95 h9 
Z'E- 'ZZ69 
h *E- 'OLOL 
2 'L- '9SL9 

'LhLZ 
'LCLZ 
' ZhLZ 
'ZCLE 

'Zlcol 
'Z6ZOl 

L6EOl 
'S6SOl 

'ZZL 9 
'OZZ9 
'EO29 
'9LL9 

'ZhlE 
'LLLE 
-59cc 
'6Ll E 

'8Elh 
'28lh 
'081h 
'6EZh 

'2855 
'9595 
- L6SS 
'LLSS 

'LLLC 
'018h 
'L8Lh 
'BE8 h 

'28hC 
'E6hE 
'6bhE 
'88hE 

-8598 
'ZZL8 
'LO18 
'SOL8 

-101s 
'OS1 s 
'L9lS 

Cl 2s 

'ELOL 
'ESlL 
'LSZL 
'h82L 

8E'L LL'L 
hh'9 hO'1 
E63 ZL'O 
91's 9z-0 

hS'9h 9E.9 
ZLYC 68'E 
09'lh LL'Z 
hZ'6E LB'O 

8Z'LZ ZO'h 
ES'LZ 6E'Z 
LL'OZ s9-1 
LZ'81 CS'O 

09'b LO'Z 
8L'L 22'1 
hZ'L 98'0 
08'9 9Z'O 

26'21 S9'2 
69'1L 6S'L 
LO'LL €1'1 
66'6 8E'O 

Zb'O2 SS-E 
LL'81 Ll '2 
Lh'Ll Lh'l 
LS'SL CS'O 

01-91 OL'E 
h9'hl €8'1 
19-63 62'1 
02'21 Eh'O 

SS'OL LZ'Z 
62'6 SE'L 
hS'8 €6'0 
16'L 82'0 

hO'LE 1h'S 
hf'trE Cl'f 
LL'ZE €2'2 
02-oc SL'O 

CE 'Ll Ll 'E 
18'Sl 06'1 
LO'S1 RE'L 
29'El Sh'O 

58'LZ EE'C 
6L'SZ 89'Z 
ZZ'SZ S8.L 
hE'E2 19'0 

E8 'CZ 1 90 'E Z 1 'E C OE 1 
LO'S21 S6'EZl '6OLZZ 
6E'Stl L9'hZl 'ICE€€ 
00'9Zl OL'SZl 'BE086 

60'06 69'E8 'L968 
06'LB L6'h8 '6SbSl 
61'LB hh'h8 'S9hZZ 
OL'98 SI'S8 'FEES9 

E9'0Ll 99'901 '9hCll 
9E.601 L6'90L 'OLS61 
62'601 h9'LOl '68982 
ZE'OLL SL'601 '10058 

EL'9Zl lL'h21 'hEZE1 
8L'SZl S6'EZl 'SZL22 
61 'e21 E€ 'E21 '1 66ZE 
1 1 'E 21 6 L '221 'E 1 LS6 

LS'81 1 Z6'SLL 'hl E21 
LS'Lll 68'Sll '9EZlZ 
9O'LLL E6'Sll 'L LSOE 
59'911 h2'911 'hhh06 

fIS'S11 OO'ZLL 'SL6L 1 
LE 'SL 1 81 'EL 1 'CS LOZ 
EB'S 1 1 9E 'h 1 L 'ZLSOl? 
9Z'S 11 EL 'C 11 '2 1268 

SZ'911 Sl'Ell 'ZZOZL 
09'SlL SL'Ell 'hEEO2 
Sl '911 98'h 11 '1 690E 
LE'S11 Z6'hCl 'hhE68 

OS'SZL EL'EZl '68OEl 
06'121 hS'E21 '09922 
S9'EZl EL'ZZL 'EEEZE 
Lh'lZl 80'121 'LlEC6 

LO'ZOL 6S.96 'EOEOL 
20'001 L8'96 'E69Ll 
bb'66 61'L6 'EZBSZ 
Sh'86 C9'L6 'OlZSL 

h8'LlL L9'hLl 'OOZZL 
6b'Sll 9S'Ell 'h080Z 
OE'h 11 96'21 1 'ShlOE 
86'Zll OS'ZLL '862L8 

LZ'EOL h6'86 '90501 
85 LO 1 06'86 'ZhO81 
98'001 86'86 'LLZ9Z 
h8'ZOL 61'ZOl 'S168L 

8 'Z 
6 'h 
1 'L 
8 'OZ 

8 -2 
6 'h 
1 'L 
8'02 

8 '2 
6 'C 
1 'L 
8'02 

8 'Z 
6.C 
L 'L 
8-02 

8'Z 
6'h 
0 'L 
8'02 

8 '2 
6 'h 
1 'L 
8'0Z 

8'2 
6 '1 
1 'L 
8-02 

8'2 
6 'h 
1 'L 
8'OZ 

8 '2 
6 'h 
1 'L 
8 -02 

8 '2 
6'6 
1 'L 
8'02 

8 '2 
6 'h 
1 'L 
8 'OZ 

O'E 
2's 
9'L 
2 'ZZ 

O'E 
Z'S 
9'L 
2 '22 

O'E 
z 'S 
9'L 
2 'ZZ 

0 'E 
2'5 
9 'L 
z 'ZZ 

O'E 
2'5 
S'L 
2 'ZZ 

O'E 
z 'S 
9 'L 
Z'ZZ 

O'E 
2 '5 
9 'L 
2' 22 

O'E 
2 'E 
9'L 
Z'Z2 

O'E 
Z'S 
9'L 
2 -22 

O'E 
Z'S 
9'L 
z '22 

O't 
2-54 
9 'L 
z 'Zt 

LE'hh C6'611 L8S0'0 
Ll'hh 62'611 h8SO'O 
12'bb EL'IIll S8SO'O 
12'hh 68'811 58SO'O 

BL'99L 10'621 EZZE'O 
tS'S91 OO'Ltl EO22'3 
b8'991 SET21 LlZZ'O 
6S.691 59-121 OSZZ'O 

Z8'86 h9'SZL 9lEl'O 
Ll'OOL 06'EZl LEEL'O 
YO'LOl ZCTZl EZEL'O 
12'66 Lt'ZZl Lltl'O 

68'0L 88'ZZl 9L90'0 
LE'LS 92'121 0890'0 
EO'LS SE'OZL 9L90.0 
Cl'LS LO'611 LL90'0 

h9'99 91'17.1 2880'0 
OZ'L9 LO '61 1 0680'0 
6O'L9 68'811 8880'0 
h6'L9 82'811 6680'0 

8E.06 88'921 SOZL'O 
fh'l6 6L'SZL 8121'0 
EC'06 LO'S21 EOZL'D 
58'68 80'EZl h61L'O 

66'9L 91'221 2201'0 
8E'LL L)O'lZl 9201'0 
86'91. 9E'OZl 0201'0 
Z9'LL ZS'8Ll LZOL'O 

Eh'9S SS'OZL 8CLO-0' 
OS'9S 91'611 8hL0-0 
99'SS 96'911 SELO'O 
01-95 OL'Sll 011LO'O 

BS'OhL Zh.OC1 0881'0 
96'Ohl 90'LtL 0881'0 
LE'Ohl 61 'St1 8981'0 
h8'6El hS'ZZ1 LS8l'O 

ES'28 ZZTZL 9601'0 
56'28 11'OZL 6601.0 
SO'EB 28'811 6601'0 
SS'EO 06'911 COLL'O 

EL'CLL O6DZl 8OSl'O 
LS'hll Zl'tllC SlSl'O 
11'911 EL'Lll SESL'O 
h9'911 h2'811 EhSl'O 

6'8L 
L'81 
8 '81 
8'81 

9'61 
2'81 
9'Ll 
O'LL 

1'61 
t.81 
2 -81 
6'Ll 

6'61 
2'61 
8'81 
2'81 

5'81 
6'Ll 
LOLL 
E'LL 

6'6C 
5'61 
EO61 
9.81 

L'8L 
2'81 
2'81 
9 'Ll 

L -0z 
9'61 
0'61 
Z'8L 

9'02 
h'6L 
8.81 
6'LL 

9'61 
9.81 
0'81 
E'LL 

L'81 
Z'LL 
6'91 
L 'Ll 

9'61 
9'81 
L'81 
LO81 

Z'61 
6'LL 
b'L1 
6'91 

0'6 1 
Z'8L 
0'81 
L'LL 

h'6 1 
0'61 
*'EL 
1'81 

E.81 
LOLL 
Z'LL 
O'LL 

SO61 
0'61 
8'81 
2.81 

Z'8L 
I'LL 
L'LL 
Z'LL 

11-02 
6'61 
2'61 
h'8L 

z '02 
6'81 
EO81 
SOL1 

2'61 
0'81 
SOL1 
Z'LL 

1-11 
6'91 
9-91 
6-91 

EE'LEL 
Z6'0El 
96'OEl 
LO'lEl 

Zh'EEl 
S1'6Z-L 
Zb'LZL 
9il'SZl 

E6'1El 
OL' 62 1 
hZ'621 
hZ'8ZL 

ZE'bEl 
hE'ZE1 
00' LE 1 
SE'621 

LL'OEL 
6E'BZL 
LS'LZL 
EC'92L 

61 'bE1 
SP'EEL 
ES'OEl LS'ZEL 

08'OEl 
lE'621 
ZL'6ZL SE'UL 

26'hEL 
15'EEl 
EL'lEl 
91'621 

EE'9El 
88'tEl 
ZO'LEL 
bZ'921 

6S'EEl 
EE'OEL 
99'821 
9E.921 

56'821 
EO'92L 
hl'S2L 
Sa's2 1 

394.0-ELL -8 
3SLO -EL 1 - 8 

3E LO -E 1 1 - 8 

3ZLO-El 1-8 

30 LO-EL 1-a 
3690-€11-8 

389 0-El 1 - 8 
3L9 0 -El 1- 8 
3990 -EL 1-8 
3S90-€11-8 

3C90-EL 1-8 
DE90 -El 1 -8 
3z90-El 1-8 
3190-El 1-8 

3090 -EL 1 - 8 
3650 -EL 1 - 8 
385 0 -EL 1 -8 
3LSO -E 1 1-8 

39SO-€l L-8 
3SSO -El 1 -8 
311SO-ELl-8 
3ESO-ELL-8 

32SO-EL1 -a 
31 so-€1 1-8 
30SO-€11-8 

DUO-EL L-a 

3iLo-cii-a 

X~O-ELL-~ 

~etto-~i L-8 
3Lb o -EL i -8 
39b0-ELL-8 
3ShO-EL 1-8 

3CttO-EL L-8 
3EbO-Cll-8 

31110-€11-8 

3011 0-El 1 -a 
36E 0 -El L - 8 
38EO-ELL-8 
3LEO-El 1-8 

39EO-ElL-8 

3hEO-El 1-8 
3EE 0 -EL 1 -8 

~z~~o-ELL-~ 

~SEO-EL L-a 



Table C-20 (continued) 

- 
Run No. TV P. Ps,t* Fc. T c s  ic. Fws v s  Re Tw,inD Tw,outs ATws AT* Qc* Q w s  x 100 "0. 

O F  ps ia  psia gprn O F  lb,,,/hr gpm f t / sec  O F  O F  O F  O F  Btu/hr Btu/hr Q Btu 
h r s f  t2 . O F  

A-113-077C 124.30 16.6 16.7 0.1696 119.13 128.13 22.2 20.8 74846. 97.24 97.96 0.67 26.70 8017. 7396. -7.7 269. 
R-113-078C 126.83 17.2 17.4 0.1691 121.29 127.50 7.6 7.1 25724. 96.91 99.01 2.11 28.87 7952. 7959. 0.1 20fi. 
R-113-079C 128.24 17.6 17.9 0.1692 122.71 127.41 5.2 U.9 17633. 96.64 99.62 2.96 30.11 7931. 7654. -3.5 236. 
R-113-080C 131.42 18.5 18.9 0.1694 125.86 127.19 3.0 2.8 10207. 95.91 100.96 5.06 32.99 7884. 75a2. -4.3 214. 

T 4 



. .. g_,""... - 

-9  

- .. 

t b 

Table c-21. Experimental data for R-113 condensing on tube D 

- 
Run No. T" P. Psats Fcs Tcs i,. F,q. " *  Re Tw,in* Tw,out* ATws AT* 9,. QkP 9 Uo. 

O F  psia psia gpm I O F  lb,,,/hr gpm f t / sec  O F  O F  O F  O F  Btu/hr Etu/hr Q 3tu 
hr.ft2.'F 

R -  1 13- 00 1D 130.31 
R - 1 13- 0 0 2D 1 32. € 6 
R -  1 1 3- 0 0 3D 1 33 -96 
R-113-004D 136. e3  

R -  113-005D 129 I 6 5  
8-113-0061) 133.04 
R-113-007D 134.72 
A-113-008D 138.86 

B-113-009D 132.28 
R-113-010D 133.41 
8-113-0110 133.98 
R- 1 13-0 12D 135.55 

R-113-013D 132.24 
R-113-014D 133.57 
R-113-015D 134.14 
R-113-016D 136.09 

8-  1 13- 0 1 7 D  1 27.7 0 
R-113-O1ED 129.88 
R -  113- 019D 131 -77  
R-113-020D 137.94 

R-113-021D 129.37 
R-113-O22D 130.51 
R -  113-0231) 130.57 
8- 113-024D 132.48 

R-113-025D 128.33 
R-113-026D 130.05 
8- 1 13- 0 27D 1 30.9 6 
R-113-O28D 133.66 

R-113-029D 128.58 
R-113-0 30D 129.29 
R-113-031D 129.63 
R-113-032D 130.94 

R-113-033D 127.23 
R -  113- 0340 128.57 
R-113-035D 129 .OO 
R- 1 13- 0 36D 1 3 1 . 0 5 

8-  1 13- 0 37D 
R-113-038D 
A-113-039D 
R- 1 13- 040D 

R-113- O U l D  
R-113-042D 
R-113-043D 
A-113-044D 

130.40 
131.13 
131.62 
132.76 

129.41 
131.86 
133.59 
137.24 

18.2 
18.9 
19.4 
20.4 

17.9 
19.0 
19.5 
21 .o 

18.9 
19.2 
19.4 
19.9 

18.9 
19.2 
19.5 
20.2 

17.7 
18.4 
19.0 
21.0 

17.7 
18.2 
18.2 
18.9 

17.5 
18.0 
18.4 
19.3 

17. 4 
17.9 
18.0 
18.4 

17.2 
17.7 
17.9 
18.5 

18.2 
18.4 
18.5 
19.0 

17.7 
le.5 
19.2 
20.4 

18.5 
19.3 
19.8 
20. A 

18.3 
19.5 
20.0 
21.5 

19.2 
19.6 
19.8 
20.3 

19.2 
19.6 
19.4 
20.5 

17.7 
18. 4 
19.0 
21.2 

18.2 
1A.7 
18.6 
19.3 

17.9 
19.5 
18.8 
19.7 

18.0 
18.2 
18. 3 
18.8 

17.6 
l A . O  
18.1 
18.8 

18.6 
18. R 
19.0 
19.4 

18.3 
19.1 
19.6 
20.9 

C.1532 122.34 115.38 
C.1501 124.95 112.79 
0.1496 126.34 112.30 
0.1495 128.98 111.95 

C.1891 124.51 142.12 
C.1907 127.A2 142.93 
C.1891 129.50 141.47 
C.1900 133.42 141.62 

0.0978 122.52 73.63 
0.0965 123.72 72.59 
0.0969 124.32 72.87 
0.0963 125.74 72.29 

0.1247 124.71 93.72 
0.1253 125.07 94-07 
C.1255 126.32 94.18 
0.1252 12A.02 93.84 

C.2235 12C.R8 168.55 
C.2198 123.11 165.42 
C.21R9 125.02 164.46 
C.2203 131.02 164.63 

C.1101 121.83 82.95 
0.1125 123.16 84.70 
C.1094 123.01 82.38 
0.1092 124.67 e2.10 

C.1410 121.93 106.28 
C.1406 123.27 105.84 
C.1408 124.29 105.89 
C.1409 126.81 105.72 

0.0773 119.36 58.41 
C.0907 120.14 60.93 
0.0780 120.79 58.84 
C.0803 121.75 60.54 

C.1384 121.73 104.33 
C.1382 123.11 104.06 
0.1369 123.50 102.98 
C. 136 3 125.70 102.42 

C.0678 119.96 51.21 
0.0685 120.78 51.66 
C.0695 121.30 52.42 
0.0695 122.23 52.38 

C.1741 119.83 131.48 
0.1749 122.52 131.69 
0.1755 124.38 131.95 
c.1758 12n.00 131.73 

23.3 14.6 
7.6 4.8 
5.2 3.3 
3.0 1.9 

23.3 14.6 
7.6 4.8 
5.2 3.3 
3.0 1.9 

23.3 14.6 
7.6 4.8 
5.2 3.3 
3.0 1.9 

23.3 14.6 
7.6 4.A 
5.2 3.3 
3.0 1.9 

23.3 14.6 
7.6 4.8 
5.2 3.3 
3.0 1.9 

23.3 14.6 
7.6 4.8 
5.2 3.3 
3.0 1.9 

23.3 14.6 
7.6 4.8 
5.2 3 .3  
3.0 1.9 

23.3 14.6 
7.6 4.8 
5. 2 3. 7 
3.0 1.9 

23.3 14.6 
7.6 4.R 
5.2 3.3 
3.0 1.9 

23.3 14.6 
7.6 4.8 
5.2 3.3 
1.0 1.9 

23. 3 14. 6 
7.6 4.8 
5.2 3.3 
3.0 1.9 

A2617. 110.77 111.43 
26868. 109.87 111.73 
18387. 109.44 112.21 
10678. 109.29 113.68 

76277. 1C2.59 103.38 
24942. 102.07 104.38 
17161. 102.10 105.40 

9977, 101.94 107.34 

92491. 123.29 123.73 
30065. 122-51 123.71 
Icsrii i i i i9i  i i3 .64  
1182A. 12 1.33 124. 10 

88967. 11P.62 119.17 
28860. 117.52 119.05 
19659. 116.72 118.89 
11717. 115.77 119.36 

67414. 91.13 92.08 
21984. SC.21 92.96 
15125. 90.17 93.97 
8916. 90.76 97.18 

88563. 118.14 118.64 
28766. 117.22 114.64 
19552. 116.26 118.17 
11281. 115.61 119.R4 

83343. 111.68 112.30 
27048. 110.60 112.35 
18457. lC9.97 112.44 
10682. 109.50 113.55 

91375. 121.85 122.23 
29636. 120.93 121.94 
20217. 120.37 121.82 
11645. 119.68 122.15 

83240. 111.56 112.16 
26847. 109.86 111.58 
18267. 1C8.97 111.36 
10532. 1C8.14 112.06 

93822. 125.07 125.41 
30488. 114.35 125.21 
20810. 123.85 125.12 
12014. 123.56 125.57 

77548. 104.33 105.09 
25270. 103.55 105.69 
17311. 103.19 106.28 
10058. 102.85 107.98 

0.61 
1.86 
2.72 
4.46 

0.73 
2.29 
3.30 
5.42 

0.38 
1.17 
1.70 
2.78 

0.49 
1.50 
2.17 
3.65 

0.88 
2.62 
3.78 
6.42 

0.44 
1.39 
1.93 
3.23 

0 .56  
1.71 
2.44 
4.06 

0.33 
0.97 
1.43 - 
2.44 

0.54 
1.68 
2.40 
3.93 

0.28 
0. 85  
1.24 
2.01 

0.70 
2. 14 
3.05 
5.11 

19.21 
21.86 
23.14 
25.34 

26.66 
29. 82  
30.97 
34. 22 

8.76 
10.30 
11.2 1 
12.83 

13.35 
15.24 
16.33 
18.53 

36. OF 
38.29 
39.70 
43.97 

10.97 
12.94 
13.36 
15.25 

16.34 
18.57 
19.76 
22.14 

6.54 
7.85 
8.53 

10.02 

15.36 
17.85 
18.83 
20.95 

5.16 
6.35 
7. 13  
8. 19 

24.69 
27.24 
28.A6 
31.R2 

7163. 
6981. 
6938. 
6890. 

8431. 
8441. 
R73 1. 
9692. 

4560. 
4488. 
4502. 
4457. 

5804. 
5815. 
5818. 
5781. 

10500. 
10276. 
10190. 
10117. 

5156. 
5254. 
5113. 
5082. 

6615. 
6573. 
6 568. 
6534. 

3634. 
3 788. 
3656. 
3755. 

6503. 
6475. 
6404. 
6357. 

3179. 
3204. 
3249. 
3241. 

8 173. 
8159. 
8156. 
8 102. 

7056. -1.5 
6999. 0.3 
7018. 1.2 
6633. -3.7 

8493. -3.4 
8654. -2. 1 
8533. -2.3 
8071. -7.1 

4439. -2.6 
4385. -2.3 
4367. -3.0 
4134. -7.2 

5717. -1.5 
5662. -2.6 
5588. -3.9 
5427. -6.1 

10177. -3.1 
5921. -3.5 
9780. -4.0 
4588. -5.2 

5128. -0.6 
5247. - C . 1  
4969. -2.8 
4797. -5.6 

6502. -1.7 
6438. -2.1 
6289. -4.3 
6042. -7.5 

3770. 3.7 
3667. -3.2 
3685. 0.8 
3616. -3.7 

6271. -3.6 
6344. -2. 0 
6193. -3.3 
5839. -8.1 

3263. 2.6 
3185. -0.6 
3186. -1.9 
2985. -7.9 

8143. -0.4 
8086. -0.9 
7869. -3.5 
7614. -6.0 

334. 
286. 
268. 
i4?. 

196. 
265. 
252. 
i 1 7 .  

465. 
390. 
359. 
311. 

389. 
340. 
?19. 
279. 

260. 
2 4 c .  
23c. 
206. 

420. 
362. 
342. 
299. 

36 2. 
317. 
297. 
264. 

497. 
432. 
38 3. 
335. 

379. 
324. 
304. 
271. 

551. 
45 1. 
407. 
554. 

296. 
268. 
223. 
r k e .  
..L 



Table C-21 (continued) 

- 
Run No. TV * P, Psats F,. TC i,. Fw. '* Re Tw,in* Tw,out* ATw' Qc* Qw* L ? q x  100 "0 ,  * OF psia psia gpm O F  lb,,,/hr gpm ft /sec O F  O F  "F OF Btu/hr Btu/hr Q 

R- 1 13- 0 45D 
R-ll3-046D 
R-113-047D 
R-113-048D 

R-113-049D 
R-113-050D 
R-113-051D 
R-113-0521) 

R - l l 3 0 5 3 D  
R-113-0541) 
R-113- 055D 
8-113-056D 

R-113-057D 
R-  113- 05 8D 
E-113-059D 
R - 1 13- 0 60D 

E-113-061D 
8-113-0621) 
R-113-063D 

126.75  
130.67 
132 .67  
137 .42  

130.01 
131.99 
1 3 3 . 5 7  
136 .80  

126 .12  
129 .11  
131 .13  
i 3 5 . 6 e  

130 .35  
131 .18  
131 .90  
133.46 

1 2 8 . 0 5  
129 .70  
131 .29  

17.2 
18.5 
18.9 
20 .7  

18.0 
18 .7  
19.2 
20 .2  

17 .0  
17.9 
18 .4  
20 .0  

18.0 
18. 4 
18.5  
19.0 

17.4 
18.0 
18.4 

17.4 
18.7 
19.3 
21.0 

18.4 
19.1 
19.6 
20 .8  

17.2 
18.2 
18.8 
20.4 

18.6 
18.8 
19.1 
19.6 

17.8 
18.3 
18.9 
20.1 

0 .2095 120.81 158.05 
C.2118 124.72  159.22 
C.2125 126.90  159.41 
0 .2116 131.23  158 .04  

C.1210 121.04  91.29 
C.1244 123.29 93 .63  
0 . 1 2 4 5  125.03  93.58 
C.1252 127.79 93 .86  

0.1371 119.7B 148.83  
0 .1979 122.48 149.03 
0 .1972 124.58 148.22 
C.1990 128.98  148.99 

C.0986 121.06  fi6.82 
0 .0880 121.9R 66 .29  
0.0890 122.44  67.06 
0 .0871 123.79 65 .54  

0.1651 1 2 2 . 6 7  124 .35  
C. 1639 124.05  123.25 
(2.1647 125.37  123.68 
C.1650 128.70 123 .57  

2 3 . 3  
7 . 6  
5 . 2  
3 . 0  

2 3 . 3  
7 . 6  
5 .2  
3 . 0  

23. 3 
7 . 6  
5 . 2  
3.0 

23. 3 
7 . 6  
5 . 2  
3.0 

23. 3 
7 . 5  
5 . 2  
3.0 

1 4 . 6  
4. A 
3 .3  
1 . 9  

1 4 . 6  
4 .8  
3 .3  
1.9 

14 .6  
4 .8  
3 .3  
1.9 

14. 6 
4. 8 
3 . 3  
1 .9  

14. 6 
4.7 
3 .3 
1.9 

69434.  93.77 94 .65  
22735. 93.25 9 5 . 8 5  
15600. 92.94 96 .68  

9118.  93.07 99 .18  

R7576. 116.91 117.44 
28447. 115.97 117.48 
19547.  116.07 118.30 
11362.  116.14 119 .86  

71046.  95.99 96.84 
23175. 95.23 97 .61  
15911. 94.95 98 .51  

9291.  94.94 100 .72  

91765.  122.37 122.80 
29906.  122.43 122 .53  
20364.  121.15 122.71 
11760. 120.77 123 .31  

79007.  106.15 106 .88  
25269. 104.88 106.91 
17552. 104.63 107 .51  
10171. 104.09 108 .91  _ _  R-113-064D 134.77  19.5 - . __ - __ - ~~~ .... . . . . 

0.84  32 .53  
2.60 36.11 
3.71 37.86 
6 . 1 2  41 .29  

0 .49  12 .83  
1.51 15.27 
2 . 2 0  16.38 
3.69 18-80 

0.79 29 .70  
2.41 32.69 
3.51 34.39 
5 .84  37.85 

0 .36  7.76 
1-10  8 .70  
1.55 9 . 9 7  
2.56 11.42 

0.66 21 .53  
2.01 23 .81  
2.87 25.22 
4.81 28 .27  

9858.  
9880.  
9866.  
9719.  

5670.  
5800.  
5784.  
5777.  

9 290. 
9267.  
9192.  
9 184. 

4148.  
4110.  
4155. 
4052.  

7743.  
7658.  
7669.  
7626.  

5702. - 1 . 6  
983R. -0.4 
9603. -2.7 
9133. - 6 . 0  

5613. - 1 . 0  
5681. -2 .1  
5678.  -1 .8  
5493. -4 .9  

9141. -1 .6  
9108. -1 .7  
9081. - 1 . 2  
8713. -5 .1  

4185. C.9 
4129. 0.5 
3991. -3 .9  
3802. -6 .2  

7635.  -1 .4  
7492.  - 2 . 2  
7414.  - 3 . 3  
7165.  -6 .0  

271. 
245. 
233. 
211.  

395. 
340.  
316. 
275. 

280. 
254. 
239 .  
211.  

47e .  
423.  
373. 
317.  

322. 

272.  
24 1. 

288.  G 

6" .1 4 A c 



Table C-22. Experimental data for R-113 condensing on tube E 

- 
P, Psat* F,, T,, i C s  Fws "*  Re Tw,ins 'w,out* "wS QC Q x 100 " 0 -  

Btu- O F  O F  O F  Btu/hr Btu/hr Q 
Run No. l" * 

OF psia psia gpm O F  lb$hr gpm ft/sec O F  

hr.ft2-'F 

R- 1 13-00 1 8 
E-113-0021 
E- 113-00315 
8- 1 13- 004 8 

1-113-OOSI! 
E- 113- 0061 
E-113-0078 
8-113-0083 

E-1 13-0098 
8-  1 13- 0 101 
8-1 13-0111 
8-113-0121 

E- 113-0131! 
E-113-014B 
8-113-0153 
E-113-0161 

R- 113- 0 178 
8-113-01815 
R-113-0191 
R- 1 13- 0201 

8-1 13-02 1B 
8-1 13-0221 
8-1 13-02314 
8- 113-0241 

E-1 13-0251 
8-113-0268 
R-113-027P 
E-1 13-0281 

B-113-0298 
E-113-030I! 
E-1 13- 0311 
E-113-0321 

8-113-0331! 
8-113-0343 
B-113-0351 
8-1 13-0361 

E-113-0371 

R-1 13-039E 
8-113-04OB 

8- 11E041E 
8-113-0421 
1-113-01311 
R-113-044B 

n-ii~03e1 

130.82 
133.04 
134.40 
137.36 

128.67 
130.36 
131.37 
133.74 

128.00 
129.31 
129.94 
131.21 

127.51 
129.90 
131 -06 
134.84 

126.46 
129.70 
132.44 
137.59 

129.92 
131.86 
133.24 
136.43 

129.15 
132.83 
135.70 
141.23 

130.40 
132.46 
133.76 
135.97 

130.52 
131.12 
131 -68 
133.27 

127.72 

133.25 
138.51 

127.17 

134.72 
140.74 

130.73 

131 e70 

18.2 
18.9 
19.4 
20.2 

17.4 
17.9 
18.2 
19.4 

17.2 
17.7 
17.9 
18.2 

17.2 
17.9 
18.4 
19.5 

16.9 
17.9 
18.9 
20.5 

17.9 
18.7 
19.2 
20.2 

17.9 
18.9 
20.0 
21.9 

18.2 
18.7 
19.2 
20.0 

18.2 
18.5 
18.7 
19.0 

17.4 
18.4 
19.2 
20.9 

17.4 
18.7 
19.t 
21.7 

18.7 0-1566 123.08 117.85 
19.5 0.1567 125.31 117.72 
19.9 0.1566 126.55 117.50 
21.0 0.1549 129.47 115.90 

18.0 0.1206 121.46 90.94 
18.6 0.1230 123.39 92.58 
18.9 0.1231 124.36 92.59 
19.7 0.1231 126.61 92.34 

17.8 0.0960 120.11 72.43 

18.4 0.0968 121.57 72.94 
18.2 0.0974 121.38 73.42 

18.8 0.0981 122.61 73.87 

17.6 
18.4 
18.6 
20.1 

17.3 
18.3 
19.3 
21.1 

0.1877 120.23 
0.1893 122.69 
0.1878 123.88 
0.1880 127.65 

0.2247 120.59 
0.2244 123.59 
0.2238 126.48 
0.2239 131.31 

141.64 
142.52 
141.27 
140.94 

169.52 
168.83 
167.95 
167.22 

l8.b 0.1412 120.91 106.47 
19.1 C.1005 122.72 105.82 
19.5 C.1409 124.05 105.97 
20.6 c.1450 127.37 108.70 

18.2 0.2512 121.73 189.34 
19.4 0.2532 125.45 190.18 
20.4 0.2560 128.30 191.79 
22.4 0.2559 134.01 190.63 

18.6 0.1083 120.68 81.72 

19.7 0.1087 124.11 81.72 
19.3 0.1077 122.81 81.08 

20.5 0.1092 126.35 81.94 

18.6 0.0837 120.15 63.15 
18.8 C.0849 121.00 64.07 
19.0 C.0849 121.W 64.04 
19.5 0.0843 122.82 63.48 

17.7 0.2034 121.81 153.31 
18.7 0.2044 124.70 153.62 
19.5 0.2075 127.13 155.63 
21.4 0.2062 132.12 153.93 

17.5 C.2753 122.56 207.33 
19.0 C.2751 126.80 206.39 
20.0 0,2759 129.90 206.33 
22.2 C.2794 13L84 207.83 

23.3 
7.6 
5.2 
3.0 

23.3 
7.6 
5.2 
3.0 

23.3 

5.2 
3.0 

23.3 
7.6 
5.2 
3.0 

7.6 

23.0 
7.6 
5.1 
3.0 

23.0 
7.6 
5.1 
3.0 

23.0 
7.6 
5.2 
3.0 

23.0 
7.6 
5.2 
3.0 

23.0 
7.6 
5.2 
3.0 

23.0 
7.6 
5.2 
3.0 

23.0 
7.5 
5.2 
3.0 

18.8 
6. 1 
4. 2 
2.4 

18.8 
6. 1 
4. 2 
2.4 

18.8 
6. 1 
4.2 
2.4 

18.8 
6. 1 
4.2 
2.4 

18.5 
6. 1 
4.1 
2. 4 

18.5 
6.1 
4.1 
2. 4 

18.5 
6.1 
4. 2 
2. 4 

18.5 
6.1 
4.2 
2.4 

18.5 
6.1 
4. 2 
2.4 

18.5 
6. 1 
4. 2 
2. 4 

18.5 
6.0 
4.2 
2.4 

94856. 119.57 120.25 
30792. 118.40 120.35 
21036. 117.84 120.57 
12127. 116.89 121.36 

95953. 120.93 121.48 
31110. 119.76 121.29 
21234. 119.16 121.34 
12221. 118.22 121.74 

97006. 122.24 122.69 
31505. 121.35 122.58 
21478. 120.67 122.42 
12311. 119.40 122.21 

88749. 112.22 113.04 
28667. 110. 48 112.79 
19469. 109.24 112.52 
11199. 107.83 113.35 

81167. 104.42 105.39 

18003. 102.94 106.93 
10692. 102.57 109.14 

26767. 103.36 106.07 

93852. 119.85 120.50 
30888. 118.86 120.58 
20677. 118.19 120171 
12158. 117.28 121.52 

77478. 99.83 100.90 
25452. 98-28 101.36 
17431. 97.69 102.12 
10205- 97.59 104.97 

96945. 123.68 124.17 
32086. 123-07 124.77 
11965. i iX 23 i i s ;  12 
12683. 122.74 125.83 

98507. 
32322. 
22044. 
12709. 

85606. 
28098. 
1918 1. 
11122. 

71062. 
2328 1. 

9434. 
16268. 

125.67 126.08 
124.49 125.52 
123.87 125.36 
123.30 125.76 

109.85 110.73 
108.21 110.70 
107.42 111.04 
106.71 112.76 

91.83 92.98 
91.12 94.52 
91.11 95.91 
89.97 97.96 

0.63 10.91 

2.72 15.20 
4.44 18.23 

1.91 13.67 

0.49 7.46 
1.49 9.84 
2.15 11.12 
3.54 13.76 

0.40 5.53 
1.19 7.34 
1.72 8.39 
2.83 10.41 

0.75 14.88 
2.26 18.26 
3.24 20. 18 
5.54 24.25 

0.91 21.55 
2.70 24.98 
3.99 27.50 
6.56 31.74 

0.57 9.75 
1.69 12.13 
2.50 13.79 
4.20 17.03 

1.02 28.78 
3.06 33.01 
4.51 35.79 
7.43 39.95 

0.43 6.47 
1.28 8-34 
1.88 9.58 
3.09 11.68 

0.35 4.64 
1.02 6.11 
1.47 7.07 
2.44 8.74 

0.82 17.43 
2.47 21.28 

6.00 28.77 
3.64 24.02 

1.10 34.76 
3.41 38.88 

8-01 46.78 
4.85 41.21 

7311. 
7282. 
7255. 
7128. 

5658. 
5747. 
5740. 
5706. 

4510. 
4564. 
4531. 
4580. 

8826. 
8853. 
8762. 
8698. 

10578. 
10490. 
10 397. 
10281. 

6613. 
6556. 
6554. 
6694. 

11773. 
11768. 
11822. 
11662. 

5073. 
5020. 
5050. 
5049. 

3920. 
3973. 
3969. 
3925. 

9550. 
9532. 
9624. 
9452. 

12925. 
12790. 
12735. 
12722. 

7218. -1.3 
7191. -1.3 
7007. -3.4 
6587. -7.6 

5673. 0.3 
5600. -2.5 
5540. -3.5 
5258. -7.9 

4577. 1.5 
4475. -1.9 
4423. -2.4 
4197. - 8 . 4  

8673. -1.7 
8532. -3.6 
8356. -4.6 
8233. -5.3 

10368. -2.0 
10195. -2.8 
10107. -2.8 
9775. -4.9 

6522. -1.4 

6304. -3.8 
6243. -6.7 

11677. -0.8 
11583. -1.6 
11662. -1.4 
11085. -4.9 

4951. -2.4 
4803. -4.3 
4835. -4.3 
4595. -9.0 

3972. 1.3 
3825. -3.7 
3783. -4.7 
3630. -7.5 

9325. -2.4 
9331. -2.1 
9392. -2.4 
8936. -5.5 

12658. -2.1 
12749. -0.3 
12556. -1.4 
11974. -5.9 

6345. -3.2 

4lf. 
332. 
297. 
244. 

472. 
?64. 
322. 
258. 

50e.  
387. 
336. 
274. 

370. 
302. 
271. 
222. 

306. 
262. 
23t. 
202. 

423. 
337. 
29C. 
245. 

255. 
222. 
206. 
182. 

400. 
375. 
3 29. 
269. 

526. 
4c5. 
350. 
280. 

241. 
279. 
256. 
205. 

232. 
205. 
193. 
169. 



Table C-22 (continued) 

- 
Run No. T V *  P. Psat*  Fcs Tc 9 iCs Fws Re L A " '  Tw,out' ATW' AT* QC. Q W S  x 100 "0.  

OF ps ia  ps ia  gpm OF lb,,,/hr gpm f t /sec  "F "F OF "F Btu/hr Btu/hr Q Btu 
hr. f t2 .0F 

R-113-045E 
R - 1 13- 0 46 1 
R-113-0418 
R-113-0481 

8-113-0491 
R-113-0501 
8-1 13-051 1 
B- 113- 0 5 2 t  

8-  1 13- 0 5 31 
R- 11 3- 0 541: 
8-113-055E 
8-113-056E 

R- 113- 0 57E 
R-113-0561 
R-113-0591 
R-113-0601 

128.93 
132.17 
134.06 
138.50 

128.59 
133.19 
136.06 
142.17 

128.81 
130.57 
131.76 
134.13 

126.11 
129.26 
131.37 
137.26 
--. . -_ - - 

17.7 
18.7 
19.5 
20.9 

17.5 
19.0 
20.2 
22.4 

17.7 
18.2 
18.7 
19.4 

16.9 
17.9 
18.5 
20.5 

18.1 0.1703 121.9.3 128.35 
19.2 0.1731 125.25 130.02 
19.8 C.1707 127.39 127.95 
21.4 0.1743 131.54 130.16 

18.0 
19.5 
20.5 
22.8 

18.1 
18.6 
19.0 
19.8 

0.2965 123.21 223.20 
C.2974 127.95 222.83 
0.2996 130.92 223.87 
'2.3027 137.17 224.87 

C.1361 122.10 102.53 
C.1370 123.80 103.04 
0.1382 124.85 103.85 
C.1371 127.14 102.84 

17.2 0.2347 121.84 176.85 
lR.2 0.2354 124.48 176.95 
18.9 0.2347 126.49 176.13 
20.9 C.2365 132.28 176.52 

23.0 
7.6 
5.1 
2.9 

23.0 
7.5 
5.2 
3.0 

23.0 
7.6 
5.2 
3.0 

23.0 
7.5 
5.2 
3.0 

18.5 
6. 1 
4. 1 
2.3 

18.5 
6.0 
4. 2 
2.4 

18.5 
6. 1 
4.2 
2.4 

18.5 
6.0 
4.2 
2.4 

90880. 116.10 116.84 0.68 
30015. 115.36 117.48 2.09 
20137. 114.84 117.95 3.14 
11475. 113.95 119.29 5.31 

67330. 87.11 88.37 1.20 
22152. 86.67 90.34 3.64 
15271. 85.41 90.62 5.18 
8895. 84.47 93.20 8.65 

93771. 119.77 120.38 0.55 
30787. 118.53 120.18 1.64 
21001. 117.61 120.08 2.44 
12066. 116.41 120.37 3.95 

79046. 101.73 102.74 0.95 
25610. 100.20 103.06 2.86 
17743. 99.49 103.64 4.08 
10339. 99.10 105.89 6.R1 

12.46 
15.75 
17.67 
21.88 

40.85 
44.69 
48.04 
53.34 

8.74 
11.21 
12.92 
15.73 

23.88 
27.63 
29. 80  
34.76 

7983. 
8052. 
7904. 
7992. 

13888. 
13781. 
13792. 
13738. 

6378. 
6395. 
6435. 
6352. 

11040. 
11001. 
10919. 
10857. 

7775. -2.6 
7881. -2 .1  
7942. 0.5 
7635. -4.5 

13804. -0.6 
13597. -1.3 
13408. -2.8 
12920. -6.0 

6271. -1.7 
6187. -3.3 
6279. -2.4 
5874. -7.5 

1CRS4. -1.7 
10685. -2.9 
10550. -3.4 
10157. -6.4 ._ 

399. 
318. 
279. 
228. 

i l i .  
192. 
179. 
160. 

455 .  
355. 
310. 
2 5 2 .  

2ee. 
248. 
228. 
195. - --I 

4 4 



T a b l e  C-23. E x p e r i m e n t a l  d a t a  for R-113 c o n d e n s i n g  on t u b e  F 

- 
Run NO. T” P, Psat* Fcs Tc. i C s  F,, ”* Re Tw,in’ T w , y t ’  A T ~ s  AT*  Qc* Qw* g ,oo “ 0 ,  

O F  p s i a  p s i a  gpm O F  lb,,,/hr gpm ft/sec O F  F O F  O F  B t u / h r  B t u / h r  Q Btu 
h r .  f t2 - O F  

R-113-005F 
R - 1 13- 00 6 P 
I?-ll3-007€ 
8- 113- 008P 

R-113-009P 
8- 11 3- 0 1 OF 
R-113-011F 
A -  11 3-01 2F 

R-113-0131 
R- 113-0 1 4F 
R- 1 13- 0 15P 
R-ll3-016F 

R-ll3-017P 

R- 113- 0199 
R-113-020P 

R-113-02 1 F 

R - I  1 3 - 0 1 e ~  

127.54 
129.24 
130.85 
134.07 

130.89 
131.86 
132.46 
134.02 

131.54 
132.59 
133.14 
134.57 

128.50 
129.32 
129.10 
130.45 

131.07 
133.01 
134.61 
136.87 

17.2 
17.9 
18.6 
19.4 

18.4 
18.5 
18.9 
19.4 

18.7 
19.0 
19.2 
19.7 

17.5 
17.9 
17.9 
18.2 

18.4 
19.0 
19.5 
20.4 

113-02CF 130.46 q8.4 
R- 113- 0 2 f F  131.72 
R-113-027P 
R - 1  13-02PF 

R-113-029€ 
R-113-030F 
R-113-031P 
R -  113- 0 32F 

R - 1 1 3- 0 3 3P 
61-113-03UF 
R-113-035P 
R-113-036€ 

R - 1 13- 037 € 
A-113-0361 
R-113-039F 
R - 1 13- OUOP 

8- 1 13-04 1€ 
R - 1  13-042€ 
R-113-043P 
R-113-04UF 

A-113-045F 
R-113-046P 
R-l13-047? 
R-113-008P 

132.31 
133.91 

130.99 
132.00 
132.75 
134.33 

129.13 
130.53 
131.43 
133.04 

130.11 
133.48 
136.10 
140.93 

130.64 
131.06 
131.26 
132.10 

131.89 
132.23 
132.31 
132.95 

18.7 
18.9 
19.4 

18.5 
18.9 
19.0 
19.7 

17.7 
18.2 
18.5 
19.0 

18.0 
19.0 
20.0 
21.7 

18.0 
18.2 
18.4 
18.5 

18.5 
18.7 
18.7 
18.9 

17.7 
18.2 
18.7 
19.8 

18.7 
19.1 
19.3 
19.8 

19.0 
191 3 
19.5 
20.0 

18.0 
18.2 
18.2 
18.6 

18.8 
19.4 
20.0 
20.8 

18.6 
19.0 
19.2 
19.8 

18.8 
19.1 
19. 4 
19.9 

18.2 
18.6 
18.9 
19.5 

18.5 
19.6 
20.5 
22.3 

18.7 
18.8 
18.9 
19.1 

19.1 
19.2 
19.2 
19. 4 

0.1511 121.36 113.91 23.5 17.1 
C.1500 122.98 112.96 7.6 5.5 
C.1506 124.43 113.24 5.2 3.8 
C.1514 127.63 113.49 2.9 2. 1 

C.0855 119.92 64.52 23.5 17. 1 
0.0884 120.98 66.67 7.6 5.5 
0.0875 121.64 65.98 5 .2  3.8 
0.0861 123.03 60.80 3.0 2# 2 

0.0792 120.22 59.80 23.5 17.1 
0.0790 121.54 59.56 7.6 5.5 
C.0794 121.91 59.86 5.2 3.8 
C.0801 1 2 5 4 0  60.25 3.0 2.2 

0.1097 120.55 e2.76 23.5 17.1 

0.1094 121.69 e2.w 5.2 3.8 
C.1109 121.63 83.59 7.6 5.5 

C.1090 122.40 82.11 3.0 2.2 

0.1254 123.72 94.32 23.5 17.1 
0.1249 125.39 93.82 7.6 5.5 
0.1257 127.01 94.24 5.2 3.8 
0.1265 129.30 94.6U 3.0 2.2 

C.0987 1 2 L 9 3  74.39 23.5 17.1 
C.0987 123 19 5. 5 
0.0987 123:62 i:! 3.7 
C.0993 125.21 74. Y.0 2.2 

C.0691 120.53 52.11 23.3 I 17.0 
0.0686 121.31 51.75 7.5 5.5 
0.0695 121.93 52.37 5.1 3.7 
C.0701 123.41 52.75 3.0 2.2 

C.1360 119.50 102.72 23.5 17. 1 
0.1369 120.98 103.23 7.6 5.5 
C.1391 127.96 1C4.79 5.2 3.8 
C.1401 123.81 105.36 3.0 2.2 

C.1800 121.77 135.97 23.5 17. 1 
C.178@ 125.02 134.32 7.5 5.5 

C.1814 132.65 135.30 3.0 2.2 

C.0591 119.62 44.66 23.5 17.1 
C.0600 119.93 45.28 7.6 5.5 
C.0602 120.28 45.42 5.2 3.8 
C.0604 121.15 45.54 3.0 2.2 

C.0508 119.47 38.39 23.5 17.1 
C.0515 120.06 38.86 7.6 5.5 

C.1801 127.50 135.00 5.2 3.8 

~ .__ _. ... - - - -  - 
0.0513 120.28 38.69 5.2 3.8 
0.0513 120.76 38.67 3.0 2.2 

77424. 99.98 100.64 
24900. 98.85 100.74 
17043. 98-47 101.19 

9504. 97.45 102.19 

95506. 121.97 122.39 
30708. 120.95 122.07 
20967. 120.48 122.06 
12083. 115.88 122.42 

97181. 124.05 124.42 
31311. 123.28 124.29 
21399. 122.94 124.36 
12311. 122.12 124.51 

89371. 114.46 114.97 
28535. 112.70 114.06 
19308. 111.25 113.23 
11045. 189.78 112.98 

87284. 111.99 112.55 
28278. 111.68 113.22 
19411. 111.66 113.90 
11160. 11C.61 114.25 

93610. 119.67 120.12 
30124. 118.72 119.97 
20170. 118.02 119.82 
11815. 117.02 119.89 

97199. 125.13 125.47 
31240. l i4.08 125.55 
21239. 124.47 125.71 
12505. 124.17 126.23 

81549. 105.07 105.68 
26103. 103.53 105.24 
t7681. 102.01 104.54 
10021. 9’3.53 103.67 

71524. 92.61 93.37 
23274. 93.60 95.82 
16319. 94.17 97.27 

9536. 94.39 99.66 

98692. 125.98 126.28 
31747. 125.10 125.83 
21645. 124.50 125.56 
12434. 123.62 125.39 

100407. 128.21 128.48 
32326. 127.42 128.08 
22048. 126.88 127.80 
12680. 126.21 127.67 

0.60 
1.85 
2.69 
4.65 

0.35 
1.08 
1.57 
2.56 

0.32 
0.98 
1.41 
2.36 

0.43 
1.35 
1.95 
3.24 

0.50 
1.53 
2.24 
3.67 

0. YO 
1.21 
1.77 
2.90 

0.24 
0.85 
1.25 
2.09 

0.55 
1.70 
2.48 
4.21 

0.72 
2. ?O 
3.13 
5.29 

0.25 
0.73 
1.06 
1.76 

0.21 
0.63 
0.90 
1.46 

27.23 
29.4U 
31.02 
34.25 

8.71 
10.35 
11.19 
12.87 

7.31 
8. 80 
9.49 

11.26 

13.78 
15.9 4 
16.86 
19.07 

18.80 
20.56 
21.83 
24. 43  

10. S6 
12.77 
13. 38 
15.45 

5.69 
6.89 
7.66 
9. 13  

23.75 
26.14 
28.15 
31.44 

37.12 
38.76 
40.37 
43.9c 

4.51 
5.60 
6.23 
7.60 

3.55 
4. 40 
4. 96 
6.00 

7098. 
7023. 
7025. 
7011. 

4003. 
4131. 
4085. 
4003. 

3706. 
3686. 
3703. 
3719. 

5150. 
5 195. 
5129. 
5057. 

5850. 
5804. 
5817. 
5824. 

4617. 
4604. 
4599. 
4609. 

3232. 
3206. 
3241. 
3257. 

6387. 
6407. 
6496. 
6518. 

8043. 
8304. 
8 3  16. 
8280. 

2771. 
2808. 
2817. 
2821. 

2378. 
2 406. 
2395. 
2392. 

7035. -0.9 
6984. -0.6 
6966. -0.n 
6707. -4.3 

4128. 3.1 
4081. -1.2 
4050. -0.8 
3HOR. -4.9 

3768. 1.7 
3682. -0.1 
3631. -1.9 
3508. -5.7 

5044. -2.1 
5097. -1.9 
5039. - l . A  
4812. -5.6 

5824. -0.4 
5763. -0.7 
5781. -0.6 
5465. -6.2 

4605. -C.7 
4551. -1.2 
446 
43  1 

3263. 0.9 
3170. -1.1 
3147. -2.9 
3098. -4.9 

6428, 0.6 
6418. 0.2 
6402. - l . U  
6286. -3.5 

8462. 0.2 
8214. -1.1 
8101. -2.6 
7886. -4.8 

2872. 3.6 
2734. -2.6 
2730. -3.1 
2617. -7.2 

2500. 5.1 
2373. -1 .4  
2324. -3.0 
2164. -9.5 

25 1. 
230. 
i16 .  
197. 

443. 
384. 
35 i .  
300. 

489. 
404. 
376. 
318. 

360. 
314. 
293. 
257. 

3cc.  
i 7 i .  
257. 
230. 

421. 
359. 
331. 
i87 .  

547. 
449. 
407. 
344. 

259. 
230. 
222. 
2cc.  

219. 
206. 

182. 

59 2. 
483. 
439. 
358. 

645. 
9 1 P .  
465. 
384. 

iqe .  



Table C-23 (continued) 

- 
Run No. T" * p, Ps,t' F,. Tc * ic, F,. " *  Re Tw,ins Tw,outB  AT^* ATs QC, Qw, 100 "0 ,  * O F  Btu/hr Btu/hr Q O F  p s i a  p s i a  gpm O F  lb,,,/hr gpm ft/sec O F  O F  O F  

R- 113- 0 49P 
8- 11 3- 0 5 0  P 
R- 113- 0 5 IF 
~ - 1 i 3 - 0 5 2 r  

~ - 1 1 3 - 0 5 3 r  
E- 113- 0 5 4  P 
R - 1 13- 0 5 9  
R-113-056P 

1 2 5 . 6 6  
127 .37  
128 .68  
132.29 

130 - 7 2  
133 .59  
135 .94  
140 .05  

16 .7  
17.2 
17.7 
18.7 

18.4 
19.2 
20 .0  
21 .4  

17.1 
17. 6 
18.0 
19 .2  

18.7 
19.6 
20 .5  
22.0 

0.1667 121.33  125.69 
0 .1669 122.77 125.64 
(2.1671 123.92 125.66 
0 .1683 127. 19 126.19 

C.1981 126.89  148 .63  
0.1981 129.05 148.27 
C.1986 131.45  148.30 
C.1987 135.27 141.86 

2.1.5 17. 1 72226.  
7 . 6  5 . 5  23064.  
5 . 2  3.8 15695.  
3 .0  2 . 2  9090.  

2 3 . 5  17. 1 69810.  
7 . 6  5 .5  22618.  
5 . 2  3.8 15517. 
3 .0  2. 2 9046.  

93.49 
91.69 
90.76 
90.18 

90. 44 
89.81 
e9.56 
89.30 

9 4 . 2 3  
93.78 
93 .75  
95 .01  

91 .29  
92 .24  
92 .96  
95.08 

0.66 
2.03 
2.93 
4 .82  

0 .77  
2 .36  
3 .44  
5.68 

31.80 
34.63 
36 .42  
39 .70  

39.86 
42.57 
44 .68  
47 .87  

7851.  
7830.  
7818.  
7 8 1 4 .  

9222.  
9165.  
9138.  
9060.  

7772. -1 .0  
7695.  -1 .7  
7594. -2 .9  
7205. -7 .8  

9071. -1 .6  
8948. -2 .4  
8899. -2 .6  
8490. -6. 3 

238. 

207. 
190. 

223. 
2C7. 
197. 
18 2. 

2 i e .  

R-113-057P 131.00  18.4 18.8 C.1021 122.2C 76 .95  2 3 . 5  17 .1  93611.  119.67 120 .13  0 . 9 0  11 .10  4773. 4652. - 2 . 5  414.  
8-113-058P 132.50  18.7 19.3 C.1034 123.85  17 .77  7 . 6  5 . 5  30127. 118.73 119.99 1 . 2 3  13 .14  4814. 4645.  - 3 . 5  2 5 2 .  
E-113-059? 132.67  18 .9  19.3 C.1036 124.30 7 7 . 9 0  5 . 2  3.9 20467. 117.50 119.29 1.80 14.28 4821.  4637. - 3 . R  325. 
8-113-0603 134.07  19.4 19.8 0 .1033 125.54 77 .62  3 .0  2 . 2  11740. 116.28 119.24 2.97 16.31 4795. 4421. -7.A 283. 

-1-.- ---- --- ___-______ - - - . - - 

Y 4 * ..' c 



41 $2 c b ? c 
Table c 3 4 .  Experimental data f o r  R-113 condensing on tube F1 

- 
Run No. T" * P, P s a t s  Fc, T,, i C s  Fws "* Re Tw,inD Tw,outs A T ~ s  9,s Qw, u,* 

O F  psla psla gpm OF lb,,,/hr gpm ft/sec OF O F  O F  O F  Btu/hr Btu/hr Q B t u  
h r - f  t2 .OF 

8-113-Oolrl i2ii .w 
8-113-00211 126.47 
R-113-00311 127.79 
R-l13-OOO? 1 131.24 

8-113-005Pl 127.42 

8-113-007?1 129.43 
8-113-60811 131 -04 

~-113-006r1  128.47 

8-11%009?1 I27.72 
8-113-01011 128.78 
8-1 13-01 111 129.35 
8-114-01211 131.20 

R-113-0 13?1 126.32 
8-113-01411 125.92 
R- I 13-0 1 sr i 126.29 
8-113-01631 127.53 

8-113-017?1 121 -8.0 
R-113-01811 123.18 
8- 1 13-01911 125.46 
8-l13-020?1 129.90 

8-113-021?1 124.61 
8-113-02211 125.85 
8-113-02311 126.90 
R-113-O24Fl 130.25 

E-113-025?1 120.96 
8-1 13-026?1 122.73 
E-1 13-0271 1 124.23 
8-113-62811 128.02 

8-1 13-02911 130.25 
8-113-03011 131 -24 
8-1 13-03 11 1 132.30 
8-1 13-0321 1 134.36 

8-113-033ri 120.92 
8-113-03411 123.96 
8-113-035F1 126.00 
8-113-036Fl 131.16 

R - l l E O 3 7 l l  127.79 
R-113-03811 127.50 
8-1 13-039F1 127.76 
8-1 13-040?1 129.45 

11.0 
17.5 
17.9 
18.7 

17.7 
17.9 
18.2 
18.7 

17.9 
18.0 
18.2 
18.7 

17.2 
17.1 
17.0 
17.5 

16.2 
16.7 
17.2 
18.2 

16.7 
16.9 
17.2 
18.2 

16.2 
16.5 
16.7 
17.7 

18.7 
19.2 
19.2 
19.9 

16.4 
16.7 
17.2 
18.7 

17.5 
17.3 
17.7 
17.9 

16.7 
17.3 
17.7 
18.9 

17.6 
17.9 
18.3 
18.8 

17.7 
18.0 
18.2 
18.8 

17.3 

17.3 
17.7 

15.9 
16.5 
17.0 
18.4 

16.7 
17.1 
17.5 
18.5 

15.7 
16.2 
16.6 
17.8 

18.5 
18.9 
19.2 
19.9 

15.7 
16.5 
17.2 
18.8 

17.7 
17.6 
17.7 
18.3 

17.1 

0.1425 118.37 107.73 23.5 
0.1432 120.17 108.05 7.6 
0.1437 121.52 108.34 5.2 
0,1441 124.90 108.27 3.0 

0.0568 118.24 42.98 23.5 
0.0547 119.38 41.33 7.6 
0.0549 120.29 81.46 5.2 
0.0543 121.45 40.93 3.0 

0.0950 121.49 71.63 23.5 
0.0946 122.01 71-26 7 . 4  
Olo959 i 2 X o S  7 i i 5  5;2 
0.0954 124.56 71.71 3.0 

0.0748 117.43 56.59 23.5 
C.0741 117.79 56.09 7.6 
0,0739 117.87 55.91 5.2 
0.0737 118.51 55.74 3.0 

0.1774 117.49 134.25 23.0 
0.1787 119.47 134.99 7.6 
0.1791 121.00 135.05 5.2 
0.1782 125.23 133.88 3.5 

0.1223 119. 3.5 
0.1215 120. 7. 4 
0.1210 120. 5.2 
C.1208 123.97 90.84 3.0 

0.1632 116.89 123.52 23.0 

0.1629 119.66 123.01 5 .2  
0.1629 123.15 122.04 3.0 

C.0608 120.39 45.89 23.5 
0.0625 121.85 47.08 7.6 
0.0627 122.79 47.20 5 .2  
0.0633 124.63 47.56 3 .0  

0.1628 118.30 123.05 7.6 

0.1934 117.54 146.34 23.0 
C.1958 120.20 147.77 7.6 
0.1960 122.14 147.65 5 .2  
0.1976 127.07 148.19 3.0 

0.0733 118.36 55.40 23.5 
0.0752 118.18 56.85 7 . 4  
0.0735 117.98 55.58 5.2 
0.0729 119.69 55.02 3.0 

17.1 
5.5 
3.8 
2.2 

17.1 
5. 5 
3.8 
2 .2  

17. 1 
5. 4 
3.8 
2. 2 

17. 1 
5.5 
3.8 
2.2 

16.8 
5 .5  
3.8 
2. 6 

17. 1 
5. rc 
3.8 
2. 2 

16.8 
5.5 
3. 8 
2.2 

17.1 
5.5 
3.8 
2 .2  

16.8 
5.5 
3.8 
2.2 

17.1 
5. 4 
3.8 
2.2 

83915. 
27068. 
18475. 
10687. 

96538. 
31257. 
21461. 
12435. 

93103. 
29198. 
20416. 
11780. 

93905. 
299 12. 
2042 1 .  
11735. 

71748. 
23629. 
16212. 
11006. 

87183. 
27243. 
19140. 
11131. 

74877. 
24700. 
16806. 
9742. 

98474. 
31774. 
21815. 
12667. 

66203. 
21888. 
15043. 

8799. 

95207. 
29418. 
20675. 
11946. 

107.85 108.47 
1C7.00 108.82 
106.36 108.96 
105.71 110.19 

123.30 123.58 
123.23 123.93 
123.47 124.52 
123.67 125.36 

119.09 119.50 
118.05 119.28 
117.24 119.00 
116.68 119.59 

120.09 120.41 
117.90 118.88 
117.45 118.85 
116.56 118.88 

94.80 95.56 
93.76 96.00 
93.48 96.78 
93.35 98.74 

111-89 112.41 

0.57 16.31 
1.82 18.56 
2.60 20.13 
4.48 23.31 

0.23 3.98 
0.70 4.89 
1.03 5.44 
1.69 6.53 

0.36 8.43 
1 - 2 0  10.11 
i i 7 5  1 i i 2 3  
2.92 13.07 

0.30 6.07 
0.98 7.54 
1.37 8.14 
2.32 9.81 

0.70 26.62 
2.22 28.90 
3.29 30.33 
5.39 33.85 

0 - 5 0  12.46 .__. 

110;59 112;15 1.56 14.48 
110.23 112.47 2.21 15.55 
110.31 114.02 3.71 18-08 

98.86 99.56 
97.51 100.60 
97.06 100.02 
96.50 101.46 

125.70 126.00 
125.17 125.97 
125.42 126.58 
125.85 127.76 

87-73 88.56 
86.97 89.42 
86.84 90.32 
86.84 92.69 

121.67 121.97 
119.24 120.11 
119.00 120.38 
118.72 120.99 

0.64 21.75 
2.06 23.68 
2.96 25.69 
4.96 29.04 

0.25 4.39 
0.80 5.67 
1.15 6.30 
1.92 7.56 

0.82 32.78 
2.48 35.70 
3.52 37.42 
5.88 41.00 

0.26 5.97 
0.79 7.82 
1.37 8.07 
2.28 9.59 

6739. 67C8. -0.5 
6742. 6875. 2.0 
6748. 6722. -0 .4  
6713. 6668. -0.7 

2678. 2733. 2.0 
2572. 2633. 2.4 
2577. 2658. 3.2 
2539. 2506. - 1 . 3  

4462. 4198. -5.9 
4433. 4537. 2.4 
4485. 4508. 0.5 
4447. 4339. -2 .4  

3532. 3465. -1.9 
3502. 3703. 5.7 
3489. 3539. 1.4 
3473. 3447. -0.8 

8427. 8053. -4.4 

5724. 5722. -0 .0  
5693. 5693. 0 . 0  
5640. 5523. -2.1 

7762. 
7715. 
7697. 
7636. 

2849. 
29 19. 
2923. 
2937. 

9196. 
9250. 
9218. 
9189. 

3451. 
3542. 
3462. 
3419. 

7274. -6.3 
7800. 1.1 
7649. -0.6 
7396. -3.1 

2931. 2.9 
3020. 3 .4  
2967. 1.5 
2853. -2.8 

5382. 2 .0  
9387. 1.5 
9124. -1.0 
8789. -4.4 

2977.-13.7 
2897.-18.2 
3536. 2.1 
3380. - 1 . 1  

z9e.  
35c. 
323. 
277. 

6 4 e .  
507. 
457. 
375. 

510. 
422. 
3 8 5 .  
321. 

561. 
448. 
413 .  
341. 

305. 
2R2. 
268. 
237. 

447. 
381. 
353. 
300. 

344. 
2 1 4 .  
2R9. 
253. 

625. 
49c. 
447. 
37 4. 

i 7 c .  
249 I 
237. 
2 1 4 .  

557. 
436. 
013. 
3 4 3 .  

R-113-041?1 128.09 17.7 17.8 0.1072 120.59 80.89 23.5 17.1 92013. 117.56 118.08 0.49 10.27 5037. 5707. 13.3 472. 
8-113-04211 129.08 18.0 18.1 0.1080 121.32 81.40 7 .6  5.5 29518. 116.27 117.63 1.34 12.13 5062. 5048. -0 .3  401. 

8-113-04411 131.73 18.7 19.0 0.1078 124.35 81.09 3.0 2 .2  11580. 114.64 117.93 3.29 15.44 5025. 4895. -2.6 213.  
8-113-04311 129.31 18.2 18.2 0.1072 121.45 80.80 5.2 3.8 20041. 115.12 117.12 1.98 13.19 5023. 5093. 1.4 367. 



Table C-25. Experimental data for R-113 condensing on tube F3 ' 

- 
ic, Fw. Re Tw,in' Tw,outB  AT^* Q c s  Q w s  AtJ x 100 " 0 ,  Run No. TV P s  Psat* Fcs TC 

OF O F  O F  O F  Btu/hr Btu/hr Q Btu O F  psia psia gpm O F  lb,,,/hr gpm ft/sec 
Wr.ft2.0F 

R-113-00113 125.60 

8-113-00313 129.97 
R-113-00413 133.68 

B -  113- 00513 129.08 

8-1 13-OO7P3 133.98 
R- 113-00 813 137.97 

11-113-002r3 128.17 

a-ii3-006r3 131.97 

~-113-009r3 127.24 
~-113-oior3 128.51 

~-113-012r3 131.53 
8-1 13-01 lF3 129.43 

8- 113- 0 13?3 127.64 
8-1 13-01413 128.06 
R-113-01513 128.59 
8-113-01613 130.80 

8-113-01713 127.72 

B-113-01913 129.74 
R- 1 13- 02OP3 1 32.0 1 

~-113-018r3 128.89 

11-1 13-02113 127.05 
8-1 13-022P3 128.66 
R-113-02313 129.86 
8-1 1 3 - 0 2 ~ 3  132.7 1 

8-113-025P3 123.89 
8-113-02613 126.98 

8-113-02813 134.40 

R-113-02913 128.51 
8- 113-0 3013 128.93 

R- 1 13- o 27r 3 i 28.9 7 

~ - 1 1 ~ 0 3 1 ~ 3  128.85 
~-113-032r3 129.78 

R-113-03313 129.31 
R-113-03413 129.5@ 
8-113-035F3 130.29 
~-113-036r3 132.38 

8-1 1343713 127.50 
R- 113- 0 3 8 ~ 3  128. i 3 
8-113-039r3 129.01 
8-1 13-04013 130.80 

16.9 
17.2 
17.7 
19.2 

17.9 
18.7 
19.2 
20.7 

17.9 
18.3 
18.5 
19.0 

17.7 
17.7 
17.9 
18.7 

17.9 
18.2 
18.4 
18.9 

17.5 
17.9 
18.2 
19.2 

16.9 
17.7 
18.2 
19.7 

17.9 
18.0 
18.2 
18.2 

18.2 
18.2 
18.4 
18.9 

17.7 
18.2 
18.4 
18.7 

17.7 
18.2 
18.5 

17.0 
17.9 
18.4 
19.7 

18.1 
19.1 
19.8 
21.2 

17.6 
18.0 
18.3 
18.9 

17.7 
17.8 
18.0 
18.7 

17.7 
18.1 
18.4 
19.1 

17.5 
18.0 
18.4 
19.3 

16.5 
17.5 
18.1 
19.9 

18.0 
18.1 
18.1 
18.4 

18.2 
18.3 
18.5 
19.2 

17.6 
17.8 
18.1 
18.7 

0.1457 119.19 110.08 
0.1457 121.45 109.85 
0.1459 123.18 109.83 
0.1464 126.88 109.80 

C.1781 122.84 134.06 
0.1793 125.54 134.66 
C.1801 127.70 134.95 
C.1810 131.54 135.17 

C.0903 119.82 68.19 
C.0908 120.64 68.54 
C.0903 121.39 68.05 
C.0900 123.22 67.72 

0.0729 119.10 55.05 
0.0722 118.14 54.62 
C.0701 119.29 52.97 
0.0712 121.16 53.67 

0.1212 121.23 91.42 
0.1218 122.61 51.73 
C.1224 123.32 92.14 
0.1226 125.33 92-09, 

0.1067 lle.79 80.65 
0.1066 120.39 80.47 
0.1060 121.62 79.91 
0.1069 124.38 80.37 

0.2077 118.51 156.99 
0.2082 12258 156.82 
C.2082 123.59 156.61 
0.2114 128.75 158.29 

0.0529 117.16 40.05 
C.0540 117.73 40.83 
0.0535 117.91 00.50 
C.0538 118.88 40.63 

0.0611 119.19 46.12 
0.0631 119.60 47.64 
0.0613 119.76 46.25 
0.0611 121.58 46.03 

C.0710 117.97 53.69 
0.0716 118.73 54.13 
C.0706 119.35 53.30 
0.0689 120.52 52.00 

23.5 
7.6 
5.2 
3.0 

23.5 
7.6 
5.2 
3.0 

23.5 
7.6 
5.2 
3.0 

23.5 
7.6 
5.2 
3.0 

23. 5 
7.6 
5.2 
3.0 

23.5 
7.6 
5.2 
3.0 

23.5 
7.6 
5.2 
3.0 

23.5 
7.6 
5.2 
3.0 

23.5 
7.6 
5.2 
3.0 

23.5 
7.6 
5.2 
3.0 

14.7 
4.8 
3. 3 
1.9 

14.7 
4.8 
3.3 
1.9 

14.7 
4. 8 
3.3 
1.9 

14.7 
4. 8 
3.3 
1. 9 

1 u. 7 
4.8 
3.3 
1.9 

19.7 
4.8 
3.3 
1.9 

14.7 
4.8 
3. 3 
1.9 

14.7 
4. 8 
3. 3 
1.9 

14.7 
4.8 
3.3 
1.9 

14.7 
4.8 
3.3 
1.9 

83975. 
27182. 
18653. 
10830. 

82927. 
27044. 
18437. 
10555. 

90546. 
29222. 
19998. 
11574. 

92114. 
29600. 
20248. 
11762. 

88248. 
28292. 
19275. 
11102. 

88977. 
28723. 
19694. 
11412. 

74514. 
24002. 
16430. 
9562. 

94322. 
30368. 
20674. 
11909. 

94443. 
3029 4. 
20776. 
12078. 

92286. 
29693. 
20343. 
11786. 

111.57 112.20 
111.05 112.90 
110.95 113.61 
110.74 115.12 

109.74 111.49 
110.85 112.07 
109.50 112.68 
108.63 111.99 

119.87 120.29 
119.27 120.41 
119.03 120.70 
118.87 121.58 

121.86 122.20 
120.82 121.78 
120.60 121.94 
120.95 123.18 

116.82 117.33 
115.38 116.91 
114.58 116.80 
113.69 117.33 

117.73 118.20 
117.09 118.45 
117.03 118.97 
116.82 120.13 

99.53 100.46 
98.32 100.94 
97.78 101.56 
97.39 103.57 

124.71 124.97 
123.95 124.66 
123.20 124.20 
122.69 124.34 

124.85 125.15 
123.61 124.41 
123.71 124.87 
124.29 126.15 

122.09 122.40 
121.21 122.lC 
121.15 122.47 
121.21 123.38 

0.60 13.72 
1.85 16.19 
2.63 17.70 
4.37 20.75 

0.72 18.47 
2.22 20.51 
3.16 22.88 
5.31 27.66 

0.39 7.16 
1.14 8.66 
1.65 9.56 
2.71 11.30 

0.29 5.61 
0.96 6-76 ._. ~ 

1.33 3;3i 
2.23 8.74 

0.48 10.64 
1.54 12.75 
2.19 14.05 
3.63 16.50 

0.44 9.08 
1.36 10.89 
1.91 11.86 
3.30 14.24 

0.85 23.89 
2.60 27.35 
3.78 29.30 
6.21 33.92 

0.21 3.67 
0.71 4.63 
0.99 5.15 
1.65 6.26 

0.25 4.31 
0.81 5.57 
1.14 6.00 
1.86 7.16 

0.26 5.25 
0.90 6.47 
1.31 7.20 
2.17 8.51 

6876. 
6839. 
6822. 
6786. 

8 337. 
8342. 
8337. 
8 306. 

4250. 
4265. 
4229. 
4197. 

3429. 
3401. 
3296. 
3330. 

5695. 
5706. 
5725. 
5704. 

5028. 
5007. 
4 964. 
4974. 

9828. 
9778. 
9740. 
9774. 

2492. 
2540. 
2519. 
2524. 

2867. 
2960. 
2 872. 
2850. 

3346. 
3370. 
3315. 
3226. 

6977. 1.5 
6961. 1.8 
6781. -0.6 
6504. -4.2 

8352. 0.2 
8355. 0.2 
8134. -2.4 
7890. -5.0 

4559. 7.2 
4299. 0.8 
4246. 0.4 
4017. -4.3 

3384. -1.3 
3595. 5.7 
3415. 3.6 
3305. -0.8 

5579. -2.0 
5809. 1.8 
5634. *1.6 
5405. -5.2 

5183. 3.1 
5123. 2.3 
4931. -0.7 
4914. -1.2 

9961. 1.4 
9826. 0.5 
9777. 0.4 
9268. -5.2 

2442. -2.0 
2674. 5.3 
2553. 1.3 
2451. -2.9 

2861. -0.2 
3046. 2. 9 
2944. 2.5 
2755. -3.3 

3012.- 10.0 
3377. 0.2 
3374. 3224. -0.1 1.8 

448. 
378. 
345. 
293. 

404. 
364, 
326. 
269. 

531. 
suo. 
396. 
332. 

547. 
450. 
4 c 3 .  
341. 

479. 
400. 
?€4. 
309. 

495. 
411. 
?74. 
312. 

368. 
?2C. 
297. 
258. 

608. 
491. 
4 37. 
361. 

595. 
47:. 
420. 
15C. 

57c. 
466. 
412. 
339. 

562. 
457. 
409. 
239. 

A -  1 i3-041r3 128.59 18.0 0.0786 121.16 59.25 23.5 14.7 92657. 122.53 122.91 0.33 5.87 3687. 3838. 4.1 
R-113-042?3 129.86 18.4 0.0791 122.24 59.62 7.6 4.8 29936. 122.09 123.11 1.02 7.25 3704. 3829. 3.4 
8-113-04313 130.76 18.7 0.0783 123.11 58.97 5.2 3.3 20509. 122.03 123.48 1.44 8.01 3659. 3705. 1.3 
8-113-044F3 133.01 19.2 19.4 0.0791 124.94 59.47 3.0 1.9 11886. 122.06 124.52 2.46 9.72 3679. 3648. -0.9 

4 4 * c 



Table C-26. Experfmental data for R-113 condensing on tube F7 

- 
”’ Re Tw,ins Tw,gut*  AT^* A T s  QC* Qw* LQ x 100 “0s 

Run No. T” P, P,,t* Fc. Tcs i,. Fw, 
O F  psia psia gpm OF l b d h r  gpm ft/sec OF F O F  OF Btu/hr Btu/hr Q Btu 

h r - f  t2 . O F  

R-113-00 1 F 7  126.29 
R-113-002F7 128.78 
R-113-003F7 130.05 
R-113- OO4P7 133.30 

R-l13-005€7 127.53 
B -  1 13-00617 130 - 2  1 
R-113-007P7 131.71 
R-113-008P7 137.80 

R-113-009P7 126.18 
R-113-010P7 126.79 
R-113-011P7 127.68 
R -  1 13- 0 1217 1 30.0 5 

R- 113-0 13P7 127.83 
8-1 13-014F7 128.74 
R-113-015P7 129.35 
R-113-0 16P7 131 -00 

5-113-017F7 126.39 
R - 1  13- 01 8P7 128.2 1 
R-113-019P7 129.27 
R-113-020P7 131.7: 

R -  113-02 197 127.68 
R-113-022P7 129.78 
R-113-023P7 129.62 
R-113-024t7 130.72 

B-113-025P7 126.79 
R- 113-026P7 127.53 
R- 1 13-0 2717 127.9 1 
R-i 1 3 - 0 2 a ~ 7  129.39 

R - 1 1 3 - 0 3 0 ~ 7  128.02 
R-113-02917 127.02 

R-113-031P7 128.51 
R-113-032P7 130.21 

R-113-033P7 126.50 
R-113-034P7 128.59 
R-113-035P7 129.86 
R-113-036P7 133.47 

R-113-03717 124.13 
R-113-03CP7 128.09 
R-113-03917 129.82 
R-113-OQOP7 135.14 

R-113-041F7 125.92 
R-113-042P7 128.62 
8-1 13-04317 130.41 
R-113-044P7 134.40 

17.2 
17.7 
18.2 
19.2 

17.4 
18.0 
18.4 
19.7 

16.9 
17.1 
17.2 
17.9 

17.2 
17.5 
17.0 
18.2 

17.0 
17.4 
17.0 
18.4 

17.4 
17.9 
18.0 
18.4 

17.4 
17.7 
17.7 
17.9 

17.3 
17.5 
17.7 
18.2 

17.1 
17.6 
17.9 
19.2 

16.7 
17.4 
18.0 
19.7 

16.9 
17.5 
18.0 
19.5 

17.3 
18.0 
18.5 
19.5 

17.7 
18.5 
19.0 
20.4 

17.2 
17.4 
17.7 
18.5 

17.7 
18.0 
18.2 
18.8 

17.3 
17.9 
18.2 
19.0 

17.7 
18.4 
18.3 
18.7 

17.4 
17.7 
17. 8 
18.2 

17.5 
17.8 
18.C 
18.5 

17.3 
18.0 
18.4 
19.6 

16.C 
17. 8 
18.4 
20.2 

17.1 
18.0 
18.6 
19.9 

0.1432 120.45 108.03 
C.14U5 122.71 108.80 
C.1447 123.93 108.83 
0.14U4 126.96 108.34 

C.175C 120.71 132.01 
C.1758 123.49 132.30 
C.1761 125.08 132.31 
0.1765 129.10 132.08 

0.0929 119.54 70.13 
C.0946 120.17 71.43 
0.0938 120.84 70.78 
C.0932 122.88 70.15 

0.0733 120.17 55.31 
C.0731 120.93 55.12 
C.0724 121.42 54.61 
C.0704 122.95 52.99 

C.1207 120.90 91.01 
C.1208 122.48 9c.97 
C.1206 123.66 90.71 
C.1203 126.05 90. 33 

C.0556 119.38 41.99 
0.0566 121.32 42.71 
0.0531 121.45 40.03 
0.0529 122.21 39.85 

C.0647 118.54 48.93 
0.0647 119. 32 48.89 
C.0647 119.98 48.87 
C.0647 121.26 48.81 

C.OR39 120.64 63.32 
C.0852 121.58 64.19 
0.0854 122.18 64.31 
0.0842 123.59 63.44 

0.1623 122.44 122.25 
C.1638 124.45 123.12 
C.1641 125.58 123.21 
C.1636 128.94 122.47 

C.2125 120.84 160. 25 
0.214U 124.42 161.16 
C.2166 126. 34 162.58 
C.2 189 131.30 163. 49 

C.1791 121.19 135.08 
0.1791 123.80 134.72 
C.1805 125.47 135.58 
C.1808 129.33 135.30 

23.5 
7.6 
5. 2 
3.0 

23.5 
7.6 
5.2 
3.0 

23.5 
7.6 
5.2 
3.0 

23.5 
7.6 
5.2 
3.0 

23.5 
7.6 
5.2 
3.0 

23. 5 
7.6 
5. 2 
3.0 

23.5 
7.6 
5. 2 
3.0 

23.5 
7.6 
5.2 
3.0 

23.5 
7.6 
5.2 
3.0 

23.5 
7.6 
5.2 
3.0 

23.5 
7.6 
5.2 
3.0 

17.1 
5.5 
3. 8 
2.2 

17.1 
5. 5 
3.8 
2.2 

17. 1 
5. 5 
3.8 
2. 2 

11.1 
5: 5 
3. 8 
2. 2 

17. 1 
5.5 
3.8 
2.2 

17. 1 
5.5 
3. 8 
2. 2 

17. 1 
5.5 
3.8 
2.2 

17.1 
5.5 
3. 8 
2.2 

17.1 
5.5 
3.8 
2.2 

17.1 
5 . 5  
3.8 
2.2 

17. 1 
5.5 
3.8 
2.2 

88711. 113.64 114.24 
28646. 112.88 114.69 
19581. 112.37 115.00 
11338. 111.92 116.21 

85999. 110.38 111.15 
27720. 109.33 111.54 
18921. 108.58 111.80 
10985. 108.22 113.43 

92999. i ia.96 119.37 
29816. 117.45 118.63 
20401. 117.18 118.91 
11822. 117.12 119.94 

96014. 122.63 122.97 
30955. 121.96 122.91 
21168. 121.70 123.04 
12232. 121.47 123.65 

91117. 116.50 117.03 
29389. 115.72 117.24 
20060. 115.12 117.33 
11566. 114.33 117.99 

97220. 124.16 124.41 

21622. 124.00 125.40 
12466. 123.98 125.65 

95863. 122.46 122.77 
30888. 121.77 122.60 
21080. 121.28 122.50 
12164. 120.89 122.94 

94573. 120.86 121.25 
30431. 119.93 121.03 
20745. 119.27 120.86 
11966. 118.75 121.35 

87138. 111.76 112.44 
27913. 110.16 112.17 
19027. 109.28 112.23 
10987. 108.39 113.31 

79202. 101.99 102.88 
25663. 101.28 103.95 
17396. 59.79 103.69 
10076. 98.90 105.32 

84723. 108.73 109.49 
27274. 107.52 1C9.79 
18623. 106.83 110.07 
10767. 105.99 111.33 

31710. 124.96 125.68 

0.58 12.34 
1.82 14.99 
2.61 16.37 
4.29 19.23 

0.74 16.77 
2.22 19.78 
3.19 21.51 
5.21 24.97 

0.38 7.01 
1.19 8.76 
1.70 9.64 
2.82 11.52 

0.30 5.03 
0.95 6.30 
1.33 6.98 
2.18 8.44 

0.50 9.63 
1.52 11.73 
2.18 13.05 
3.66 15.57 

0.21 3.40 
0.73 4.46 
0.98 4.73 
1.66 5.91 

0.26 4.18 
0.84 5.35 
1.21 6.C2 
2.05 7.48 

0.35 5.96 
1.10 7.54 
1.58 8.44 
2.60 10.16 

0.66 14-40 

2.92 19.1C 
4.92 22.62 

0.85 21.69 
2.67 25.47 
3.90 28.08 
6.47 33.03 

0.73 16.81 
2.27 19.97 
3.21 21.96 

2.02 17.42 

67  42. 
6768. 
6759. 
6699. 

8225. 
8215. 
8199. 
8 140. 

4 377. 
4455. 
4409. 
4357. 

3445. 
3429. 
3395. 
3 287. 

5679. 
5663. 
5639. 
5597. 

2616. 
2653. 
2488. 
2473. 

3052. 
30 46. 
3043. 
3034. 

3948. 
3997. 
4002. 
3939. 

7627. 
7661. 
7654. 
7572. 

10029. 
10035. 
10100. 
10085. 

8435. 
8382. 
8416. 

6732. -0.1 
6845. 1.1 
6724. -0.5 
6385. -4.7 

e573. 4.2 
8348. 1.6 
8227. 0 . 3  
7750. -4.8 

4442. 1.5 
4471. 0.4 
4389. -0.5 
4193. -3.8 

3454. 0.3 
3565. 4.0 
3417. 0.7 
3242. -1.4 

5882. 3.6 

5629. -C.2 
5442. -2.8 

2396. -8.4 
2738. 3.2 
2532. 1.8 
2470. -0.1 

3047. -0.2 
3170. 4.1 
3124. 2.6 
3049. 0.5 

4035. 2.2 
4129. 3.3 
4055. 1.3 
3864. -1.9 

7641. 0.2 
7613. -0.6 
7539. -1.5 
7313. -3.4 

4886. -1.4 
10098. 0.6 
10074. -0.3 

9652. -4.3 

8505. 0.8 
8572. 2.3 
8289. -1.5 

5741. i . n  

5.34 25.74 8354. 7953. -4.8 

526. 
4 3 f .  
398. 
336. 

473. 
400. 
367. 
314. 

602. 
490. 
4 4 1 .  
364. 

660. 
524. 
46E. 
?75.  

568. 
465. 
416. 
346. 

742. 
573. 
507. 
403. 

70 3. 
f 4 F .  
487. 
39 1. 

638. 
511. 
957. 
37 3. 

51C. 
924. 
386. 
322. 

445. 
379. 
347. 
294. 

483. 
404. 
364. 
?12. 



Table C-26 (continued) 

- 
Run No. TV * P. Psats Fc. Tc 9 i,. F,, v 8  Re Tw,inD Tw,out' A T ~ 9  QC. QW, 3 " 0 s  

OF Btu/hr Btu/hr Q 8tu OF ps ia  ps ia  gpm OF lb,,,/hr gpm f t /sec  OF OF OF 
hr. f tn- 'F 

R-113-045P7 127.38 17.4 17.6 0.1496 122.34 112.69 23.5 17.1 88984. 113.94 114.58 0.61 13.12 7023. 7117. 1.3 516. 
R-113-040P7 129.97 18.0 18.0 0.1495 124.77 112.36 7.6 5.5 28811. 113.45 115.32 1.87 15.59 6978. 7044. 0.9 431. 
R-113-047P7 131.41 18.5 18.9 C.1512 126.23 113.46 5.2 3.8 19665. 112.77 115.49 2.69 17.28 7034. 6936. -1.4 392. 
8-113-048?7 134.62 19.5 20.0 C.1501 129.21 2.2 112.34 3.0 113R2. 112.23 116.71 4.47 -20.15 6934. 6651. -4.: !3L.. 

4 A. 4 w c c 



Run No. 

R - l l & O O l &  
8-116002A 
E-114-003A 
8-114-004A 
E-114-005A 

B-114-006A 
R-l l4-007A 
R - 1 14- 00 8 A  
B-114-00911 
8-114-010A 

8-114-01 1 A  
E-1 14-01 2 1  
R-114-013A 
1-114-019A 
8-1 14-015A 

R-114-016A 
B-114- 0 1 7 A  
8-1 14-0 18A 
8-114-0191 
1 -1  14-020A 

R-114-02 11 
R-114-0221 
B-114-0231 
R-114-024A 
1-114-02% 

R-114-0261 
R - 1 14- 02 7 A  
8-114-028A 
E-1 14-0291 

R-114-0301 
R-114-031A 
8-114-03211 
8-114-0331 

R-114-034A 
8-1 14-03% 
R-114-0368 
R-114-037A 
R - 1 14- 03 8 A  

E - 1 14- 0 39A 
8-114-0401 
11-114-041A 
E-114-042A 
8-114-0438 

T" 
OF 

99.49 
99.88 

100.23 
100.79 
101.31 

96.19 
97.06 
97.40 
98.71 

100.14 

94.14 
94.53 
94 -66 
95.58 
96.71 

93.70 
94.27 
34.40 
55.14 
95 -75 

94.97 
95.23 
95.53 
96.10 
97.36 

125.78 
129 -04 
130.58 
133.78 

121.92 
123.55 
124.07 
127.07 

98.84 
100.66 
101.74 
103.26 
106.42 

108.58 
110.82 
112.33 
115.30 
118.53 

P. 
psia 

45.2 
45.2 
45.7 
46.2 
46.2 

42.7 
43.2 
43.7 
44.5 
45.7 

41.2 
41.7 
41.7 
42.2 
43.2 

41.0 
41.2 
41.2 
41.7 
42.2 

41 -7 
42.2 
42.2 
42.7 
43.4 

67.7 
71.2 
72.7 
76.2 

64.7 
66.2 
66.7 
69.7 

44.7 
45.7 
46.7 
47 .7 
50.2 

52.2 
54.2 
55.7 
57.7 
60.7 

- 
'sat* 
psia 

45.4 
45.7 
46.0 
96.4 
46.8 

43.0 
43.6 
43.9 
44.8 
45.9 

41.6 
41.9 
41.9 
42.6 
43.4 

41.3 
41.7 
41.8 
42.3 
42.7 

42.2 
42.3 
42.6 
43.0 
43.9 

68.1 
71.5 
73.1 
76.5 

64.4 
65.9 
66.4 
69.4 

44.9 
46.3 
47- 1 
48.3 
50.7 

52.5 
54.4 
55.7 
58.3 
61.2 

t 4 

Table c-27. Experimental data f o r  R-114 condensing on tube A 

b 

Fcs Tc, icS Fws "*  Re Tw,in* Tw,out* "wS 
gpm OF lb,,,/hr gpm f t /sec OF OF OF 

QCS 
Btu/hr Ow* !!I x 100 Btu/hr Q 

"0  * 
Btu 
hr. f t2 - O F  

0.0587 
0.0586 
0.0588 
0.0589 
0.0598 

0.07 39 
0.0736 
0.0738 
0.0736 
0.0737 

0.0670 
0.0654 
0.0653 
0.0645 
0.064 1 

0.0349 
0.0351 
0.0353 
0.0349 
0.0345 

0.04 68 
0.0461 
0.0457 
0.0448 
0.0447 

94.32 
94.80 
95.41 
95.84 
96.32 

9 1.70 
9 2  53 
93.14 
94.10 
95.45 

9 1.40 
9 1.40 
91.61 
9 2 1 4  
92.96 

87.50 
88.03 
88.68 
89.12 
89.56 

9 1.09 
90.43 
90.70 
9 1.09 
91.70 

41-96 
41.81 
41.97 
42.03 
42.59 

52.97 
52.67 
52.8 1 
52.62 
52.57 

48.03 
46.91 
46.78 
46.21 
45.87 

25.15 
25.26 
25.36 
25.13 
24.77 

33.57 
33.06 
32.79 
32.16 
32.01 

22.5 18.1 
7.5 6.0 
5.2 4.2 
3.0 2.4 
2.1 1.7 

22.5 18.1 
7.5 6.0 
f . 2  4.2 
3.0 2.4 
2.1 1.7 

22.5 18.1 
7.5 6.0 
5.2 4.2 
3.0 2.4 
2.1 1.7 

22.5 18.1 
7.5 6.0 
5.2 4.2 
3.0 2.4 
2.1 1.7 

22.5 18.1 
7.5 6.0 
5.2 4.2 
3.0 2.4 
2.1 1.7 

0.1985 11  9.96 137.10 
0.1969 126.96 134.66 

0.1985 127.22 135.70 
0.1986 124.56 136.31 

0.1765 i 17.21 122.38 
0.1726 118.46 119.46 
0.1715 119.02 118.60 
0.1688 121.30 116.36 

0.0897 93.23 
0.0898 95.14 
0.0898 96.54 
0.0895 98.06 
a.0885 100.45 

0.1253 104.26 
0.1247 105.82 
0.1256 107.38 
0.1250 109.80 
0.1252 112.65 

64.14 
64.06 
64.0 1 
63.63 
62.75 

88.41 
87.76 
88.23 

87.36 
07.53 

22.5 18.1 
7.5 6.0 
5.2 4.2 
3.0 2.4 

22.5 18.1 
7.5 6.0 
5.2 4.2 
3.0 2.4 

22.5 18.1 
7.5 6.0 
5.2 4.2 
3.0 2.4 
2.1 1.7 

22.5 18. 1 
7.5 6.0 
5.2 4.2 
3.0 2.4 
2.1 1.7 

63652. 
21116. 
14582. 
8350. 
5767. 

57698. 
19162. 
13229. 
7604. 
5298. 

57600. 
19146. 
13203. 
7593. 
529 1. 

64479. 
21459. 
14843. 
8570. 
6016. 

62678. 
20803. 
14412. 
8328. 
5859. 

57502. 
19439. 
13390. 
7742. 

5782 8. 
19314. 
13266. 
7718. 

55604. 
18675. 
1301 1. 
7487. 
5342. 

56397. 
18966. 
1321 4. 
7655. 
5418. 

84.70 
84-13 
83 64 .--. 

82.71 
8 1.29 

76.71 
76.18 
75.69 
75.11 
74.3 1 

76.62 
76.18 
75.69 
75.02 
74.35 

85.76 
85.54 
85.28 
85.19 
85.23 

83.46 
82.93 
82.75 
82.71 
82.89 

76.27 
76.80 
75.91 
75.20 

76.76 
76.36 
75.33 
75.20 

73.81 
74.13 
74.31 
73.68 
74.66 

74.88 
75.15 
75.33 
75.02 
75.24 

84.76 
84.54 
84.36 
84.05 
83.26 

76.88 
76.84 
76.66 
76.66 
76.75 

76.71 
76.71 
76 -35 
76.53 
76.49 

85.85 
85.81 
85.68 
85.90 
86.33 

83.44 
83.26 
83.31 
83.62 
84.27 

76.80 
78.41 
78.34 
79.40 

77.19 
77.90 
77.46 
78.91 

74.06 
74.90 
75.47 
75.69 
77.68 

75.16 
76.27 
76.84 
77.81 
79.31 

0.0 
0.0 
0.0 
0.0 
0.0 

0.0 
0.0 
0.0 
0.0 
0.0 

0.0 
0.0 
0.0 
0.0 
0.0 

0.0 
0.0 
0.0 
0.0 
0.0 

0.0 
0.0 
0.0 
0.0 
0.0 

0.0 
0.0 
0.0 
0.0 

0 .0  
0.0 
0.0 
0.0 

0.0 
0.0 
0.0 
0.0 
0.0 

0.0 
0.0 
0.0 
0.0 
0.0 

14.76 
15.55 
16.23 
17.41 
19.03 

19.39 
20.55 
21.23 
22.82 
24.6 1 

17.47 
18.09 
18.64 
19.80 
21.29 

7.90 
8.60 
8.93 
9.60 
9.97 

11.52 
12.13 
12.50 
12.94 
13.78 

49.25 
51.90 
53.45 
56.49 

44.95 
46.42 
47.67 
50.01 

24.90 
26.15 
26.85 
28.57 
30.25 

33.55 
35.11 
36.25 
38.89 
41.25 

2222. 
2212. 
2219. 
2219. 
2247. 

2 822. 
2802. 
2807. 
2790. 
2780. 

2569. 
2507. 
2 500.  
2465. 
2441. 

1346. 
1351. 
1356. 
1341. 
1321. 

1793. 
1765. 
1749. 
1714. 
1702. 

6866. 
6693. 
6751. 
6670. 

6182. 
6013. 
5963. 
5810. 

3 400. 
3384. 
3374. 
3349. 
3276. 

4596. 
4541. 
4551. 
4486. 
4447. 

0. 0 .0 
0. 0.0 
0 .  0 .0  
0 .  0.0 
0 .  0.0 

0. 0.0 
0. 0 .0  
0 .  0.0 
0 .  0.0 
0 .  0 .0 

0 .  0.0 
0 .  0.0  
0 .  0.0 
0 .  0.0 
0 .  0.0 

0. 0.0 
0 .  0.0 
0 .  0 .0 
0. 0.0 
0 .  0.0 

0 .  0.0 
0. 0.0 
0. 0.0 
0. 0.0 
0. 0.0 

0. 0.0 
0. 0.0 
0. 0.0 
0 .  0.0 

0. 0.0 
0. 0.0 
0 .  0.0 
0. 0.0 

0 .  0.0 
0 .  0 .0 
0 .  0.0 
0. 0.0 
0 .  0.0 

0. 0 .0 
0 .  0.0 
0 .  0.0 
0 .  0 .0 
0 .  0.0 

144. 
136. 
131. 
122. 
113. 

139. 
130. 
126. 
117. 
108. 

140. 
132. 
128. 
119. 
110. 

163. 
150. 
145. 
133. 
127. 

149. 
139. 
134. 
127. 
118. 

133. 
124. 
121. 
113. 

131. 
124. 
119. 
111. 

130. 
124. 
120. 
112. 
103. 

131. 
124. 
120. 
110. 
103. 
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Table C-27 (continued) 

E-llU-OWA 
R-114-045A 
R-114-046A 
E-114-047A 
R-114-04811 

8-114-0491 
B-114-050A 
E-1 14-05 1A 
8-1 14-052A 
E-114-6531 

E- 1 1 4- 0 5 4A 
A-114-05% 
E-114-056A 
E-114-057A 

E-1 14-058A 
8-114-0591 
E-1 14-06011 
It-114-001A 

R-114-062A 
8-114-06311 
E-1 14-0641 
E-1 14- 0651 

R - 1 14- 0 6 61  
8-114-0671 
E-114-068A 
E-1 1b069A 

104.13 
105.64 
106.81 
109.44 
112.98 

113.67 
116.12 
117.15 
119.73 
123.64 

115.82 
118.53 
119.77 
123.04 

122.74 
125 .65  
126.81 
131.00 

129.46 
133.19 
135.15 
138.36 

112.50 
114.92 
117.28 
121.66 

48.7 
49 .7  
50 .2  
52 .7  
55.5 

56.2 
58.7 
59.7 
62.2 
65.7 

58.2 
60.7 
61.7 
65.2 

65.2 
67 .7  
69.2 
73.2 

71.7 
75 .5  
77.7 
81.2 

56.2 
57.7 
60.0 
64.2 

48.9 
50.1 
51.1 
53.2 
56.2 

56.8 
59.0 
59.9 
62.3 
66.0 

58.7 
'61.2 
62.3 
65.4 

65.2 
68.0 
69.2 
73.5 

71.9 
75.9 
78.0 
81.6 

55.8 
57.9 
60.0 
64.1 

0.1097 98.71 77.97 
0.1086 100.01 77.00 
0.1083 101.19 76.68 
0.1081 103.48 76.31 
0.1079 106.64 75.90 

0.1049 108.85 101.62 
0.1430 110.71 100.03 
0.1452 111.91 101.41 
0.1440 114.07 100.30 
0.1429 117.30 99.10 

0.1564 110.62 109.41 
0.1547 112.82 107.90 
0.1561 114.07 108.71 
0.1558 117.13 108.04 

0.1861 117.77 128.91 
0.1853 120.39 127.92 
0.1865 121.38 128.59 
0.1859 125.03 127.51 

0.2121 121.38 146.26 
0.2153 125.42 147.57 
0.2156 127.69 147.33 
0.2162 131.37 146.95 

0.1555 107.25 109.27 
0.1522 108.81 106.76 
0.1525 110.96 106.60 
0.1529 115.15 106.30 

22.5 18 .1  
7. 5 6 .0  
5 .2  4 .2  
3.0 2. 4 
2 .1  1.7 

22.5 18. 1 
7 . 5  6 .0  
5 . 2  4 . 2  
3.0 2 .4  
2 .1  1.7 

22.5 18.1 
7 . 5  6 .0  
5 .2  4 . 2  
3 .0  2 .4  

22.5 18. 1 
7 . 5  6 .0  
5 .2  4 .2  
3.0 2. 4 

22.5 18. 1 
7 . 5  6 .0  
5 .2  4 .2  
3.0 2 .4  

22 .5  18. 1 
7 . 5  6 . 0  
5 .2  4 .2  
3.0 2 .4  

55492. 
18545. 
12888. 
7523. 
5331. 

5659 1. 
19053. 
13048. 
7556. 
5400. 

56332. 
18977. 

7642. 

56786. 
19047. 
13149. 
7670. 

578 12. 
19324. 
13424. 
7727. 

53558. 
18228. 
12820. 

7599. 

13056. 

73.68 
73.46 
73.46 
73.90 
74.13 

75.11 
75.46 
7U. 22 
73.72 
74.75 

74.80 
75.02 
74. 13 
74.57 

75.29 
75.20 
74.53 
74.57 

70.67 
76.27 
76.04 
74.84 

70.77 
71.98 
72.79 
74.26 

73.88 
74.50 
74.85 
76 .22  
77.90 

75.47 
76.66 
76.00 
77.06 
79.26 

75.07 
76.49 
76.18 
77 .99  

75.82 
76.88 
76.88 
78.56 

77.24 
78.07 
78.60 
79 .44  

71.18 
73.35 
74.72 
77.41 

0.0 
0.0 
0.0 
0.0 
0.0 

0.0 
0.0 
0.0 
0 .0  
0.0 

0.0 
0.0 
0.0 
0.0 

0.0 
0.0 
0.0 
0.0 

0.0 
0.0 
0.0 
0.0 

0.0 
0.0 
0.0 
0 - 0  

30.30 
31.66 
32.65 
34. 38 
36.97 

38.38 
90.06 
42.04 
44.34 
46.63 

40. 8 s  
42.78 
44-62  
46.76 

47.18 
49.6 1 
51. 10 
54 .44  

52.51 
56.02 
57 .83  
61.22 

41.53 
42.25 
43.53 
45.83 

4090. 
4 027. 
4001. 
3960. 
3909. 

5227. 
5118. 
5 177. 
5091. 
4987. 

5601. 
5492. 
5518. 
5444. 

6500. 
6408. 
6424. 
6309. 

7262. 
7264. 
7218. 
7143. 

5634. 
5 476. 
5440. 
5373. 

0 .  
0. 
0 .  
0 .  
0.  

0 .  
0. 
0 .  
0 .  
0 .  

0 .  
0. 
0 .  
0 .  

0 .  
0 .  
0 .  
0 .  

0. 
0 .  
0. 
0 .  

0 .  
0 .  
0 .  
0 .  

0 .0  
0.0 
0.0 
0.0 
0.0 

0.0 
0.0 
0.0 
0.0 
0 .0  

0 .0  
0.0 
0.0 
0 .0  

0.0 
0.0 
0.0 
0 .0  

0.0 
0.0 
0.  0 
0 .0 

0.0 
0.0 
0.0 
0.0 

129. 
121. 
117. 
110. 
10 1. 

130. 
122. 
118. 
110. 
102.  

1 3 1 .  
123. 
118. 
111. 

132. 
123. 
120. 
1 1 1 .  

132. 
124. 
119. 
11 1. 

130. 
124. 
119. 
112. 

4 Y c c 

4 

0. 
0. 



Table C-28. Experimental data for R-114 condensing on tube B 

- 
", Re Tw,in* Tw,outs ATws QC * 9 x 100 "0.  

Run No. T"* p, Psat. F,, T,. iCs Fw. 
O F  ps la  psla gpm OF lbdhr gpm ft/sec OF OF OF OF Btu/hr Btu/hr Q atu 

hr.ft2.'F 

R-llP-OOlB 
8-114-0028 
R-114-0038 
R-114-0048 
R - 1 1 P 0 058 

R-114-0068 
R-114-0078 
R-114-0088 
R- 114- 0098 
R- 1 14- 0 1 OB 

R-114-0118 
R -  114-01 28 
R -  114- 0 138 
R -  1 14- 0 146 
8- 1 14- 0 158 

R-114-6168 
A- 1 14- 0 178 
R - 1  14- 0188 
R- 1 111- 0 198 
R-114-0208 

R - 1  14- 02 18 
R-l1U-0228 
R - 1 14- 02 38 

A- 1 14- 024 8 
8-114-0258 
R - 1 1 4- 0 2 68 
A-114-0278 
R - 1 14- 02  88  

R - 1 14- 0 2 98 
R- 1 1 4- 0 308 
R -  1 14- 0 3 18 
R-  114-0328 

R-114-6338 
R-114-0348 
R-114-0358 
E- 114- 0368 
8- 1 1 Q- 0 378 

R-114-0388 
R-114- 0398 

87.02 36.2 
86.28 35.7 
86.06 35.7 
85.93 35.7 
85.71 35.7 

89.34 37.7 
90.22 38.2 
90.52 38.2 
91.74 39.2 
93.18 40.2 

87.11 51.4 
87.72 51.4 
88.16 51.9 
89.34 52.4 
89.95 52.6 

99-10 58.9 
98.36 58.4 
99.66 59.4 

100.27 59.9 
1011.66 60.4 

99.31 45.2 
99.79 45.7 

101.87 47.2 

112.33 55.7 
113.41 56.7 
114.70 57.7 
116.85 59.7 
118.74 61.7 

98.53 44.2 
100.88 46.2 
103.35 48.2 
107.80 51.7 

94.71 41.7 
95.23 42.2 
96.01 42.7 
97.49 43.7 
99.14 45.1 

89.47 38.2 
89.60 38.7 

36.9 
36.4 
36.3 
36.2 
36.1 

38.4 
38.9 
39.1 
40.0 
40.9 

36.9 
37.3 
37.6 
38.4 
38.8 

45.1 
44.6 
45.5 
46.0 
46.3 

45.3 
45.6 
97.2 

55.7 
56.6 
57.7 
59.6 
61.4 

44.7 
46.4 
48.3 
51.9 

42.0 
42.3 
92.9 
43.9 
45.2 

38.5 
38.5 

0.0362 83.29 
0.0359 82.81 
0;0364 82.72 
0.0364 82.77 
0.0364 82.68 

0.0663 83.95 
0.0663 85.18 
C.0665 85.811 
0.0662 87.06 
0.0666 88.33 

0.0512 82.21 
0.0516 83.86 
0.0517 84.30 
0.0516 85.05 
0.0523 84.04 

0.0735 92.92 
C.0735 92.09 
0.0735 93.75 
0.0736 94.45 
0.0735 94.71 

0.0919 93.92 
C.0930 95.14 
0.0931 96.71 

C.1737 107.25 
0.1748 108.33 
C.1747 109.45 
0.1758 1 1  1.40 
0.1760 112.86 

C.1968 94.36 
0.2005 97.19 
0.2008 99.49 
0.2013 103.70 

0.1430 92.14 
0.1447 91.83 
0.1428 92.83 
0.1422 94.19 
c.1423 95.75 

C.1058 86.58 
c.1040 87.11 

26.23 
26.02 
26.41 
26.41 
26.35 

47.95 
47.88 
47.99 
47.74 
47.91 

37.06 
37.32 
37.39 
37.26 
37.86 

52.60 
52.68 
52.52 
52.55 
52.49 

65.66 
66.36 
66.30 

122.07 
122.63 
122.38 
122.86 
122.74 

140. 57  
142.71 
142.51 
142.12 

102.42 
103.70 
102.18 
101.60 
101.50 

76.33 
74.97 

2.1 
3.0 
5.2 
7.5 

19.0 

19.0 
7.5 
5.2 
3.0 
2.1 

19.0 
7.5 
5.2 
3.0 
2.1  

7.5 
19.0 

5.2 
3.0 
2.1 

19.0 
7.5 
3.0 

19.0 
7 .8  
5.2 
3.0 
2.1 

19.0 
7.5 
5.2 
3.0 

19.0 
7.5 
5.2 
3.0 
2. 1 

19.0 
7.5 

1.5 
2. 2 
3. R 
5.5 

13. 9 

13. 9 
5.5 
3.8 
2.2 
1.5 

13.9 
5.5 
3. A 
2.2 
1.5 

5.5 
13.9 
3.8 
2. 2 
1.5 

13.9 
5.5 
2. 2 

13.9 
5.7 
3. A 
2.2 
1.5 

13.9 
5.5 
3.8 
2.2 

13.9 
5. 5 
3.8 
2. 2 
1. 5 

13. 9 
5.5 

5561. 
7947. 

13786. 
19895. 
50593. 

50538. 
19967. 
13839. 
802 1. 
5663. 

50250. 
19825. 
13767. 
7999. 
560 1. 

21981. 
55727. 
15278. 

8774. 
6118. 

55444. 
21796. 

8785. 

55684. 
2273 1. 
15177. 
877 1. 
61 69. 

411389. 
17563. 
12323. 
73 57. 

47341. 
18575. 

7375. 
5174. 

47611. 
18645. 

12849. 

80.45 
80.71 
80.93 
81.07 
81-97 

8 1.29 
81.33 
81.07 
81-11 
81.47 

80.93 
80. 76 
80.76 
81.02 
80.76 

89.43 
89.65 
89.43 
88.72 
87.97 

89.21 
88.63 
@e. 68  

89.43 
88-50 
ea. 28 
87.57 
87.09 

70.82 
70.46 
71.09 
72.79 

7LOO 
75.15 
74-62 
73.50 
73.06 

76.49 
75.60 

81.73 
81.51 
81.42 

81.59 

81.59 
81.86 
81.90 
82.61 
83.66 

81.02 
81.11 
81.38 
82.25 
82.56 

89.96 
89.88 
90.40 
90.31 
90.40 

89.44 
89.31 
90.57 

89.96 
89.92 
90.40 
91.40 
92.71 

71.58 
72.29 
73.70 
77.211 

76.49 
76.40 
76.57 
76.88 
77.68 

76.88 
76.53 

81.38 

0.0 
0.0 
0.0 
0.0 
0.0 

0.0 
0.0 
0.0 
0.0 
0.0 

0.0 
0 - 0  
0.0 
0.0 
0.0 

0.0 
0.0 
0.0 
0.0 
0.0 

0.0 
0.0 
0.0 

0.0 
0.0 
0.0 
0.0 
0.0 

0.0 
0.0 
0.0 
0.0 

0.0 
0.0 
0.0 
0.0 
0.0 

0.0 
0.0 

5.94 
5.17 
4.88 
4.7 1 
4. 18 

7.90 
8.62 
9.04 
9. R8 

10.62 

6.13 
6.79 
7.09 
7.70 
8.29 

9.40 
8.60 
9.75 

10.75 
11. U7 

9.99 
10.82 
12.25 

22.64 
24.20 
25.36 
27.36 
28.84 

27.33 
29.50 
30.95 
32.79 

18.46 
19.45 
20.42 
22.30 
23.77 

12.79 
13.54 

1422. 
14 12. 
1434. 
1 434. 
14 32. 

2 588 .) 
2580. 
2584. 
2565. 
2567. 

2009. 
2020. 
2022. 
2011. 
2041. 

2787. 
2795. 
2780. 
2778. 
2772. 

3477. 
3511. 
3494. 

6296. 
6311. 
6280. 
6276. 
6244. 

7456. 
7535. 
7487. 
7400. 

5472. 
5536. 

5 400. 
5377. 

4119. 
4044. 

5446. 

0. 0.0 16C. 
0. 0.0 182. 
0 .  0.0 196. 
0. 0.0 203. 
0. 0.0 228. 

0. 0.0 218. 
0. 0.0 199. 
0. 0.0 191. 
0. 0.0 173. 
0. 0.0 161. 

0. 
0. 
0. 
0 .  
0 .  

0 .  
0 .  
0 .  
0 .  
0 .  

0 .  
0. 
0 .  

0. 
0. 
0 .  
0. 
0 .  

0 .  
0 .  
0 .  
0. 

0. 
0.  
0. 
0 .  
0 .  

0. 
0 .  

0.0 ' .  21e. 
0.0 198. 
0.0 190. 
0.0 174. 
0.0 164. 

0.0 197. 

0.0 19C. 

0.0 161. v 

0.0 232. 
0.0 216. 
0.0 190. 

0.0 185. 
0.0 174. 
0.0 165. 
0.0 153. 
0.0 144. 

0.0 182. 
0.0 170. 
0.0 161. 
0.0 150. 

0.0 197. 
0.0 190. 
0.0 17R. 
0.0 161. 
0.0 151. 

0.0 215. 
0.0 199. 

0.0 217. 

4 

0.0 172. 0. 

R-114-040B 9 0 i 3 5  39.2 39;O 0.1035 87.90 74.53 5.2 3.R 12960, 75.55 76.97 0.0 14.08 4015. 0. 0.0 190. 
R - l l b O Q l E  91.18 39.7 39.6 0.1026 88.68 73.81 3.0 2.2 7426. 74.57 76.88 0.0 15.45 3970. 0. 0.0 171. 
R-114-0428 93.05 40.7 40.8 C.1023 90.08 73.48 2.1 1.5 5236. 74.57 78.03 0.0 16.75 3938. 0. 0.0 157. 



Table C-28 (continued) 

- 
QC. Q W S  gx  100 "0.  Run No. T V  Ps P,,+,B Fc, Tc9 ic, F,. Re Tw,in' Tw,out' ATwD * OF psia psia gpm O F  lb,,,/hr gpm ft /sec OF OF O F  OF Btu/hr Btu/hr Q 

R-114-0438 
R-114-0448 
R-114-0458 
8-1 14-0468 
R - 1 14- 0478 
8-1 14-0488 
R-114-0498 
8-114-0508 
R- 1 14- 05 18 
P- 1 14- 0 5 28 

R-114-0538 
R-114-0548 
R-114-0558 
R-114-0568 
8-114-057B 

R- 114-0588 
R-114-0598 
E-1 14-0608 
8-114-0618 
R- 114- 0628 

8- 1 14- 06 38 
R-114-0648 
8- 114- 06 58 
8-114-0668 
8- 1 1  4- 0678 

R - 1 14- 0 6 88 
R-114- 0698 
R-114-0708 
R- 1 14- 07 18 
R-114-0728 

R-114-0736 
8-1 14-0748 
R-114-0758 
R-114-0768 
R-114- 0778 

8- 1 l&- 0788 
R-114-0798 
8-1 14-080B 
8-114-0818 
8-111-0828 

A- 1 14- 08 38 
R - 1 14- 0848 
8- 1 1  4- 08 58 
R-114- 08 68 

93.27 
94.01 
94.92 
96.40 
97.92 

88.47 
88.55 
89.12 
90.08 
91.83 

94.10 
94.53 
95.10 
96.01 
96.53 

90.65 
91 .oo 
91.31 
92.79 
93.27 

94.18 
94.53 
94.58 
95.45 
96.40 

92.70 
94 .o 1 
93.84 
95.23 
96.62 

92.35 
92.96 
93.18 
94.27 
95.75 

93.@9 
94.14 
94.75 
95.97 
96.19 

118.48 
121.53 
123.29 
128.01 

R-114-0818 132.42 

40.7 
41.4 
42.2 
43.2 
44.2 

37.7 
37.7 
38.2 
38.7 
39.7 

41.7 
41.7 
41.9 
42.7 
43.2 

38.7 
39.2 
39.2 
40.2 
40.7 

41.2 
41.7 
41.7 
42.2 
42.7 

40.4 
41.2 
41.2 
42.2 
43.2 

40.2 
40.7 
40.7 
41.2 
42.7 

41.2 
41.7 
42.2 
42.7 
43.2 

60.2 
63.2 
65.2 
69.7 
74.2 

41.0 
41.5 
42.1 
43.2 
44.3 

37.8 
37.9 
38.2 
38.9 
40.0 

41.6 
41.9 
42.3 
42.9 
43.3 

39.2 
39.5 
39.7 
40.7 
41.0 

41.6 
41.9 
41.9 
42.5 
43.2 

40.6 
41.5 
41.4 
42.3 
93.3 

40. 4 
40.8 
40.9 
41.7 
42.7 

41.1 
41.6 
42.0 
42.9 
43.0 

61.1 
64.0 
65.7 
70. 4 
75.0 

0.1258 
0.1268 
0.1267 
0.1268 
0.1269 

0.0633 
0.0639 
0.0633 
0.0630 
0.0634 

C.0809 
0.08 12 
C.0808 
C.0805 
0.0820 

C.0609 
C.0607 
C.0606 
0.0596 
0.0595 

0.0455 
0.0461 
0.0459 
0.0456 
0.0456 

c.1010 
0.1016 
0.1024 
0.1 019 
0.1015 

C.0904 
0.0906 
0.0906 
0.0900 
0.0899 

C.0805 
C.0807 
0.0806 
0.0790 
0.0807 

0.2723 
0.27 4.1 
0.2727 
0.2736 
0.2778 

90.65 
91.44 
92.14 
93.4 9 
94.66 

85.97 
86.41 
86.85 
87.37 
R8. 86 

90.35 
91.09 
91.74 
92.53 
93.01 

86. 58 
87.15 
87.59 
88.77 
89.30 

90.00 
90.30 
90.39 
91.04 
91.61 

89.03 
90.17 
90.30 
9 1. 39 
92.57 

89.34 
89.69 
90.08 
91-00 
92.14 

88.99 
90.13 
90.87 
9 1.92 
92.53 

114.20 
117.38 
119.32 
123.79 
127.90 

90.30 
90.92 
90.77 
90.69 
90.63 

45.67 
46.10 
45.64 
45.41 
45.59 

58.07 
58.27 
57.92 
57.66 
58.67 

43.90 
43.76 
43.63 
42.90 
42.75 

32.70 
33.11 
32.95 
32.68 
32.67 

72.61 
72.93 
73.49 
73.06 
72.64 

64.97 
65.12 
65.07 
64.57 
64.39 

57.88 
57.93 
57.81 
56.58 
57.75 

189.55 
190.00 
188.55 
187.97 
189.80 

19.0 13.9 
7.5 5.5 
5.2 3.8 
3.0 2.2 
2.1 1.5 

19.0 13.9 
7.5 5.5 
5.2 3.8 
3.0 2.2 
2.1 1.5 

19.0 13.9 
7.5 5.5 
5.2 3.8 
3.0 2.2 
2.1 1.5 

19.0 13.9 
7.5 5.5 
5.2 3.8 
3.0 2.2 
2.1 1.5 

19.0 13.9 
7.5 5.5 
5.2 3.8 
3.0 2. 2 
2.1 1.5 

19.0 13.9 
7.5 5.5 
5.2 3.8 
3.0 2.2 
2.1 1.5 

19.0 13.9 
7.5 5.5 
5.2 3.8 
3.0 2.2 
2.1 1.5 

19.0 13.9 
7.5 5.5 
5.2 3.8 
3.0 2.2 
2.1 1.5 

19.0 13.9 
10.0 7.3 
5.2 3.8 
3.0 2.2 
2.1 1.5 

48192. 
18863. 
13122. 
7549. 
5279. 

5051 1. 
19792. 
13764. 
7973. 
5636. 

52571. 
20631. 
14330. 
8263. 
5732. 

52098. 
20488. 
14217. 
8283. 
5770. 

55529. 
21869. 
15143. 
8774. 
6183. 

49688. 
19662. 
13453. 
7780. 
5478. 

50607. 
19846. 
13696. 
7938. 
5579. 

52098. 
20488. 
14228. 
8243. 
5677. 

48584. 
25748. 
13515. 
7958. 
5631. 

77.47 
76.36 
76.36 
75.60 
74.71 

81.33 
eo. 49 
80.62 
80.67 
81. 16 

84.57 
83.82 
83.82 
83.37 
82.22 

83.82 
83.33 
83.33 
83.82 
83.02 

89.43 
89.07 

88.99 
89.34 

79.87 
79.74 
78.49 
78.18 
78.00 

8 1.38 
eo. 58 
79.82 
79.96 
79.82 

83.77 
83.24 
83.24 
83.15 
81.25 

77.82 
77.56 
77.69 
78.09 
77.65 

ea. 85 

77.81 
77.59 
78.12 
78.43 
79.18 

81.46 
81.11 
81.46 
82.08 
83.18 

84-80 
84.58 
84.89 
85.29 
84. 89 

84.05 
83.92 
84.05 
85.19 
85.19 

89.48 
89.44 
89.44 
90.05 
90.84 

80.28 
80.80 
79.92 
80.63 
81.73 

81.73 
81.46 
81.46 
82.08 
82.87 

84.10 
84.01 
84.27 
85.06 
84.27 

78.74 
80.10 
81.46 
84.36 
86.55 

0.0 
0.0 
0.0 
0.0 
0.0 

0.0 
0.0 
0.0 
0.0 
0.0 

0.0 
0.0 
0 .0  
0.0 
0.0 

0.0 
0.0 
0.0 
0 .0  
0.0 

0.0 
0.0 
0.0 
0.0 
0.0 

0.0 
0 .0  
0.0 
0.0 
0.0 

0.0 
0.0 
0.0 
0.0 
0 .0  

0.0 
0.0 
0.0 
0.0 
0 .0  

0.0 
0.0 
0 .0  
0.0 
0.0 

15.63 
17.04 
17.69 
19.39 
20.98 

7.07 
7.75 
8.08 
8.71 
9.66 

9.41 
10.33 
10.75 
11.71 
12.98 

6.72 
7.38 
7.62 
8.28 
9.16 

4.73 
5.28 
5.43 
5.93 
6.32 

12.63 
13.74 
14.63 
15.82 
16.76 

10.80 
11.94 
12.54 
13.25 
14. 40 

9.55 
10.51 
10.99 
11.86 
13.43 

40.21 
42.71 
43.72 
46.78 
50.32 

4838. 
4864. 
4 848. 
4830. 
4812. 

2469. 
2491. 
2464. 
2447. 
2449. 

3106. 
3 115. 
3093. 
3073. 
3124. 

2364. 
2355. 
2346. 
2 300. 
2291. 

1749. 
1770. 
1761. 
1744. 
1740. 

3894. 
3902. 
3933. 
3900. 
3867. 

3487. 
3491. 
3487. 
3453. 
3434. 

3100. 
3 099. 
3089. 
30 16. 
3 077. 

9648. 
9607. 
9496. 
9365. 
9360. 

0. 0.0 206. 
0. 0.0 19C. 
0.  0.0 183. 
0. 0.0 166. 
0. 0.0 153. 

0. 0.0 232. 
0. 0.0 214. 
0. 0.0 203. 
0. 0.0 187. 
0. 0.0 169. 

0. 0.0 220. 
0. 0.0 201. 
0. 0.0 192. 
0. 0.0 175. 
0 .  0.0 160. 

0.  0.0 234. 
0. 0.0 213. 
0. 0.0 205. 
0. 0.0 1A5. 
0 .  0.0 167. 

0. 0.0 246. 
0. 0.0 224. 
0. 0.0 216. 
0. 0.0 196. 
0. 0.0 1R4. 

0. 0.0 205. 
0. 0.0 189. 
0 .  0.0 179. 
0. 0.0 164. 
0. 0.0 154. 

0. 0.0 215. 
0. 0.0 195. 
0. 0.0 185. 
0. 0.0 174. 
0. 0.0 159. 

0. 0.0 216. 
0. 0.0 196. 
0. 0.0 187. 
0. 0.0 169. 
0. 0.0 153. 

0. 0.0 160. 
0. 0.0 15c. 
0. 0.0 145. 
0. 0.0 133. 
0.  0.0 124. 

C b  4 Y c c 



Table C-28 (continued) 

- 
"* Re Tw,in* Tw,out* A T ~ s  Qc. Qw* f i x  100 ",. Run No. T"* P, Psat. F,. Tc* i C s  FwD 

OF psia psia gpm OF l b d h r  gpm ft/sec OF OF OF OF Btu/hr Btu/hr Q Btu 
hr.ft2.'F 

8-114-0888 107.24 51.2 
8-114-0896 109.36 52.7 
8-114-0906 110.87 54.2 

8-1160926 117.58 59.7 
E-114-091B 114.18 56.7 

R-114-6938 113.41 55.7 

R-114-0956 119.60 61.2 
8-114-0966 122.05 63.7 

8-114-0978 118.01 60.2 
8-114-0988 121.23 62.7 
8-114-0998 123.42 65.2 
8-114-  1001) 127.15 69.2 

8-114-0946 117.45 59.2 

51.4 
53.1 
54.4 
57.3 
60.3 

56.6 
60.2 
62.2 
64.5 

60.7 
63.7 
65.8 
69.5 

0.2136 103.79 150.78 
0,2114 105.87 148.84 
0.2127 107.64 149.36 
0.2116 110.95 148.04 
0.2110 113.51 147.04 

0.2508 110.27 175.54 
0.2515 114.03 175.10 
0.2547 116.09 176.90 
0.2539 118.50 175.74 

0.2879 11  5.49 200- 12 
0.2829 118.20 195.87 
0.2859 120.31 197.40 
0.285n 923-66 196.43 

19.0 13.9 
7.5 5.5 
5.2 3.8 
3.0 2.2 
2.1 1.5 

19.0 13.9 
7 .5  5.5 
5.2 3.8 
3.0 2.2 

19.0 13.9 
7 .5  5.5 
5.2 3.8 
3.0 2 .2  

47503. 
18931. 
13159. 
774 1. 
5492. 

47894. 
19327. 
13441. 
7767. 

47368. 
19081. 
13273. 
7775. 

76.13 
76.27 
76.04 
76.71 
76.67 

76.7 1 
77.69 
77.51 
76.67 

75.82 
76.62 
76.40 
76.53 

76.88 0.0 
78.25 0.0 
78.87 0.0 
81.29 0.0 
83.48 0.0 

77.59 0.0 
80.10 0.0 
80.76 0.0 
81.86 0.0 

76.75 0.0 
79.13 0.0 
79.88 0.0 
82.17 0.0 

30.73 
32.10 
33.41 
35.18 
37.5 1 

36.26 
38.56 
40.47 
42.79 

41.73 
43.36 
45.28 
47.80 

7860. 0. 
7725. 0. 
7728 . 0. 
7606. 0. 
7499. 0. 

9033. 0. 
8933. 0. 
8982. 0. 
8 875. 0. 

10 197. 0. 
9910. 0. 
9939. 0. 
9806. 0. 

_ _ _ _ ~  

0.0 170. 
0.0 160. 
0.0 154. 
0.0 144. 
0.0 133 .  

0.0 166. 
0.0 154. 
0.0 148. 
0.0 138.  

0.0 163. 
0.0 152. 
0.0 lQ6.  
0.0 137. .__-.I_ 



Table C-29. Experimental data f o r  R-114 condensing on tube C 

Run No. T" * p, P,,t. F,, Tc, 4 s  Fws "*  Re Tw,in' Tw,outs ATws n, Qc* Q w *  gx  100 " 0 ,  * OF psia psia gpm O F  lb,,,/hr gpm ft/sec O F  OF O F  OF Btu/hr Btu/hr Q 

E- 1 14- 00 1C 
E-1 14-002C 
E-114-003C 
E - 1 14- 004C 

E-1 14-005C 
ff -1 14- 006C 
E-114-007C 
8-114-008C 

E- 114- 009C 
R-114-010C 
E-114-011C 
E-1 14- 01 2C 

E-114-013C 
E- 1 14- 0 14C 
E-1 14-0 15C 
I-114-016C 

E-1 19- 01 I C  
E-1 14-018C 
1- 1 14- 01 9C 
E-1 14-02OC 

R- 114-021C 
E-1  14-022C 
E-1 14-023C 
E-114-024C 

R-ll4-025C 
E-1 14-026C 

E-114-027C 
E-114-028C 
E-114-029C 
E-1 14-03OC 

E- 1 14- 0 3  1C 
E-114-032C 
R - 1 14- 0 33C 
R-114-034C 

E-1 14-035C 
R- 1 14- 0 36C 
8-114-037C 
E-1 14- 038C 

E-1 14L039C 
E- 1 14- 090C 
8-114-041C 

90.52 
90.56 
91 -39  
92.88 

93.40 
94 .05  
94 .44  
95.75 

93.49 
93.84 
99.01 
94 .66  

90.87 
91.00 
91 .44  
92 .31  

96 -79 
97.58 
98 .05  
99 .36  

95.79 
97.53 
98 -75  

100.62 

103.69 
104.90 

107.89 
110.56 
111.43 
114.92 

101.87 
103.48 
104.47 
106.98 

91.96 
93.18 
93.79 
95.53 

94  -88 
95.32 
95.97 

E-tlU-042C 97.75 

C C  4 

38.7 
39 .2  
39.7 
40.7 

40.7 
41 .2  
41.5 
42 .2  

41.2 
41.2 
41.2 
41.7 

39.7 
39.5 
39.9 
40.7 

43.7 
44 .7  
45.1 
46.1 

42.7 
43.7 
44.2 
45.7 

48.2 
49.2 

51.7 
53.7 
54 .7  
57.2 

47.2 
48.2 
49.2 
51 .2  

39.7 
40.7 
40.7 
42.2 

41.7 
42.2 
42.7 
43.7 

39.1 
39.2 
39.7 
46.7 

41.1 
41.5 
41.8 
42.7 

41.1 
41.4 
41.5 
41.9 

39.4 
39.5 
39.7 
40.3 

43.5 
44.0 
44.4 
45.3 

92.7 
44.0 
44.9 
46.2 

48.6 
49.5 

51.9 
54.2 
54.9 
57.9 

47.2 
48.4 
49.2 
51.2 

40. 1 
40.9 
41.3 
42.6 

42.1 
42.4 
42.9 
44.1 

0.0572 86.58 
0.0571 87.37 
0.0566 88.38 
0.0564 93.84 

0.0658 88.99 
0.0665 89 .56  
0.0661 90 .08  
0.0656 91.31 

0 .0317 88.68 
0.0322 88 .42  
0.0317 88.25 
0.0308 88 .60  

0.0436 86.71 
0.0433 86.50 
0.0426 86.67 
0.0419 87.20 

0.0742 92.35 
0.0735 92.75 
0.0733 93.18 
0.0726 93.92 

0.1363 91.09 
0.1372 93.18 
0.1376 94.36 
0.1382 96 .62  

0.1705 100.27 
0.1689 101.27 

0.1983 103.48 
0.1997 106.51 
0.1993 107.51 
0.2013 1 1  1.27 

0.1710 99.10 
0.1688 100.23 
0.1700 101.14 
0.1691 103.53 

0.1092 88.33 
0.1082 89.60 
0.1092 90.21 
0.1087 91.74 

41 .22  
41.13 
40.72 
40 .33  

47.29 
47.82 
47.50 
47.00 

22.84 
23.16 
22.84 
22.19 

31.42 
31.20 
30.72 
30.19 

53.17 
52.61 
52.46 
51.88 

97.76 
98.15 
98.28 
98.45 

120.9 1 
119.59 

140.04 
140.46 
140.02 
140.72 

121.41 
119.67 
120.43 
119.42 

78.60 
77 .76  
78.38 
77.92 

0.0880 91 .52  63.10 
0.0876 91.92 62.77 
0.0872 92.49 62.42 
0.0859 93.79 61.40 

22 .0  
7 .5  
5 .2  
3.0 

22.0 
7.5 
5 .2  
3 .0  

22.0 
7 .5  
5 .2  
3 .0  

22.0 
7.5 
5 .2  
3 . 0  

22.0 
7 . 5  
5 . 2  
3.0 

22 .0  
7 .5  
5 .2  
3.0 

22.0 
7 .5  

22.0 
7 .5  
5 .2  
3.0 

22.0 
7.5 
5 .2  
3.0 

22.0 
7 . 5  
5 .2  
3 .0  

22.0 
7 . 5  
5 .2  
3 .0  

20.6 
7.0 
4.9 
2.8 

20.6 
7 .0  
4.9 
2.8 

20 .6  
7 .0  
4.9 
2.8 

20 .6  
7.0 
4.9 
2 .8  

20 .6  
7.0 
4.9 
2.8 

20 .6  
7.0 
4.9 
2.8 

20 .6  
7 .0  

20 .6  
7 . 0  
4.9 
2. 8 

20.6 
7 .0  
4.9 
2 .8  

20 .6  
7 .0  
4 .9  
2.8 

20 .6  
7.0 
4.9 
2.8 

64323. 
21899. 
15272. 

8873. 

65735. 
22328. 
15456. 

8950. 

69027. 
23490. 
16287. 

9429. 

66077. 
22386. 
15557. 

9017. 

67572. 
22954. 
15910. 

9216. 

58182. 
19795. 
13643. 

7873. 

5988.5. 
20262. 

59736. 
20307. 
14009. 
8088. 

5841 3. 
19857. 
13674. 
7879.  

58974, 
20099. 
13861. 
7974. 

63983. 
21702. 
15055. 

8743. 

84.88 
84.57 
84.97 
85.32 

86.78 
86.25 

85.94 

91.06 
90.75 
90.75 
90.88 

87.26 
86.56 
86.73 
86.96 

89.12 
88.63 
88.4 1 
88.46 

76.58 
715.00 
75.24 
74.66 

78.85 
77.69 

78.58 
77.78 
76.93 
76.13 

76.89 
76.09 
75.24 
74.31 

77.69 
77.34 
76.67 
76.00 

84.35 
83.68 
83.51 
83.68 

135.98 

84.93 
05 .02  
85.59 
86.42 

86 .95  
86.86 
86.86 
87.51 

91.05 
91.05 
91.05 
91 .53  

87.34 
86.99 
87.21 
87.78 

89.31 
89.18 
89 .35  
90.01 

77.02 
77.28 
77 .10  
77 .72  

79.31 
79 .26  

79 .18  
79 .53  
79 .57  
80.50 

77 .32  
77 .68  
77.46 
78 .21  

78 .03  
78 .34  
78.16 
78.38 

84.58 
84 .40  
84.67 
85 .59  

0.0 
0.0 
0.0 
0.0 

0.0 
0.0 
0.0 
0.0 

0.0 
0.0 
0.0 
0.0 

0.0 
0.0 
0.0 
0.0 

0.0 
0.0 
0.0 
0.0 

0.0 
0.0 
0.0 
0.0 

0.0 
0.0 

0.0 
0.0 
0.0 
0 . 0  

0.0 
0.0 
0.0 
0.0 

0.0 
0.0 
0.0 
0.0 

0.0 
0.0 
0.0 
0.0 

5.62 
5.77 
6 .12  
7.01 

6.59 
7 .50  
8.02 
9.02 

2.43 
2 .93  
3.11 
3.45 

3.57 
4.23 
4.47 
4.94 

7.50 
8.67 
9.17 

10.13 

19.00 
20.89 
22.58 
24.42 

24 .6  1 
26.43 

29.01 
31.91 
33.17 
36.60 

24.77 
26.59 
28.12 
30.72 

14.10 
15.34 
16.38 
18.34 

10.42 
11.27 
11.88 
13.11 

2220. 
2215. 
2189. 
2162. 

2533. 
2558. 
2539. 
2506. 

1223. 
1239. 
1222. 
1186. 

1691. 
1679. 
1652. 
1620. 

2829. 
2795. 
2785. 
2747. 

5213. 
5216. 
5211. 
5200. 

6348. 
6264. 

7290. 
7272. 
7236. 
7218. 

6397. 
6286. 
6313. 
6228. 

4221. 
4167. 
4195. 
4157. 

3 370. 
3 350. 
3327. 
3262. 

0 .  0.0 
0 .  0.0 
0. 0.0 
0. 0.0 

0.  0.0 
0 .  0 .0 
0. 0.0 
0 .  0.0 

0 .  0.0 
0. 0 .0  
0. 0.0 
0. 0.0 

0 .  0.0 
0. 0.0 
0. 0.0 
0 .  0.0 

0. 0.0 
0. 0.0 
0.  0.0 
0 .  0.0 

0. 0.0 
0 .  0.0 
0 .  0 .0 
0 .  0 .0  

0. 0.0 
0.  0.0 

0. 0.0 
0 .  0 . 0  
0 .  0 .0  
0. 0 .0  

0 .  0 .0 
0 .  0 .0 
0 .  0.0 
0 .  0 .0 

0 .  0 .0 
0 .  0 .0 
0 .  0.0 
0 .  0.0 

0 .  0 .0  
0. 0 .0 
0 .  0.0 
0. 0.0 

354. 
343. . 
32c. 
276. 

347. 
305. 
283. 
248. 

450. 
378. 
352. 
307. 

424. 
355. 
331. 
293. 

334. 
288. 4 

243. 

245. 
223. 
206. 
190. 

231. 
212. 

225. 
204. 
195. 
176. 

231. 
211. 
20 1. 
18 1. 

268. 
243. 
229. 
203. 

289. 
266. 
250. 
222. 

27 2. 8 



Table C-29 (continued) 

- 
Run No. T" P. Ps,t* F,. T,. A c s  Fw, "*  Re Tw,ina Tw.out* AT * Qc* Qw. ax 100 "0.  

OF psia psia gpm OF lb,,,/hr gpm f t /sec O F  OF O F  OF Btu/hr Btu/hr Q 8tu  
hr. f t2 -OF 

8- 1 
R-1 
R-1 
R- 1 

14- 043C 
14-044C 
14-045C 
14-046C 

R-114-047C 
8-1 14-048C 
R-114-049C 
R-114-050C 

8-1 14-051C 
8-114-052C 
8-1 14-053C 
R - 1 14- 0 54C 

120.59 
125.22 
126.64 
132.50 

109.27 
112.20 
113.71 
117.11 

114.70 
118.23 
120.16 
125.09 

62.7 
66.9 
60.7 
74.7 

52.7 
55.2 
56.7 
59.7 

57.2 
60.2 
62.2 
66.7 

63.1 
67.6 
69.0 
75.1 

53-1 
55.5 
56.9 
59.9 

57.7 
60.9 
62.7 
67.5 

C.300@ 
Q.3007 
0.3031 
C.3007 

116.44 208.77 22.0 20.6 57721. 
121.25 207.35 7.5 7.0 20086. 
122.63 208.62 5.2 4.9 I 13789. 
128.03 205.38 3.0 2.8 8203. 

0.2268 105.91 159.63 21.5 20.1 55977. 
0.2249 100.93 157.68 7.5 7.0 19828. 
0.2251 110.45 157.52 5.2 4.9 13763. 
0.2246 113.21 156.57 3.0 2.8 7984. 

0.2593 111.27 181.22 22.0 20.6 58017. 
0.2586 114.63 179.95 7.5 7.0 19890. 
C.2602 116.57 180.57 5.2 4.9 13794. 
0.2585 121.04 178.31 3.0 2.8 8133. 

75.73 
76.44 
75.11 
76.40 

75.24 
75.78 
75.42 
74.84 

76.18 
75-82 
7s. 38 
75.91 

76.62 
79.13 
78.91 
82.47 

75.91 
77.77 
78.29 
79.75 

76.97 
78.21 
78.69 
81.59 

0.0 44.41 
0.0 47.44 
0.0 49.63 
0.0 53.06 

0.0 33.69 
0.0 35-43 
0.0 36.85 
0.0 39.82 

0.0 38.13 
0.0 41.21 
0.0 43.13 
0.0 46.34 

10578. 
10397. 
10427. 
10126. 

8286. 
8 135. 
8101. 
7994. 

9300. 
9 165. 
9158. 
8944. 

0 .  0.0 
0. 0 .  0.0 0 .0  

0 .  0.0 

0 .  0.0 
0 .  0.0 
0. 0.0 
0.  0.0 

0 .  0 . 0  
0. 0.0 
0. 0.0 
0.  0 .0  

213. 
196. 
188. 
17 1. 

220. 
2 0 5 .  
197. 
180. 

il8. 
199. 
190. 
173. -- 



Table C-30. Experimental data f o r  R-114 condensing on tube D 

Run No. T" * p ,  PsatS Fc, TC * ic, Fw, " *  Re Tw,in' Tw,outs ATw* n, Qc* QW. 100 "0, 
Btu OF psia psia gpm OF lb,/hr gpm f t /sec  O F  OF O F  O F  Btu/hr Btu/hr Q h r -  f t2 -"F 

R- 1 14- 00 1 D  
A-114-002D 
R-114-003D 
8-114-0040 
R-114-005D 

R-114-006D 
R - 1 14- 0 07D 
R - 1 14- 0 O 8 D  
R-114-009D 
R- 1 14-0 1 OD 

R - 1 14- 0 1 1 D  
8- 1 14-0 12D 
R-114- 0 1 3D 
8- 1 14- 0 14D 

R- 114- 0 15D 
R- 114-0 16D 
R-114-0 17D 
R-114-018D 

R- 114- 0 19D 
8-114-0201) 
R-114-021D 
R-114-022D 

8-1 14-023D 
R-114-024D 
R - 1 14- 0 2 5 D 
R-119-0261) 

8-114-027D 
8-114-0280 
8-114-029D 
R-114-030D 

R - 1  14-031D 
8-114-032D 
R-114-033D 
8- 1 14- 034D 

R-114-035D 
R-114-030D 
8-114-0371) 
8- 11 4-0383) 

E-1 14-0390 
8-114-04OD 
R- 114-0 4 1 D  
R - 1 14- 0 42D 

91.96 
93.05 
93.84 
95.97 
98.79 

93.27 
94.92 
96.10 
98.79 

102.78 

92.14 
93.40 
94.44 
97.40 

101.31 
104.64 
106.16 
110.13 

97.88 
100.14 
100.92 
104.86 

87.24 
89 -30 
90.17 
93.84 

93.49 
95.92 
96.92 

100.88 

94.53 
96.97 
97.88 

102.09 

93.14 
95.71 
96.10 
99.01 

93.36 
93.44 
93.62 
94.58 

40.2 
41.2 
41.7 
43.0 
44.9 

40.5 
41.7 
42.7 
44.4 
47.2 

39.5 
40.9 
41.5 
43.7 

46.2 
48.9 
50.2 
53.7 

43.7 
45.7 
46.2 
49.2 

36.7 
37.7 
38.7 
41.0 

40.7 
42.2 
43.2 
46.2 

41.2 
43.2 
43.9 
47.2 

40.2 
42.2 
42.7 
44.7 

40.7 
40.7 
40.9 
41.7 

40.1 
40.8 
41.4 
42.9 
44.9 

41.0 
42.1 
43.0 
44.9 
47.9 

40.2 
41.1 
41.8 
43.9 

46.8 
49.3 
50.5 
53.8 

44.2 
45.9 
46.5 
49.5 

37.0 
38.3 
38.9 
41.4 

41.1 
42.8 
43.5 
46.4 

41.9 
43.6 
44. 2 
47.4 

40.9 
42.7 
43.0 
45.1 

41.0 
41.1 
41.2 
41.9 

0.0883 88.86 63.52 
0.0888 89.78 63.80 

0.0874 92.14 62.60 
0.0852 94.01 60.90 

0.1079 90.08 77.48 
0.1080 91.52 77.41 
C.1081 92.62 77.36 
0.1078 94.75 77.00 
0.1081 98.49 76.82 

C.1397 89.56 100.40 
0.1392 91.31 99.78 
0.1392 92.09 99.74 
C.1394 94.62 99.58 

0.1946 97.97 138.38 
C.1940 101.40 137.36 
0.1942 102.8R 137.23 
0.1941 106.34 136.56 

C.1709 95.23 121.95 
C.1702 97.54 121.12 
0.1697 98.41 120.64 
C.1699 101.88 120.21 

0.1246 84.65 90.06 
0.124E 86.80 89.95 
C.1240 87.72 89.33 
0.1235 90.78 88.60 

C.1529 91.09 109.69 
0.1528 93.23 109.27 
0.1532 94.27 109.47 
0.1532 97.71 108.96 

0.1546 92.92 110.66 
0.1551 95.01 110.70 
0.1552 95.97 110.63 
0.1550 99.67 110.01 

0.1282 91.04 91.93 
C.1284 93.49 91.79 
C.1307 94.23 93.37 
C.1309 96.67 93.23 

0.0531 90.39 38.10 
0.0541 90.91 38.84 
0.0536 91.13 38.46 
0.0530 91.70 37.99 

o .omo 90.52 6 3 - 9 6  

23.0 14.4 
7.5 4.7 
5.2 3.3 
3.0 1.9 
2.1 1.3 

23.0 14.4 
7.5 4.7 
5.2 3.3 
3.0  1.9 
2.1 1.3 

23.0 14.4 
7.5 4.7 
5.2 3.3 
3.0 1.9 

23.0 14.4 
7.5 4.7 
5.2 3.3 
3.0 1.9 

23.0 14.4 
7.5 4.7 
5.2 3.3 
3.0 1.9 

23.0 14. 4 
7.5 4.7 
5.2 3.3 
3 . 0  1.9 

23.0 14. 4 
7.5 4.7 
5.2 3.3 
3.0 1.9 

23.0 14.4 
7.5 4.7 
5.2 3.3 
3.0 1.9 

23.0 14.4 
7.5 4.7 
5.2 3. 3 
3 .0  1.9 

23.0 14.4 
7.5 4.7 
5.2 3.3 
3.0 1.9 

6 1506. 
19976. 
13883. 

8082. 
5698. 

60661. 
19807. 
13744. 
8016. 
5692. 

55769. 
18195. 
12565. 
7257. 

55958. 
18546. 
12751. 
7372. 

56021. 
18288. 
12579. 
7304. 

54074. 
17617. 
12221. 
71 36. 

55155. 
17985. 
12430. 
7247. 

55674. 
18159. 
12551. 
7321. 

57943. 
19019. 
13013. 
7570. 

65362. 
21087. 
14590. 

8424. 

84.66 
63.99 
83.99 
84.35 
84.66 

83.46 
83.15 
83.06 
83.46 
84.13 

76.67 
76.22 
75.60 
75.11 

76.85 
77.47 
76.44 
75.69 

76.98 
76. 44 
75.46 
75.24 

74.22 
73.81 
73.59 
73.81 

75.78 
75.24 
74.66 
74.75 

76.49 
76.00 
7 5.33 
75.55 

79.69 
79.74 
78.49 
79.16 

90.04 
88.94 
eu. 63 
88.41 

84.84 
84.84 
85.24 
86.38 
87.56 

83.75 
84.27 
84.49 
85.90 
87.91 

77.02 
71.55 
77.55 
78.21 

77.37 
79.31 
79.00 
80.10 

77.41 
78.12 
77.85 
79.09 

74.68 
74.94 
75.25 
76.8R 

76.18 
76.71 
76.80 
78.34 

76.93 
77.46 
77.63 
79.13 

80.06 
81.07 
80.19 
80.85 

90.05 
89.31 
89.26 
89.61 

0 .0  
0 .0  

0.0 
0 .0  

0.0 
0.0 
0.0 
0.0 
0.0 

0.0 
0.0 
0.0 
0 . 0  

0.0 
0.0 
0.0 
0 . 0  

0.0 
0.0 
0.0 
0.0 

0.0 
0.0 
0.0 
0 . 0  

0.0 
0.0 
0.0 
0.0 

0.0 
0.0 
0.0 
0.0 

0.0 
0.0 
0.0 
0.0 

0.0 
0.0 
0.0 
0.0 

n. o 
7.21 
8.63 
9.22 

10.61 
12.69 

9.66 
11.21 
12.32 
14.11 
16.77 

15.29 
16.52 
17.87 
20.75 

24.20 
26.26 
28.44 
32.24 

20.68 
22.86 
24.26 
27.70 

12.80 
14.91: 
15.75 
18. 49 

17.51 
19.95 
21.20 
24.33 

17.82 
20.24 
21.40 
24.75 

13.26 
15.31 
16.76 
19.01 

3. 3 1  
4.32 
4.67 
5.56 

3412. 
3420. 
3396. 
3337. 
3229. 

4151. 
4135. 
4123. 
4082. 
4040. 

5390. 
5345. 
5332. 
5293. 

7300. 
7198. 
7169. 
7076. 

6477. 
6404. 
6369. 
6296. 

4880. 
4855. 
4814. 
4742. 

5875. 
5825. 
5825. 
5753. 

5915. 
5889. 
5 875. 
5794. 

4927. 
4895. 
4976. 
4940. 

2041. 
2080. 
2059. 
2030. 

0. 0.0 
0. 0.0 
0. 0.0 
0 .  0 .0  
0. 0.0 

0 .  0.0 
0 .  0 .0  
0. 0.0 
0. 0.0 
0. 0.0 

0 .  0.0 
0 .  0 .0 
0. 0.0 
0 .  0.0 

0 .  0.0 
0. 0.0 
0 .  0 .0 
0. 0.0 

0. 0.0 
0. 0.0 
0. 0.0 
0. 0 . 0  

0. 0.0 
0. 0 .  0.0 0.0 

0. 0.0 

0. 0.0 
0. 0.0 
0. 0.0 
0. 0.0 

0. 0 .0  
0. 0.0 
0. 0.0 
0 .  0 .0 

0 .  0.0 
0 .  0.0 
0 .  0 .0 
0. 0.0 

0. 0 .0  
0. 0 .0  
0 .  0.0 
0. 0.0 

4 

423. 
354. 
329. 
281. 
228. 

384. 
230. 
299. 
259. 
216. 

315. 
289. 
267. 
220. 

270. 
245. 
226. 
196. 

d 

I3 280. 
251. 
235. 
203. 

3 4  1. 
29 1. 
273. 
229. 

300. 
261. 
24c. 
211. 

297. 
i6C. 
246. 
209. 

332. 
286. 
266. 
232. 

55i. 
431. 
394. 
326. 

c 
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Table C-30 (continued) 

b c 

- 
Run No. T" p,  Psat. Fc. T,. mci Fws Re Tw,in' Tw,outs ATw* Qc* Qw' 9 x 100 "0. 

O F  ps ia  psia gpm O F  lb,,,/hr gpm f t l s e c  "F O r  O F  O F  Btu/hr Btu/hr Q Btu 
hr - ft2 . O F  

E-114-043D 
E-1 14-044D 
E- 114- 045D 
8-1 14-0461) 

8-114-0473 
E- 1 14- 0 48D 
E-114-0490 
E-114-0500 

E-ll.@-OSlD 
8-  1 14- 0 52D 
R-114-053D 
E-114-O54D 

E - l l b 0 5 5 D  
R- 1 l b 0 5 6 D  
8-114-0573) 
E- 1 14- 058D 

E- 11 4- 0590 
8-114-060D 

E- 1 14- 0 6 2D 

E-114-0630 
E-1 14-064D 
8-1 1U-065D 
R-114-066D 

E-1  1b067D 
E-114-068D 
E- 11U-069D 

E-114-061~ 

91.18 
91.57 
91.83 
92.79 

94.23 
95.27 
95.66 
97.14 

93.27 
94.05 
94.53 
96.10 

116.51 
122.82 
126.55 
134.94 

112.63 
116.98 
119.26 
125.14 

96.27 
99 .88 

101.96 
106.37 

104.34 
108.66 
110.82 

39.2 
39.7 
39.7 
40.2 

42.5 
42.0 
42.2 
43.2 

40.7 
41.2 
41.5 
42.7 

58.7 
64.2 
68.2 
77.2 

55.5 
59.2 
61.2 
61.9 

42.7 
45.2 
46.7 
50. 2 

48.7 
52.2 
54.2 

39.6 
39.8 
40.0 
40.7 

41.6 
92.4 
92.6 
43.7 

41.0 
41.5 
41.9 
43.0 

59.3 
65.2 
68.9 
77.8 

55.9 
59.8 
61.9 
67.5 

43.1 
95.7 
47.3 
50.7 

49.1 
52.6 
54.4 
59.3 

0.0385 87.55 27.73 
0.0410 89.38 29.47 
0.0409 89.47 29.37 
0.04JO 89.78 28.72 

0.0662 91.13 47.47 
0.0677 92.18 48.49 
0.0669 92.70 47.87 
0.0663 93.75 47.39 

0.0746 90.96 53.48 
0.0750 91.61 53.73 
0.0744 92.05 53.31 
0.0731 93.18 52.73 

C.3003 113.98 209.12 
0.3015 119.79 208.29 
0.3040 123.40 2C8.99 
0.3074 131.16 209.05 

0.2620 110.66 183.28 
0.2614 114.31 181.98 
0.2630 116.44 182.57 
0.2599 121.60 179.10 

0.1732 94.71 123.68 
0.1735 97.67 123.45 
0.1738 99.67 123.30 
0.1742 103.40 123.00 

0.2216 102.40 156.69 
0.2188 106.43 153.94 
C.220 1 108.24 154.43 
0,2208 113.42 153.90 

23.0 
7 .5  
5 . 2  
3.0 

23.0 
7.5 
5.2 
3.0 

23.0 
7 .5  
5 . 2  
3.0 

23.0 
7 . 5  
5.2 
3.0 

23.0 
1.5 
5.2 
3.0 

23.0 
7 .5  
5.2 
3.0 

23.0 
7.5 
5 .2  
3.0 

14.4 
4.7 
3. 3 
1.9 

14.4 
4.7 
3. 3 
1.9 

14.4 
4.7 
3.3 
1.9 

14.4 
4.7 
3.3 
1.9 

14.4 
4.7 
3.3 
1.9 

14.4 
4.7 
3 .3  
1.9 

14.4 
4.7 
3.3 
1.9 

64552. 
20952. 
14512. 
8389. 

65081. 
21168. 
14680. 
8486. 

63481. 
20636. 
1429 €. 

8278. 

55296. 
18654. 
13203. 
7919. 

5678 1. 
18758. 
13052. 
7747. 

55029. 
18205. 
12711. 
7468. 

55454. 
18473. 

7598. 
12887. 

88.94 
88.41 
88.24 
88.24 

89.65 
89.12 
89.03 
88.85 

87.44 
86.96 
€6.69 
86.65 

75.78 
77.51 
78.58 
80.54 

77.96 
78.09 
77.87 
79.03 

75.55 
76.09 
76.36 
76.98 

16.13 
77.07 
77.16 
78.09 

89.00 
88.74 
88.74 
89.09 

89.70 
89.79 
89.92 
90.44 

87.65 
87.60 
87.73 
88.39 

76.57 
80.19 
82.43 
86.81 

78.56 
80.50 
81.29 
84.71 

76.05 
77.77 
78.60 
80.85 

76.66 
79.09 
79.97 
82.52 

0.0 2.20 
0.0 2.99 
0.0 3.34 
0 .0  4.13 

0.0 4.55 
0.0 5.82 
0.0 6.19 
0.0 7.49 

0.0 5.73 
0.0 6.77 
0.0 7.32 
0.0 8.58 

0.0 40.33 
0.0 43.97 
0.0 46.05 
0.0 51.26 

0.0 34.37 
0.0 37.69 
0.0 39.68 
0.0 43.27 

0.0 20.47 
0.0 22.95 
0.0 24.48 
0.0 27.46 

0.0 27.94 
0.0 30.59 
0.0 32.26 
0.0 36.20 

1491. 
1584. 
1578. 
1540. 

2539. 
2588. 
2553. 
2520. 

2865. 
2874. 
2849. 
2A10. 

10690. 
10448. 10501. 

10247. 

9441. 
9293. 
9277. 
8982. 

6589. 
6531. 
6 696. 
6423. 

8216. 
8001. 
7990. 
7867. 

0 .  0.0 605. 
0.  0 .0  473. 
0. 0.0 422. 
0. 0.0 334. 

0. 0.0 499. 
0. 0.0 398. 
0. 0.0  369. 
0. 0 .0  301. 

0 .  0 .0  448. 
0. 0 .0 3 8 0 .  
0 .  0 .0 348. 
0. 0.0 293. 

0. 0.0 237. 
0. 0.0 214. 
0. 0.0 203. 
0 .  0.0 179. 

0. 0.0 246. 
0. 0.0 221. - 
0. 0.0 186. 

0. 0.0 288. 
0. 0.0 255. 
0. 0 .0  237. 
0. 0.0 209. 

0. 0.0 209. Y 

0. 0.0 263. 
0. 0.0 234. 
0. 0.0 222. 
0. 0.0 194. R-114-070D 116.51 58.7 
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Table C-31. Experimental data f o r  R-114 condensing on tube E 

Run No. T" p, Psat. F,, Tc. iCs F,, ". Re Tw,ins Tw,outs A T ~ s  
O F  psia psia gpm O F  lb,,,/hr gpm f t /sec  O F  O F  O F  

~ 

8-114-0011 
8-114-0021 
R- 114-0031 
R-114-0041 

8- 114- 0051  
8- 114- 0061  
8-114-0071 
R- 114- 0081 

8-114- 0091 
8-1 14-0101 
8- 1 14- 0 1 1 1 
8-114-0121 

8 -1  14-0131 
8-1 14-0141 
R-114-0151! 
8-114-01611 

8- 114-0 1 7 1  
8-114- 0 181  
8- 114-0 191  
R-114-0201 

8-1 14-02111 
R-114-0221 
R-114-023B 
8-1 14-0241 

R-114-025B 
8-114-0261 
8-114-0278 
8-1 14-0281 

R-114-0291 
8-114-0301 
8- 1 14- 0 3  1 1 
8-114-0321 

R-110-0331 
8-114-0341 
8-1 14-0351 
R-114-0361 

8- 1 1 4 -  0371  
E - 1  14-0381 
8-114-0391 
R-114-04011 

R-114-0411 
8-114-0421 
8-114-0431 
R-114-0941 

91.70 
92.79 
93.23 
95 .OS 

89.12 
89 -78 
90.08 
91 .52  

90 .52  
91.35 
91 .61  
93.49 

84.48 
87.55 
88 -95 
93.57 

87.59 
91 -70  
93.57 
98.92 

84 .13  
85 .62  
86.37 
88 .42  

85.36 
87.50 
89.43 
91 .96  

87.29 
90.13 
91 -70 
96.19 

92.70 
95.66 
98 -01  

103.35 

90.35 
93.18 
95.66 

100.88 

81.72 
83 -60 
85.49 
89.08 

00.0 
40.7 
41 .0  
42.2 

38 .2  
38.5 
38.7 
39.7 

39 .0  
39.5 
39.7 
41.0 

34.7 
36.7 
37.7 
40.5 

36.7 
39.2 
46.5 
44.2 

34.7 
35.5 
35.7 
37.2 

35.5 
36.7 
37.9 
39.7 

36.7 
38 .5  
39.7 
42.5 

40.2 
42.2 
43.7 
47.7 

38.7 
40.5 
42.2 
45.7 

33.2 
34.5 
35.4 
37.5 

39.9 
40.7 
41.0 
42.2 

38.2 
38.7 
38.9 
39.8 

39.1 
39.7 
39.9 
41.1 

35.3 
37.2 
38.1 
41.2 

37.2 
39.9 
41.2 
45.0 

35.1 
36.0 
36.5 
37.8 

35.8 
37.2 
38.4 
40.1 

37.0 
38.9 
39.9 
43.0 

40.6 
42.6 
44.3 
48 .3  

39.0 
40.9 
42.6 
46.4 

33.6 
34.8 
35.9 
38.2 

0.0742 
0.0744 
0.0742 
0.0735 

C.0559 
0.0560 
0.0567 
0.0555 

0.0679 
0.0678 
0.0671 
0.0664 

C.lU02 
c.1400 
0.1397 
0.1391 

0.1728 
0.1728 
0.1733 
0.1736 

0.0873 
0.0876 
0.0876 
0.0868 

0.1161 
0.1162 
0.1 1 5 3  
0.1168 

0.1567 
0.1564 
0.1565 
0.1557 

0.1957 
0.1949 
0.1968 
0.1957 

C.1833 
0.1839 
0.1845 
0.1863 

0.1026 
0.1012 
C. 1007 
c.1005 

88.86 53.33 
89.69 53.47 
90.04 53.30 
91.48 52.70 

86.36 40.34 
86.93 40.40 
87.24 40.85 
88.20 39.93 

87.98 48.88 
88.68 48.80 
88 .95  48.29 
90.52 47.64 

82.33 101.64 
85.09 101.17 
86.28 100.80 
90.35 99.84 

85.88 124.70 
89.47 124.19 
91 .31  124.29 
95.88 123.78 

81.45 63.33 
82 .63  63.44 
83.60 63 .41  
85.27 62.70 

83.51 84.06 
85 .09  83.98 
86.67 83.18 
88.90 84 .03  

85.14 113.18 
87.77 112.64 
89.17 112.54 
93.14 111.37 

90 .83  140.44 
93.40 139.36 
95.62 140.38 

100. 40 138.75 

88 .33  131.92 
90.78 131.95 
93.05 131.99 
98 .06  132.49 

79.91 74 .62  
81 .23  73.46 
82.68 72.98 
86.01 72.55 

22.2 17.9 
7 . 5  6 .0  
5 . 2  4. 2 
3 .0  2.4 

22.2 17.9 
7 . 5  6.0 
5 . 2  4 .2  
3 .0  2.4 

22.2 17.9 
7 . 5  6 .0  
5 .2  4.2 
3.0 2. 4 

22.0 17.7 
7 . 5  6 .0  
5 .2  4.2 
3.0 2.4 

22 .0  17.7 
7 . 5  6.0 
5 .2  4 .2  
3.0 2 .4  

21.8 17.6 
7 . 5  6.0 
5 . 2  4 .2  
3.0 2 .4  

21.8 17.6 
7 . 5  6.0 
5 . 2  4.2 
3.0 2.4 

21.8 17.6 
7 . 5  6 .0  
5 . 2  u. 2 
3 . 0  2 .4  

21.8 17.6 
7 . 5  6.0 
5 . 2  4.2 
3 .0  2.4 

21 .8  17.6 
7 . 5  6 .0  
5 . 0  4.0 
3 . 0  2.4 

21.8 17 .6  
7 . 5  6.0 
5 .2  4 .2  
3.0 2. 4 

65358. 
22012. 
15222. 
8814. 

64117. 
21588. 
14928. 

8644. 

64653. 
21763. 
15038. 

8730. 

56144. 
19297. 
13398. 

7869. 

56319. 
19461. 
13530. 

7968. 

5797 1. 
20004. 
13785. 
7966. 

57603. 
19894. 
13900. 
8001. 

56663. 
19592. 
13595. 
7961. 

57666. 
19899. 
13861. 
8096. 

57092. 
19663. 
13170. 

8003. 

55381. 
19227. 
13447. 

7883. 

88.15 
87.62 
87.26 
87.22 

86.51 
86.07 
85.76 
85.76 

87.22 
e€. 69  
86.29 
86.47 

76.18 
76.36 
76.13 
76.71 

76.40 
76.85 
76.71 
71.47 

79.51 
79.43 
78.80 
78.45 

78.94 
78.89 
79.25 
78.45 

77.56 
77.47 
77.20 
77.60 

78.85 
78.45 
78.45 
78.45 

78.05 
77.60 
77.60 
77.78 

75.82 
76.18 
76.67 
77.47 

88.30 
88.30 
88.21 
88.87 

86.68 
86.55 
86.42 
87.03 

87.38 
87.30 
87.12 
88.00 

76.66 
77.77 
78.21 
80.45 

76.93 
78.60 
79.18 
81.68 

79.84 
80.41 
80.06 
80.67 

79 .40  
80.06 
80.94 
81.38 

78.16 
79 .04  
79.44 
81.42 

79.66 
80.54 
81.29 
83.26 

78.87 
79.48 
80.23 
82.08 

76.31 
77.37 
78.25 
79.97 

0.0 
0.0 
0.0 
0.0 

0.0 
0.0 
0.0 
0.0 

0.0 
0.0 
0.0 
0.0 

0.0 
0.0 
0 .0  
0.0 

0.0 
0.0 
0.0 
0.0 

0.0 
0.0 
0.0 
0.0 

0.0 
0.0 
0.0 
0.0 

0.0 
0.0 
0.0 
0.0 

0.0 
0.0 
0 . 0  
0.0 

0.0 
0.0 
0.0 
0.0 

0.0 
0.0 
0 .0  
0.0 

i 

3.47 
4 .83  
5.49 
7 . 0 1  

2 .52  
3.47 
3.99 
5 .13  

3 .22  
4. 36 
4.90 
6 .25  

8.06 
10.49 
11.78 
14.99 

10.93 
13.97 
15.63 
19.35 

4.46 
5 .71  
6.94 
8.86 

6.19 
8 .03  
9.34 

12.05 

9 .43  
11.87 
13.38 
16.67 

2866. 
2867. 
2 856. 
2814. 

2 178. 
2178. 
2202. 
2146. 

2632. 
2624. 
2595. 
2551. 

5534. 
5478. 
5444. 
5346. 

6752. 
6673. 
6655. 
6560. 

3450. 
3447. 
3441. 
3390. 

4570. 
4548. 
4488. 
4513. 

61 31. 
6070. 
6047. 
5934. 

0.  
0 .  
0 .  
0 .  

0 .  
0 .  
0 .  
0 .  

0. 
0 .  
0 .  
0 .  

0 .  
0 .  
0 .  
0 .  

0. 
0. 
0 .  
0 .  

0. 
0 .  
0 .  
0 .  

0. 
0 .  
0 .  
0 .  

0 .  
0 .  
0 .  
0 .  

13. 
16. 
18. 
22. 

45 
17 
1 4  
49 

11.89 
14.64 
16.75 
20.95 

5 .65  
6.83 
8 .03  

10.36 

7533. 
7433. 
7453 I 
7289. 

7107. 
7071. 
7040.  
6995. 

4083. 
4006. 
3966. 
3918. 

0.0 514. 
0.0 370. 
0.0 324. 
0.0 250. 

0.0 538. 
0.0 392. 
0.0 344. 
0.0 261. 

0 .0  510. 
0.0 375. 
0.0 370. 
0 .0  254. 

0.0 428. 
0.0 325. 
0.0 288. 
0.0 222. 

0.0 385. 
0.0 298. 
0 .0  265. 
0.0 211. 

0.0 482. 
0.0 376. 
0.0 309. 
0.0 238. 

0.0 460. 
0 .0  353. 
0 .0  300. 
0.0 233. 

0.0 405. 
0 .0  319. 
0.0 282. 
0.0 222. 

0 .  0 .0  349. 
0. 0.0 286. 
0. 0 .0  256. 
0. 0 .0  202. 

0. 0.0 372. 
0. 0.0 301. 
0. 0.0 262. 
0. 0 .0  208. 

0. 0.0 450. 
0.  0 .0  365. 
0. 0.0 308. 
0 .  0.0 236. 

r c c 
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Table c-32. Experimental data for R-115 condensing on tube A 

- 
c' F\P "' Re Tw,in* Tw,outs ATws AT* %' bQ uO * 

T" P, Psats Fc, Tcs i Run No. 
OF psia psia gpm OF lbm/hr gpm ft/sec OF OF OF OF Btu/hr Btu/hr loo Btu 

hr.ft2soF 
R-1 15-009A 
R-115-0 1 OA 
R-115-011 A 
R-115-012A 

R- 1 15- 0 17A 
9-1 15-01 8 1  
It-115-019A 
R-115-020A 

€2-115-033A 
8-1 15-03UA 
8-115-0 35A 
R-115-036A 

R-115-037A 
R-115- 038A 
R-115-039A 

8-1 15-040A 
R-115-041A 
8-1 15-042A 
8-115-043A 

8-1 15-044A 
R-115-045A 
R-115-0461 
E-1 15-047L 

B-115-048A 
8-115-0491 
R-115-05OA 
8-1 15-05 1 L 

85.79 
86.32 
87.09 
88.14 

85.25 
85.46 
85 -78 
86.63 

97.90 
99.71 
101.e1 
105.11 

102.06 
105.26 
108.33 

98.50 
99.25 
100.11 
102.06 

97.44 
98.94 
99.97 
102.48 

99.77 
100.52 
101.05 
102.72 

151.2 
152.2 
153.7 
156.2 

150.2 
150.7 
151.2 
122.7 

178.7 
183.2 
187.2 
196.7 

189.2 
197.2 
205.2 

180.2 
181.7 
183.7 
188.2 

177.7 
180.7 
183.7 
189.7 

182.7 
184.2 
185.7 
189.7 

150.1 
151.2 
152.8 
155.1 

148.9 
149. 4 
150.0 
151.9 

177.6 
182.0 
186.2 
195.7 

187.9 
196.1 
204.2 

179.1 
180.9 
183.0 
187.9 

176.5 
180.1 
182.7 
188.9 

182.2 
184.0 
185.4 
189.5 

0.0692 83.46 
0.0678 83.99 
0.0671 84.57 
0.0687 85.78 

0.0507 84-09 
0.0515 84.48 
0.0515 84.67 
0.0507 85.28 

0.2052 97.15 
0.2050 98.83 
0.2061 100.43 
0.2100 104.01 

0.2608 101.55 
0.2619 104.41 
0.2712 107.48 

0.1332 97.08 
0.1328 97.88 
0.1342 98.73 
0.1355 100.52 

0.1697 96.74 
0.1706 98.09 
0.1714 99.05 
0.1723 101.32 

0.1040 97.74 
0.1048 98.52 
0.1046 99.05 
0.1056 100.70 

43.87 
42.93 
42.47 
43.38 

32.11 
32.58 
32.57 
32.02 

125.96 
125.31 
125. 47 
126.63 

158.27 
157.79 
162.00 

81.78 
81.36 
82.02 
82.48 

104.26 
104. 48 
104.71 
104.67 

63.74 
64.09 
63.88 
64.26 

22.5 
7.6 
5.2 
3.0 

22.5 
7.6 
5.2 
3.0 

22.0 
7.6 
5.2 
3.0 

22.0 
7.6 
5.2 

22.5 
7.6 
5.2 
3.0 

22.5 
7.6 
5.2 
3.0 

22.5 
7.6 
5.2 
3.0 

18. 1 
6. 1 
4. 2 
2. 4 

18.1 
6. 1 
4.2 
2. 4 

17.1 
6.1 
4.2 
2. 4 

17. 7 
6.1 
4. 2 

18. 1 
b. 1 
4.2 
2. 4 

18. 1 
6.1 
4. 2 
2. 4 

18.1 
6. 1 
4. 2 
2.4 

56120. 
1896 1. 
13052. 
7514. 

5794 3. 
19463. 
13320. 
7708. 

4959 6. 
17229. 
11903. 
7002. 

4786 3. 
16922. 
1 179 5. 

58947. 
19803. 
13583. 
7900. 

5400 5. 
18283. 
12533. 
7296. 

63411. 
21370. 
14645. 
8493. 

74.55 
74.44 
74.80 
74.43 

77.06 
76.52 
76.47 
76.54 

66.76 67.20 
66.78 67.98 
67.2 3 
68.10 

64.16 
65.34 
66.36 

78.33 
77.66 
77.68 
77.96 

71.42 
71.27 
71.19 
71.52 

84.29 
83.91 
83.9 1 
84.05 

68.95 
70.94 

64.70 
66.83 
68.49 

78.64 
78.46 
78.82 
79.82 

71.78 
72.28 
72.60 
73.91 

84. 54 
84.54 
84.80 
85.53 

74.74 

75.45 
75.51 

77.20 
76.86 
76.96 
77.36 

74. a8 
11.15 
11.65 
11.96 
13.17 

8.12 
8.77 
9.07 
9.68 

1678. 
1638. 
1615. 
1642. 

1231. 
1248. 
1246. 
1220. 

0.15 
0.42 
0.64 
1.06 

0.11 
0.32 
0.48 
0.81 

0.43 30.92 
1.19 32.33 
1.73 
2. 84 

0.52 
1.48 
2.13 

0.27 
0.79 
1.13 
1.85 

0.34 
1.02 
1-44 
2.38 

0.21 
0.62 
0.89 
1.48 

33.32 
35.59 

37.63 
39.18 
40. 90 

20.02 
21.20 
21.86 
23.17 

25. 8Q 
27.16 
28.06 
29.77 

15.36 
16.30 
16.70 
17.93 

4552. 
4487. 
4 453. 
4405. 

5597. 
5 484. 
5533. 

2946. 
2920. 
2931. 
2917. 

3776. 
3756. 
3 744. 
3693. 

2282. 
2285. 
2271. 
2 265. 

1684. 
1592. 
1673. 
1594. 

1223. 
1202. 
1256. 
1206. 

4771. 
45 30. 
4498. 
42 56. 

57 38. 
5624. 
5521. 

3008. 
2991. 
2937. 
2766. 

3789. 
3862. 
3744. 
3569. 

2312. 
2362. 
2309. 
2209. 

-2.8 0.3 134. 144. 

3.6 129. 
-2.9 119. 

-0.6 145. 
-3.7 136. 
0.8 131. 

-1.2 120. 

4.8 141. 
1.0 133. 
1.0 128. 

-3.4 118. 

2.5 142. 
2.6 134. 

-0.2 129. 

2.1 141. 
2.4 132. 
0.2 128. 

-5.2 120. 

0.3 wa. ._ . .. 

2.8 132. 
-0.0 127. 
-3.4 118. 

1.3 142. 
3.4 134. 
1.6 130. 

-2.5 121. 

k w I.' v c c 
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Table C-33. Experimental data for R415 condensing on tube D 

- 

Run No. T"* P s  PSats Fcs TC, ic, Fws "' Re Tw,in* Tw,out* ATw* ns Qc. Qw. g ,oo 
OF psia psla gpm OF lbdhr gpm ft/sec O F  O F  O F  O F  Btu/hr Btu/hr Q Btu 

hr.ft2."F 

A - 1  15uU3D 
R- 1 15- 00 6D 
R-115-OO7D 
R- 115-008D 

E-115-0090 
8-1 15- 01 OD 
E-1 15- 01 1D 
E-1 15- 0 120 

R-115-0130 
1-1 15-0160 
It-1 15- 0 15D 
8- 115- 016D 

E-1 15-017D 
8-1 15- 01 8D 
E-1 15-019D 
R-115-020D 

E-115-021D 
8-115-0220 
8-113-6231) 
E-1 15-0240 

B-115-025D 
R- 115-026D 
B- 1 15- 027D 
8-1 15-0281) 

R-115-029D 
E-115-030D 
E-115-0311) 
R- 1 15-  0 3 2D 

8-115-033D 
E- 115- 0 34D 
8-1 15-0350 
B - 1 1 5 -  036D 

8-115- 037D 
8- 115-038~ 
E- 1 15- 039D 
E-115-0401) 

8- 115- 0 4 1 D  
8-115-01120 
8-115-0130 
E-1 15-0140 

8-1 15-045D 

100.54 

101.58 
102.83 

101.10 
101.41 
101.76 
102.42 

96.21 
98.12 
99.67 

102.89 

99.37 
100.26 
101.10 
102.74 

95.24 
98.31 
99.99 

104.07 

101.70 
101.87 

102.61 

97.98 
99.41 

100.40 
102.44 

100.26 
100.68 
101.32 
102.79 

95.58 
98.60 

100.97 
105.06 

99.27 
100 -40 
101.74 
103.52 

99.51 

100.93 

102.06 

183.7 
184.7 
186.2 
189.2 

185.2 
185.7 
186.7 
188.7 

173.2 
177.7 
181.7 
189.7 

180.7 
183.2 
185.2 
189.2 

171.2 
178.7 
182.7 
192.7 

ie6.7 
187.2 
187.7 
188.7 

177.7 
181.2 
183.7 
188.7 

183.2 
184.2 
185.7 
189.2 

171.7 
179.2 
184.7 
195.2 

180.7 
183.2 
186.7 
191.2 

181.7 

184.1 
185.0 
186.7 
189.8 

185.5 
186.2 
187.1 
188.8 

173.5 
178.1 
181.9 
190.0 

181.2 
183.4 
185.5 
189.6 

171.2 
178.6 
182.7 
193.0 

187.0 
187.4 
187.9 
189.3 

177.8 
181.3 
183.7 
188.8 

183.4 
184.4 
186.0 
189.7 

172.1 
179.5 
185.1 
195.6 

180.9 
183.7 
187.1 
191.6 

181.5 

0.0812 97.86 09-75 
0.0820 98.19 50.19 
0.0825 99.11 50.39 
0.0829 100.27 50.47 

0.0611 97.90 37.42 
0.0621 98.21 38.00 
0.0627 98.62 38.33 
0.0623 99.21 38.02 

0.2052 95.56 126.46 
0.2058 97.27 126.29 
0.2090 98.81 127.77 
0.2105 101.80 127.70 

0.1264 97.94 
0.1272 98.73 
0.1273 99.57 
0.1272 101.09 

0.2421 94.87 
0.2475 97.72 
0.2493 99.37 
0.2566 103.17 

77.46 
77.74 
77.67 
77.27 

149.46 
151.68 
152.15 
155.10 

0.0482 98.60 29.49 
0.0492 98.79 30.09 
0.0496 99.01 30.31 
0.0494 99.55 30.14 

0.1741 97.27 106.87 
0.1747 98.56 106.85 
0.1763 99.45 107.59 
0.1762 101.32 107.03 

0.1051 98.25 64.36 
0.1043 98.79 63.78 

0.1062 100.82 64.59 

0.2657 94.98 163.98 
0.2694 97.90 165.07 
0.2759 100.15 168.07 
0.2808 103.96 169.36 

0.1516 97.72 92.92 
0.1535 98.85 93.82 
0.1555 100.29 94.72 
0.1551 101.87 94.05 

0.3027 98.93 184.95 

0.1051 99-31 60.17 

23. 1 
7.6 
5.2 
3.0 

23. 1 
7.6 
5.2 
3.0 

23. 1 

5.2 
3.0 

23. 1 
7.6 
5.1 
3.0 

23.0 
7.6 
5.2 
3- 0 

23.1 
7.6 
5.2 
3.0 

23.1 
7.6 
5.2 
3.0 

23.1 
7.6 
5.2 
3.0 

23.0 
7.6 
5.2 
3.0 

23.1 
7.6 
5.2 

7 . 6  

3.0 

23.0 

14.5 
4.8 
3.3 
1.9 

14. 5 
4.8 
3.3 
1.9 

1 4. 5 
4. 8 
3.3 
1.9 

14.5 
4.8 
3.2 
1.9 

14. 4 
4.8 
3.3 
1.9 

14.5 
4.8 
3.3 
1.9 

14.5 
4.8 
3. 3 
1.9 

14.5 
4.8 
3.3 
1.9 

14.4 
4.8 
3.3 
1.9 

1 4.5 
4.8 
3.3 
1.9 

14. 4 

69109. 
22649. 
15528. 

9012. 

70896. 
23262. 
1591 5. 
9194. 

56076. 
18524. 
1272 4. 
741 2. 

64621. 
21234. 
14273. 
8438. 

52264. 
17460. 
11988. 
7000. 

72266. 
23680. 
16185. 
9346. 

59863. 
19698. 
13490. 
7808. 

67199. 
21994. 
15076. 
8734. 

50837. 
16999. 
11708. 
6833. 

62815. 
2060 1. 
14165. 
8221. 

51398. 

94.46 
93.97 
94.09 
94.36 

96.92 

96.48 
96.42 

76.71 
76.63 
76.66 
76.78 

96. 57 

88. 56 
88.20 
88.17 
88.23 

71.47 
71.95 
71.86 
72.04 

98.69 
98.22 
98.06 
97.99 

81.98 
81.65 
81.49 
81.25 

91.97 
91.32 
91.34 
91.41 

69.3 9 
69.74 
69.87 
69.94 

86.12 
85.57 
85.77 
85.87 

70.17 

94.66 
94.46 
94.75 
95.51 

97.09 
96.95 
97.03 
97.33 

77.15 
77.87 
78.46 
79.86 

88.83 
88.97 
89.28 
90.07 

72.00 
73. 42 
74.04 
75.69 

98.82 
98.55 
98.51 
98.74 

82.35 
82.69 
83.00 
83.78 

92.20 
91.93 
92.23 
92.89 

69.95 
71.36 
72 23 
73.88 

86.45 
86.46 
87.09 
87.99 

70.80 

0.16 5.98 
0.49 6.71 
0.71 7.18 
1.15 7.90 

0.12 4.09 
0.38 4.65 
0.55 5.01 
0.91 5.54 

0.41 19-27 
1.22 20.87 
1.78 22.11 
3.06 24.57 

0.22 10.68 

1-09 12.37 
1.83 13.59 

0.50 23.50 
1.47 25.63 
2.16 27.04 
3.64 30.21 

0.09 2.95 
0.32 3.49 
0.44 3.77 
0.75 4.25 

0.33 15.82 
1.03 17.21 
1.50 18-15 
2.53 19.93 

0.18 8.17 
0.59 9.06 
0.88 9.54 
1.47 10.64 

0.53 25.91 
1.61 28.13 
2.35 29.92 
3.94 33.15 

0.75 11.67 

0128 12.39 
0.90 14.38 
1.33 15.31 
2.10 16.59 

0.59 29.03 
1-77 31.71 
2-55 33.42 

1774. 
1786. 
1787. 
1778. 

1330. 
1349. 
1358. 
1342. 

4609. 
4559. 
4576. 
4496. 

2778. 
2776. 
2761. 
2723. 

5473. 
5470. 
5440. 
5426. 

1045. 
1065. 
1072. 
1063. 

3860. 
3832. 
3839. 
3778. 

2298. 
2272. 
2278. 
2276. 

5995. 
5942. 
5978. 
5893. 

3335. 
3347. 
3355. 
3300. 

6629. 
6633. 
6652. 

1795. 1.2 
1859. 4.1 
1828. 2.3 
1715. -3.5 

1390. 4.5 
1444. 7.0 
1422. 4.7 
1356. 1 . 1  

0725. 2.5 
4641. 1.8 
4615. 0.9 
4581. 1.9 

2577. -7.2 
2835. 2.1 
2776. 0.6 
2728. 0.2 

5735. 4.8 
5562. 1.7 
5608. 3.1 
5451. 0.5 

1068. 2.2 
1221. 19.6 
1140. 6 .4  
1120. 5.4 

3837. -0.6 
3905. 1.9 
3891. 1 . 4  
3788. 0.3 

2059.- 10.4 
2230. -1.9 
2266. -0.5 
2199. -3.3 

6148. 2.6 
6129. 3.2 
6106. 2.1 
5902. 0.1 

265. 
238. 
223. 
201. 

291. 
260. 
242. 
216. 

214. 
195. 
185. 
164. 

23 3. 
213. 
200. 
179. 

208. 
191. 
180. 
16 1. d 

317. 
273. 
254. 

Y 

, 224. 

, 218. 
199. 
189. 
170. 

252. 
224. 
214. 
191. 

207. 
189. 
179. 
159. 

3267. -2.0 
3426. 2.3 

1 230. 
208. 

3437. 2.4 196. 
3142. -4.8 178. 

6815. 2.8 204. 
6729. 1.4 187. 
6625. -0.4 178. 

8-115-0461) 103.22 190.2 190.8 0.3117 102.48 188.73 7.6 4.8 17217- 70.62 72.39 
R-115-0r170 105.52 196.7 196.7 0.3184 104.65 191.67 5.2 3.3 11854. 70.81 73.38 
8-1150480 111.05 211.2 211.6 0.3351 110.05 198.77 3.0 1.9 6933. 70-93 75-34 4.10 37.91 6682- 6580. -1.5 158. 



Table C-34. Experimental data for R-115 condensing on tube D1 

- 
Run No. TV Ps PSats Fcs T c s  6,. Fws v s  Re Tw,ins Tw,outD ATws AT s Qc. $3 ax 100 "0.  

OF OF "F OF Btu/hr Btu/hr Q Btu O F  psia psia gpm O F  lb,,,/hr gpm ft/sec 
hr.ft2.0F 

8-115-001D1 99.19 
8-115-002D 1 100.56 
R-115-003D1 101.49 
8-115-004D1 103.37 

8-115-005D1 100.77 
8-1 15- 006D 1 100.9 1 
R-115-007D1 101.24 
8-115-00801 102.00 

R- 115- 009D1 98 . 64 
8-115-010D1 104.16 
R-115-011Dl 105.95 
R-115-012D1 110.08 

R-115- 0 13D 1 100.73 
R-115-014D1 101 -26 
R-115-015Dl 101.87 
R-115-016Dl 103.11 

8-115-017Dl 97.22 
R-115-018Dl 98.86 
R-115-019D1 100. f7 
8-115-020D1 102.85 

R-115- 02101 100.26 
R-115-O22Dl 101.18 
R- 115-0231) 1 101.9 1 
R-115-024D1 103.28 

8-115-02581 95.89 
8-115-026D1 98.82 
R-115-027D1 100.40 
8-115-028Dl 104.36 

8-1 15- 029D 1 101.55 
E-ll5-630Dl 101.81 
R-115-031Dl 102.17 
8-1 15-032D1 102.79 

180.7 
184.2 
186.7 
191.2 

184.7 
184.7 
185.7 
187.7 

179.7 
189.2 
197 . 7 
209.7 

184.7 
185.7 
187.2 
190.2 

176.2 
179.7 
183.2 
189.7 

183.2 
185.2 
187.7 
190.7 

172.7 
179.7 
183.7 
193.7 

186.7 
186.7 
187.7 
189.2 

180.7 
184.1 
186.4 
191.2 

184.6 
185.0 
185.8 
187.7 

179.4 
193.2 
197.9 
210.0 

184.5 
185.9 
187.4 
190.5 

176.0 
179.9 
183.2 
189.9 

183.8 
185.7 
187.5 
191.0 

172.8 
179.8 
183.7 
193.8 

186.6 
187.2 
188.1 
189.7 

0.1504 98.17 92.08 
0.149R 99.39 91.43 
0.1498 100.25 91.23 
0.1512 10204 91.67 

0.0627 97.71 38.45 
0.0631 97.99 38.65 
0.0634 98.32 38.82 
0.0642 99.17 39.19 

0.3027 98.25 185.27 
0.3259 103.67 196.68 
0.3285 105.31 197.38 
0.3371 109.62 200.18 

0.0965 98.69 58.99 
0.0961 99.07 58.69 
0.0971 99.65 59.20 
0.0976 100.78 59.36 

0.1963 96.55 120.70 
0.1962 98.07 120.15 
0.1986 99.39 121.24 
0.1995 101.80 121.00 

0.1286 98.77 78.64 
0.1282 99.57 78.23 
0.1288 100.33 78.42 
0.1292 101.45 78.41 

0.2513 95.45 154.92 
0.2534 98.23 155.15 
0.2543 99.79 155.04 
0.2604 103.57 157.19 

0.0448 97.94 27.44 
0.0444 98.13 27. 18 
0.0446 98.50 27.27 
0.0447 99.09 27.33 

23.0 14.4 
7.0 U.6 
5.2 3.3 
3.0 1.9 

23.1 14.5 
7.6 4.8 
5.2 3.3 
3.0 1.9 

23.0 19.4 
7.6 4.8 
5.2 3.3 
3.0 1.9 

23.1 14.5 
7.6 4.8 
5.2 3.3 
3.0 1.9 

23.0 14.4 
7.6 4.8 
5.2 3.3 
3.0 1.9 

23.1 14.5 
7.6 4.8 
5.2 3.3 
3.0 1.9 

23.0 14.4 
7.6 4.8 
5.2 3. 3 
3.0 1.9 

23.1 14.5 
7.6 4.8 
5.2 3.3 
3.0 1.9 

62657. 
2021 5. 
18253. 
8259. 

70807. 
23179. 
15858. 
91 53. 

50947. 
17147. 
11792. 
6865. 

6836 1. 
22465. 
15391. 
8907. 

57659, 
19120. 
13095. 
7616. 

65499. 
21548. 
14757. 
8535. 

52397. 
17520. 
12032. 
7013. 

72686. 
2389 1. 
16364. 
9458. 

86.28 
86.22 
86.31 
86.28 

96.81 
96.24 
96.14 
96.00 

69.52 
70.29 
70.26 
70.19 

93.48 
93.21 
93.19 
93.19 

79.27 
79.18 
79.05 
79.09 

89.71 
89.47 
89.38 
89.22 

71.78 
72.19 
72.14 
72.19 

99.22 
99.06 
99.10 
99.14 

86.60 
87.12 
87.60 
88.38 

96.97 
96.63 
96.71 
96.93 

70.14 
72.11 
72.90 
74.57 

93.71 
93.78 
94.02 
94.57 

79.69 
80.34 
80.64 
81.90 

89.99 
90.22 
90.48 
91.06 

72.31 
73.69 
74.31 
75.81 

99.36 
99.34 
99.50 
99.80 

0.27 12.75 
0.91 13.89 
1.30 14.54 
2.08 16.04 

0.12 3.87 
0.40 4.4R 
0.56 4.81 
0.94 5.53 

0.59 28.81 
1.82 32.96 
2.63 34.37 
4.37 38.10 

0.18 7.13 
0.57 7.77 
0.83 8.26 
1.38 9.23 

0.38 17.74 
1.14 19.09 
1.57 20.33 
2.80 22.36 

0.24 10.40 
0.73 11.33 
1-08 11.98 
1.83 13.14 

0.49 23.85 
1-49 25.88 
2.16 27.17 
3.61 30.36 

0.10 2.27 
0.27 2.61 
0.40 2.87 
0.65 3.32 

0.15 5.18 
0.44 5.69 
0.65 6.02 
1.09 6.85 

3 306. 
3259. 

3219. 

1369. 
1375. 
1379. 
1387. 

6670. 
6877. 
6833. 
6752. 

2101. 
2085. 
2096. 
2088. 

4 377. 
4321. 
4331. 
4261. 

2808. 
2780. 
2 776. 
2755. 

5655. 
5581. 
5531. 
5490. 

973. 
962. 
964. 
963. 

1646. 
1630. 
1622. 
1629. 

3236. 

3116. -5.7 
33r(7. 2.7 
3372. 4.2 
3109. -3.4 

1378. 0.7 
1497. 8.8 
1456. 5.6 
1396. 0.7 

6757. 1.3 
6900. 0.3 
6833. -0.0 
6543. -3.1 

2094. -0.3 
2142. 2.8 
2147. 2.4 
2059. -1.4 

4372. -0.1 
4337. 0.4 
4086. -5.7 
41%. -1.5 

2727. -2.9 
2767. -0.5 
2805. 1.1 
2730. -0.9 

5680. 0.4 
5645. 1.2 
5598. 9.2 
5406. -1.5 

1103. 13.3 
1032. 7.2 
1024. 6.2 
977. 1.5 

R-115-033Dl 100.75 184.7 184.6 0.0756 98.71 46.21 23.1 1U.5 69884. 95.07 95.65 
8-115-034D1 101.35 185.7 186.1 0-0752 99.13 45.91 7.6 4.8 23015. 95.43 95-67 
~-1is-035~1 101.97 187.7 187.7 0.0752 99.77 45.83 5.2 3.3 15801. 95.63 96.28 
R-115-036D1 103.04 190.2 190.4 0.0761 100.64 46.31 3.0 1.9 9126. 95.65 96.75 

1680. 2.1 
1669. 2.4 
1676. 3.3 
1633. 0.3 

232. 
210. 
199. 
179. 

316. 
27 5. 
256. 
224. 

207. 
187. 
17R. 
159. 

264. 
240. 
227. 
20 2. 

221. 
202. 
19 1. 
170. 

24 1. 
219. 
207. 
188. 

212. 
193. 
18 2. 
16 2. 

384. 
330, 
30 1. 
259. 

d 

3 

284. 
256. 
24 1. 
21 3. 

Y c c 



Table C-35. Experimental data for R-115 condensing on tube E 

Run No. T V  * P, Psats Fc, Tc, ic, Fw. '* Re Tw,ins Tw,out* n, Qc. Qw. g x 100 "0 .  * O F  OF Btu/hr Btu/hr Q OF psia psia gpm OF lbdhr gpm ft/sec OF O F  

8-115-005E 98.45 178.7 178.9 0.2573 97.76 157.69 22.5 18.1 62742. 83.26 83.81 0.51 14.91 5683. 5736. 0.9 237. 
8-115-0063 100.73 184.2 184.5 0.2617 99.91 159.53 7 .6  6.1 21144. 82.57 84.12 1-54 17.38 5682. 5854. 3.0 204. 
8-115-0071 102.40 188.2 188.7 0.2628 101.49 159.54 5 - 2  4.2 14517. 82.51 84.75 2.24 18.77 5632- 5816. 3.3 187. 
R-115-008E 106.56 199.2 199.5 0.2712 105.38 162.9'4 3.0 2.4 8485. 82.87 86.55 3.68 21.85 5622. 5509. -2.0 160. 

R-115- 0091 
R-115-010E 
8-1 15- 0 1 1 E 
R-115- 0 12 E 

R-115-  01 7E 
8- 1 15- 0 18Z 
R- 1 15-  0 19E 
R-115-O2OE 

100.74 
101.32 
101.93 
103.09 

99.77 
101.12 
102.08 
104.52 

184.7 
185.7 
187.2 
190.2 

182.2 
185.2 
187.7 
193.7 

184.6 
186.0 
187.6 
190.5 

182.2 
185.5 
187.9 
194.2 

0.100 1 
0.0995 
0.1005 
0.1009 

0.1874 
6.1884 

0.1900 
0.1880 

98.65 
99.13 
99.79 

100.91 

98.73 
100.03 
100.87 
103.17 

61.23 
60.78 
61-30 
61.35 

114.58 
114. 81 
114.32 
114.83 

22.7 18.3 
7 .6  6.1 
5.2 4.2 
3.0 2.4 

22.7 18.3 
7 .6  6.1 
5.2 4 .2  
3.0 2.4 

73767. 
24644. 
1687 1. 
9741. 

68700. 
2292 1. 
15698. 

9103. 

96.94 
96.57 
96.50 
96.29 

90.40 
89.74 
89.59 
89.54 

97.18 
97.16 
97.33 
97.68 

90.80 
90.85 
91.18 
92.11 

0.18 3.67 
0.57 4.46 
0.83 5.02 
1.38 6.10 

0.36 9.17 
1.11 10.82 
1.59 , 11.70 
2.57 13.69 

2181. 
2158. 
2170. 
2 158. 

4102. 
4081. 
4 043. 
0008. 

2021. 
2154. 
2151. 
20 57. 

4081. 
4194. 
4128. 
3839. 

-7.3 370. 
-0.2 302. 
-0.8 269. 
-4.7 220. 

-0.5 279. 
2.8 235. 
2.1 215. 

-4.2 182. 

R-115-0211 96.86 175.2 175.1 0.2866 96.37 176.29 22.5 18.1 59461. 78.87 79.49 0.58 17.68 6404. 6566. 2.5 226. 
8 -115022E 99.75 182.2 182.1 0.2921 99.13 178.41 7.6 6. 1 20168. 78.64 80.38 1.73 20.24 6387. 6567. 2.8 197. 
R-115-023E 101.10 185.2 185.5 0.2945 100.43 179.25 5 . 2  4.2 13734. 77.89 80.37 2.46 21.97 6372. 6392. 0.3 181. 
R-115-024E 105.88 197.2 197.7 0.3049 104.97 183-36 3 .0  2.4 8019. 77.99 82.20 4.20 25.79 6351. 6284. -1.0 153. 

R-115025B 101.70 186.7 le7.0 0.1408 100.27 85.73 22.7 18.3 72765. 95.52 95.84 0.26 6.02 3038. 2906. -4.4 314. 
R-115-026E 102.27 188.2 188.4 0.1411 100.93 85.80 7.6 6.1 24184. 94-61 95.44 0.81 7.25 3031. 3055. 0.8 260. 

R-115028E 104.81 194.7 194.9 0.1445 103.35 87.29 3.0 2 .4  9564. 94.20 96.17 1.96 9.63 3042. 2936. -3.5 197. 
R-115-027E 102.94 190.2 190.1 0.1424 101.55 86.45 5.2 4.2 16519. 91.27 95.47 1.20 8.07 3043. 3100. 1-9 235- 

R-115-029E 95.49 
8-115-0303 99.35 
8-1 15- 03 12 102.19 
R-115-0321! 108.33 

R-115-033E 99.19 
8-115-0341 101.10 
R-115-O35B 102.38 
8-115-036E 105.61 

171.7 
181.2 
187.7 
203.2 

180.7 
185.7 
188.7 
196.7 

171.8 
181.1 
188.2 
204.2 

180.7 
185.5 
188.7 
197.0 

0.3419 95.27 210.86 22.5 
0.3515 98.95 214.79 7.6 
0.3586 101.74 217.54 5.2 
0.3781 107.68 225.72 3.0 

0.2165 98.48 132.46 22.5 
0,2184 100.33 132.99 7.6 
0.2203 1Ol.51 133.74 5.2 
0.2238 104.59 134.72 3.0 

18. 1 54671. 72.28 73.02 0.71 22.85 
6.1 18625. 72.26 74.33 2.08 26.06 
4.2 12837. 72.34 75.36 3.02 28.34 
2.4 7534. 72.64 77.71 5.07 33.15 

18.1 65850. 87.49 87.95 0.41 11.47 
6.1 22236. 87.04 88.35 1.30 13.40 
4.2 15230. 86.87 88.70 1.83 14.60 
2.4 8848. 86.82 89.93 3.10 17.23 

7712. 
7705. 
7688. 
7710. 

4756. 
4727. 
4722. 
4673. 

7981. 
7 8 E .  
7847. 
7588. 

4606. 
4925. 
4750. 
4636. 

3.5 
2.2 
2.1 

-1.6 

-3.1 
4.2 
0.6 

-0.8 

210. 
184. 
169. 
145. 

258. 
220. 
202. 
169. 

8-115-037E 94.89 170.2 170.4 0.3621 94.67 223.68 22.5 18.1 53054. 69.88 70.67 0.76 24.62 8205. 8544. 4.1 208. 
R-115-038E 99.37 180.7 181.2 0.3692 98.89 225.64 7.6 6.1 18278. 70.66 72.85 2.19 27.62 8093. 8328. 2 .9  183. 
R-115-039E 102.70 188.7 189.5 0.3806 102.16 230.65 5 . 2  4.2 12621. 70.98 74.13 3.15 30.14 8129. 8171. 0.5 168. 
R-115-04OE 109.54 206.7 207.5 0.4005 108.75 238.41 3.0 2.4 7493. 72.10 77.39 5.29 311.80 8086. 7914. -2.1 145. 

R-115-04lE 96.28 173.2 173.7 0.4025 95.90 2P7.83 22.5 18. 1 51945. 68.29 69.14 0.82 27.57 9029. 9241. 2.4 204. 
R-115-042E 102.23 187.7 188.3 0.9206 101.78 255.10 7.6 6.1 17985. 69.34 71.74 2.41 31.69 9014. 9140. 1 .4  177. 
8-115-04311 106.07 197.7 198.2 0.4351 105.52 261.32 5 .2  4.2 12487. 69.89 73.38 3.49 34.54 9041. 9065. 0.3 164. 
R-115-044E 113.47 217.7 218.3 0.4568 112.74 268.85 3.0 2.4 7451. 71-42 77.23 5.81 39.15 8905. 8691. -2.4 142. 
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6h'hL 
ZE 'hL 
LE'QL 
6E YL 

lS.88 
E E'68 
BE '68 
91'68 

9E'Lb 
COOL6 
1 1 'L6 
L8 'L6 

'L9E8 
'68hflL 
'LLZLZ 
'9SLE9 

'9hh6 
'SO091 
'hh00Z 
'91ZfL 

'8689 
'86Lll 
'ESLLL 

'S hLOS 
'LS811 
'Z8LLl 
'LBLOS 

'6608 
'L96C L 
'1 SEOZ 
'00809 

'LZZ6 
'OS 65 1 
'O9ZEZ 
'hhSOL 

'69LL 
'69EEl 
'E6h61 
'E hE85 

'86Z6 
'SSl9L 
'f69EZ 
'LlLZL 

'69hL 
'OlBZl 
'E h98 L 
'1 595s 

'E LL8 
'EBZSL 
-1 Of ZZ 
'LLSL9 

'6196 
'E6S91 
'9EZhZ 
'E98t L 

2 '2 
E'f 
5 '5 
9-91 

z '2 
b 'f 
S 'S 
8'9L 

z '2 
8 *E 
s 'S 

9 '91 
8 'E 
; '5 
9'9L 

2 '2 
6 'E 
s -s 
9-91 

z '2 
8 'E 
s 'S 
8'91 

z '2 
8 'E 
s 'S 
9'91 

2 '2 
8 *E 
s '5 
8'91 

z '2 
8 'E 
s '5 
9'91 

z 'Z 
8 'E 
s 'S 
8'91 

2 '2 
8'E 
$ '5 
8'91 

O'E 
Z'S 
9'L 
8 'ZZ 

0 -E 
z '4 
9 'L 
O'EZ 

O'E 
z '5 
9 'L 

8'ZZ 
z '5 
9'L 
8'ZZ 

O'E 
z 'S 
9'L 
8 '22 

O'E 
z 'S 
9'L 
0 'EZ 

0-E 
2 '4 
9'L 
8'ZZ 

0-E 
z '5 
9'L 
o -Et 

o -E 
z 'S 
9'L 
8 'ZZ 

0 'E 
z '5 
9 'L 
O'EZ 

O'E 
Z'S 
9'L 
0 'tZ 

6L'LOL 25201 1891'0 
EZ'LOl 99'OOL h991'0 
9L'OOl Eb-66 ES91'0 
CC'LOL L9'86 6S91'0 

Z8'SC L9'66 LSLO'O 
Zf'Sh 56'86 EhLO'O 
64'Sf E8-86 LhLO'O 
SB'SC BS'86 OSLO'O 

SE'E81 SE'96L 090E'O 
68'8LL 6S'lOl 8062'0 
66'4LL EZ'66 6682'0 

lh TLl DL'S6 LCBZ'O 
tb'LOZ LB'YOL SLCE'O 
El 'LO2 LL'EOL LZEC'O 
Z8'86L 18-86 ESZE'O 

09 '8 1 L LS 'L 01 h9 6 L '0 
LE'811 ZZ'LO1 6h61'0 
21'811 L8'66 Eh61-0 
22'811 98'L6 6261'0 

lS'89 s9-201 ZELL'O 
00'69 9Z'lOL 9ELl'O 
16'89 Lh'OOl ZELL'O 
92-69 E1'66 AELL'O 

49 'ZE 1 9b 'E 01 OOZZ'O 
LC'OEl Z4'001 hhLZ'0 
9h.621 6L.86 BLLZ'O 
BO'OEL lb'96 8LLZ'O 

LL'SS LO'OOL 5060'0 
41'SS LZ'66 €060'0 
OC'SS LE'66 L060'0 
OZ'SS Eb'86 E060'0 

LO'ESL trO'SOL IrhSZ-0 
R6'0SL LO'LOL C8CZ-0 
Z9'8hL E0'66 EECZ'O 
BL'8hl 89'96 LZhZ'O 

bZ'L8 LZ'ZOL Lfhl'O 
E6'LB 99'101 6hbl'O 
6h'L8 09'OOL 8Ehl'O 
6C-98 61'66 9111'0 

EL'Oh lL'(r6 9S90'0 
EL'OQ 8h'L6 hS90'0 
LL'Oh 8C'Lb S990'0 
€6'01, Ll'L6 L990'0 

8'Z61 
S'L81 
C'S81 
O'Z81 

0'68L 
O'L81 

z '981 

C'LOZ 
s '881 
C 'Z81 

E 'ELL 
(I 'ZOZ 
L'Z61 
S'LBL 

C'S6l 
8 '881 
E '5481 
c '081 

E'S61 
0'261 
9'681 
6'981 

E'S61 
8'98L 
h'Z81 
fi 'LLL 

LO681 
L'L8L 
E'L8L 
E '981 

0'661 
9'881 
z 'E 81 
6'9Ll 

6'E6L 
h'L61 
L '88L 
Z'S8L 

L-gai 

9.681 

L-sa t 

9'981 
8'581 

Z'Z6l 
L'L8L 
Z'S81 
L'l8L 

L'88L 
L'981 
Z'981 
L'SBL 

z '102 
z - 881 
Z'Z81 

Z'ELL 
L'LOZ 
L't6l 
Z'181 

Z'SCL 
L'881 
z 'SBL 
L'6Ll 

Z'S61 
L'L61 
L'68L 
L'981 

Z'S61 
L'98L 
Z'Z81 
Z'LLL 

2'681 
L'L81 
Z'LBL 
Z'981 

L'861 
L.881 
Z'EBL 
L'9Ll 

L't61 
Z'161 
L'881 
Z'S81 

2'681 
2'98L 
L 'S81 
Z'S81 

66'EOL 
16'101 
so- 101 
LL'66 

1S'ZOl 
ZL'lOL 
8s' LO1 
6E'lOl 

LZ'LOl 
6Z'ZOL 
S8'66 

60'96 
89'LOl 
h6'fOL 
6f-66 

66'COl 
Zh'ZOl 
EO'LOL 
Z6'86 

Sl'SOl 
89'EOl 
CL'ZOL 
99'101 

Sl'SOl 
Z9'lOL 
L8'66 
EB'L6 

6L'ZOl 
L6'101 
C8'101 
Et' LOL 

LE '901 
hE'ZO1 
61 '001 
09'L6 

Lb'fOl 
9h'EOl 
OC'ZOL 
66'001 

hL'ZO1 
ES'LOL 
hZ'lO1 
OZ' 101 

dLhO-Sl 1-8 
d9b0-Sll-8 
dSbO-SLL-8 
dhhO-Sl 1-8 

dChO-SLL-8 
dZb0-Sll-8 
dlhO-Sll-8 
dOC0-SL 1-8 

d6f 0-51 1-8 
d8E 0 -Sl 1-8 
dLCO-Sl 1-8 

d9E 0 -S 1 1-8 
dSEO-Sl 1-8 
dhEO-SL 1-8 
IEEO-SLL-x 

dZEO -Sl 1-8 
dl EO-Sl L -B 
d0E 0 -SL 1 -8 
d6ZO-Sll-8 

d8z0 -SLl -8 
dLZO-Sll-I 
d9ZO-Sl 1-8 
dSZO-Sll-X 

dh 20 -Sl 1 -8 
dE 20-Sl 1-8 
dZZO-Sl 1-t? 
dlZ0-Sll-8 

1020-Sll-8 
d610-SLl-8 
d8 10-51 1-8 
dLLO-Sll-X 

d9 1 0 -S 1 1 -8 
dSlO-Sll-8 
dClO-Sll-8 
dClO-Sll-t? 

dZlO-Sl L-1 
11 LO-Sl L-8 
do 1 0 -Sl 1-B 
d600-Sll-8 

d h001 -SL -U 
dEOO-Sl 1-8 
dZOO-Sll-8 
dl 00 -SL 1 -8 



3./ c 

Table C-36 (continued) 

- 
Run No. l"* ps Psat*  Fcs T,S Fws "*  Re Tw,ins Tw,outs A T ~ s  "* QC. Qw* 3 ,oo ",. 

OF ps ia  psia gpm OF lb,,,/hr gpm ft/sec "F "F "F "F Btu/hr Btu/hr Q Btu 
hr-  f t2 . O F  

8-115-0118P 95.49 171.7 171.8 0.2684 9R91, 165.67 22.8 16.6 51739. 68.75 69.33 0.55 26.95 6059. 6311. 4-2 221- 

8-115-050? 101.41 185.7 186.2 0.2767 100.62 168.39 5.2 3.8 11998. 69.10 71.114 2.34 31-14 5974. 6072. 1.6 185. 
8-115-05lf 106.05 197.7 198.1 0.2834 105.06 170.41 3.0 2.2 6997. 69.11 73.04 3.93 34.97 5897. 5887. -0.2 162. 

8-115-049P 99.11 180.2 180.6 0.2718 98.40 166.34 7.6 5.5 17460. 69.13 70.77 1.66 29.17 5979. 6315. 5.7 197. 

R-115-052P 100.61 193.7 194.4 0.3737 104.03 225.31 22.8 16.6 51379. 68.16 68.90 0.71 36.08 7859. 8123. 3.4 210. 
8-115-0531 109.27 206-2 206.7 0.3833 108.58 228.28 7.6 5.5 17397. 68.63 70.73 2.10 39.59 7755. 7959. 2.6 189. 



Table C-37. Experimental data f o r  R-115 condensing on tube F 1  

- 
Run No. T" p, Ps,t' Fc* Tc, h,, Fws " *  Re 'w.in* Tw,outs "w* "* Qc* QW, g x 100 "0,  

OF psia psia gpm OF lb,,,/hr gpm ft/sec OF OF OF OF Btu/hr Btu/hr Q Btu 
hr. f t2 . O F  

R-115-00lr1 97.35 
R-115-002r1 99.75 

R-115-004C 1 105.20 
R-1 15-003r1 101.72 

8-115-005ri 99.97 
~-115-006ri 105.11 
~-115-007ri 107.15 
a-i 15-008ri 112.58 

R-115-0 iori 101.91 
8-115-00911 101.39 

R-115-01111 102.31 
R-115- 0 12?1 103.6 1 

~-115-013ri 99.75 
R-115-014Fl 101.95 
8- 115-0 1 5lr 1 103.85 
E-115-016?1 105.68 

~-ii~-oi7ri 101.87 
R-115-018F1 102.36 
R-l15-019?1 102.89 
8-115-020Fl 104.01 

8-115-021r1 94.88 
R-115-02Rl 98.43 
8-1 15-0231 i 100.77 
~-115-024ri 105.84 

8-ii5-026ri 102.74 
~-115-027ri 103.70 

R-l15-025?1 101.53 

8-115-02811 105.68 

8-115-02911 102.31 
R- 115- 03 01 1 106.37 

R-115-03211 114.41 

R- 115-0 33? 1 102 . 06 
~-1i5-03iri 109.19 

8-1 15-03411 102.66 
~ - i  15-035r 1 103.48 
8-1 15036ri 104.81 

R-i 15-037r 1 io1 -68 
~-115-038ri 102.70 
8-1 1% 039r 1 103.72 

176.2 
181.7 
186.7 
195.2 

182.2 
195.2 
200.2 
215.2 

185.7 
187.2 
188.2 
191.7 

181.7 
187.2 
191.7 
196.7 

187.2 
188.2 
189.7 
192.2 

170.2 
178.7 
184.7 
197.2 

186.2 
189.2 
191.2 
196.7 

187.7 
198.7 
205.7 
220.2 

187.7 
188.7 
191.2 
194.7 

186.7 
189.2 
191.7 

176.3 
182.1 
187.0 
195.9 

182.7 
195.7 
201.0 
215.8 

186.2 
187.5 
188.5 
191.8 

182.1 
187.6 
192.9 
197.2 

187.4 
188.6 
190.0 
192.8 

170.4 
178.9 
184.6 
197.6 

186.5 
189.6 
192.0 
197.2 

188.5 
199.0 
206.5 
221.0 

187.9 
189.4 
191.5 
194.9 

186.9 
189.5 
192.1 

0.2213 96.57 136.05 
0.2222 98.77 135.86 
0.2254 100.64 137.11 
0.2303 103.90 138.93 

0.3241 99.35 197.83 
0.3400 104.41 204.82 
0.3414 106.28 204.61 
0.3554 111.44 209.95 

0.0706 9877 43.14 
0.0716 99.31 43.72 
0.0714 99.63 43.55 
0.0708 100.66 43.06 

0.1856 98.77 113.47 
0.1852 100.74 112.62 
0.1892 102.65 114.51 
0.1933 104.54 116.38 

0.0927 99.43 56.59 
0.0923 99.91 56.27 
0.0931 100.43 56.69 
0.0939 101.47 57.01 

0.2729 94.35 168.72 
0.2777 97.71 170.20 
0.2824 99.99 172.09 
0.2891 10'4.72 173.98 

0.1402 99.51 85.56 
0.1408 100.66 85.64 
0.1418 101.51 86.07 
0.1437 103.30 86.81 

0.3449 101.40 209.44 
0.3487 105.24 209.56 
0.35R1 107.99 213.63 
0.3699 113.07 217.53 

0.0567 98.28 34.70 
0.0571 98.32 34.93 

0.0586 101.09 35.63 

0.1171 99.99 71.38 
0.1171 100.82 71.23 

0.0574 99.79 3%03 

0.1177 101.87 71-35 

23.0 
7.4 
5.0 
3.0 

22.8 
7.6 
5.2 
3.0 

23.0 
7.6 
5.2 
3.0 

23.0 
7.6 
5.2 
3.0 

23.0 
7.6 
5.2 
3.0 

22.8 
7.6 
5.2 
2.8 

23.0 
7.6 
5.2 
3.0 

22.8 
7.6 
5.2 
3.0 

23.0 
7.6 
5.2 
3.0 

23.0 
7.6 
5.2 

16.8 
5.4 
3.6 
2.2 

16.6 
5.5 
3. 8 
2.2 

16.8 
5.5 
3.8 
2.2 

16.8 
5.5 
3.8 
2.2 

16.8 
5.5 
3.8 
2.2 

16.6 
5.5 
3.8 
2.0 

16.8 
5.5 
3.8 
2. 2 

16.6 
5.5 
3.8 
2.2 

16.8 
5.5 
3.8 
2.2 

16.8 
5.5 
3, 8 

58468. 
18896. 
12817. 
7736. 

51884. 
17542. 
120 67. 
7041. 

73430. 
24214. 
16569. 
96 13. 

63255. 
21082. 
14526. 
8276. 

72309. 
23842. 
16297. 
9396. 

51675. 
17420. 
11969. 
6527. 

68474. 
22586. 
15480. 
8966. 

524 18. 
1770 1. 
12170. 
7093. 

7498 1. 
24792. 
17046. 
9897. 

70330. 
23251. 
15962. 

77.57 
77.49 
77.47 
77.30 

68.9 1 
69.33 
69.33 
69.3 1 

97.39 
97.02 
96.92 
97.23 

83.98 
84.34 
84.68 
83.08 

95.92 
95.41 
95.20 
94.87 

68.65 
68.95 
68.88 
68.94 

90.90 
90.49 
90.51 
90.41 

69.66 
69.99 
69.93 
69.90 

99.26 
99.22 
99.59 
100.02 

93.28 
93.10 
93.24 

78.06 
78.85 
79.99 
80.58 

69.58 
71.26 
72.06 
73.79 

97.50 
97.95 
97.56 
98.29 

84.38 
85.45 
86. 29 
85.79 

96.13 
95.97 
96.00 
96.21 

69.24 
70.6 1 
71.29 
73.12 

91.21 
91.31 
91.68 
92.38 

70.35 
71.95 
72.74 
74.53 

99.42 
99.58 
100.10 
100.R6 

93.53 
93.79 
94.25 

0.45 19.53 
1.34 21.58 
2.01 23.24 
3.26 26.25 

0.64 30.73 
1.93 34.81 
2.72 36.45 
4.47 41.03 

0.12 3.97 
0.43 4.68 
0.63 5.07 
1.07 5.85 

0.35 15.57 
1.12 17.06 
1.62 18.37 
2.69 21.24 

0.17 5.84 
0.55 6.67 
0.80 7.29 
1.33 8.47 

0.56 25.93 
1.65 28.65 
2.40 30.68 
4.18 14.81 

0.27 10.98 
0.80 11.84 
1.15 32.61 
1.95 14.28 

0.66 32.31 
1.95 35.40 
2.80 37.86 
4.62 42.20 

0.12 2.72 
0.35 3.26 
0.50 3.63 
0.84 4.38 

0.21 8.28 
0.69 9.25 
1.01 9.97 

4930. 
4864. 
4858. 
4830. 

7074. 
7125. 
7036. 
6 992. 

1531. 
1547. 
1538. 
1510. 

4062. 
3985. 
4011. 
4035. 

2003. 
1987. 
1996. 
1995. 

6189. 
6134. 
6128. 
6027. 

3035. 
3018. 

30 10. 

7397. 
7238- 
7 260. 
7163. 

30 17. 

1227 
1231. 
1229. 
1241. 

2530. 
2510. 
2501. 

5152. 4.5 
4954. 1.9 
5006. 3.1 
4877. 1.0 

7319. 3.4 
7318. 2.7 
7080. 0.6 
6699. -4.2 

1418. -7.4 
1610. 4.0 
1639. 6.6 
1590. 5.3 

4062. -0.0 
4231. 6.2 
4208. 4.9 
4032. -0.1 

1933. -3.5 
2086. 5.0 
2082. 4.3 
1989. -0.3 

6357. 2.7 
6285. 2.5 
6246. 1.9 
5842. -3.1 

3070. 1.2 
3043. 0.8 
2984. -1.1 
2920. -3.0 

7519. 1.6 
7424. 2.6 

6916. -3.5 

1338. 9.0 
1342. 9.0 
1301. 5.R 
1247. 0.5 

2463. -2.6 
2597. 3.B 
2608. 4.3 

7286. 0.3 

243. 
217. 
201. 
177. 

222. 
197. 
186. 
164. 

37 2. 
319. 
29 2. 
249. 

25 1. 
225. 
210. 
183. 

330. 
287. 
264. 
227. 

230. 
206. 
192. 
167. 

279. 
246. 
231. 
203. 

221. 
197. 
185. 
164. 

434. 
364. 
326. 
273. 

294. 
261. 
242. ._ 

8-115-04011 105.13 195.2 195.7 0.1166 103.15 7O;SO 2.8 2;O 8605; 93.60 94.70 1.69 11.28 2452. 2360. -3.8 209.. 

c 



Table C-38. Experlmental data f o r  R-115 condensing on tube F3 

Run No. '* Re Tw,ins T w , p t s   AT^* D* Qc9 Qw* AJ ,oo "0. 
psla psla gpm O F  lb,,,/hr gpm f t /sec O F  F OF O F  Btu/hr Btu/hr Q Btu 

hr.ft2."F 

8-115-001F3 100.54 
R-115-002?3 101.58 
8-115-00313 102.25 
~-1is-004r3 103.99 

R-1 lS-OOSF3 95.84 
8-115-006F3 99.41 
a- 1 15- 0 0 7?3 1 0 1.8 9 
8-115-008?3 107.39 

R - I I S - O O ~ ~ ~  101.~1 

R- i is- o 1 113 101.9 i 
8-115-01OF3 101.62 

8- 1 15- 0 12F3 102.83 

R- 115- 01 3?3 100.07 
8-1 15-0 14P3 101.62 
8-11S-015?3 102.42 
8-115-01613 104.79 

8-115-01713 101.97 

8-115-01913 103.02 
8-1 15- O20?3 103.79 

R-115- 02 1?3 101 -30 
8-1 15-022F3 102.42 
8-115-02313 103.28 
R-115-02413 105.06 

8-115025F3 101.41 
R-115-026?3 101.93 
R-115-027F3 102.42 

~-1is-oi8r3 102.55 

8-11s-028r3 103.57 

8-115-029P3 97.94 
R-115-030P3 100.66 
8-1 15- 03 lF3 1 02.55 
I1-11503213 106.21 

183.2 
186.7 
188.7 
192.7 

172.7 
181.2 
187.7 
201.2 

186.2 
186.7 
187.2 
189.7 

183.2 
186.7 
188.7 
194.7 

187.7 
188.7 
189.7 
191.7 

185.7 
188.7 
190.7 
195.7 

186.2 
187.2 
188.2 
191.2 

177.7 
184.7 
189.2 
198.2 

184. 1 
186.7 
188.4 
192.8 

172.7 
181.3 
187. 4 
201.7 

186.2 
186.8 
187.5 
189.8 

182.9 
186.8 
188.8 
194.9 

187.7 
189.1 
190.3 
192.3 

186.0 
188.8 
191.0 
195.6 

186.2 
187.6 
188.8 
191.7 

177.7 
184.4 
189.1 
198.6 

0.1402 99.23 85.63 
0.1398 100.21 89-16 
0,1398 100.93 85.00 
0.1402 102.42 84.89 

0.2836 95.41 174.82 
0.2879 98.77 175.99 
0.2879 101.15 174.91 
0.3068 106.44 183.78 

0.0686 98.73 41.96 
0.0690 99.11 42.16 
0.0692 99.31 02.26 
0.0698 100.17 42.52 

0.1858 99.23 113.43 
0,1881 100.72 114.41 
0.1887 101.51 114.50 
0.1A95 103.67 114.40 

0.0553 98.97 33.78 
0.0553 99.45 33.74 
0,0555 99.87 33.81 
0.0551 100.45 33.52 

0.1219 100.03 74.26 
0.1226 100.97 74.55 
0.1236 101.74 74.96 
0.1260 103.39 76.11 

0.0927 99.43 56.59 
0.0925 99.95 56.38 
0.0929 100.39 56.57 
0.0944 101.51 57.31 

0.2285 97.40 100.15 
0.2303 99.91 140.39 
0.2320 101.78 140.74 
0.2376 105.20 142.81 

23.0 
7.6 
5.2 
3.0 

23.0 
7.6 
5.2 
3.0 

23.0 
7.6 
5.2 
3.0 

23.0 
7.0 
5.2 
3.0 

23.0 
7.6 
5.2 
3.0 

23.0 
7.6 
5.2 
3.0 

23.0 
7.6 
5.2 
3.0 

23.0 
7.6 
5.2 
3.0 

16.8 
5.5 
3.8 
2. 2 

16.8 
5.5 
3.8 
2.2 

16.8 
5.5 
3.8 
2. 2 

16.8 
5.1 
3.8 
2.2 

16.R 
5.5 
3.8 
2.2 

16.8 
5.5 
3. 8 
2.2 

16.8 
5.5 
3.8 
2.2 

16.8 
5.5 
3.8 
2. 2 

69040. 
22747. 
1553 9. 
8984. 

54977. 
18368. 
12625. 
7370. 

74050, 
24327. 
16624. 
9590. 

6551 6. 
19851. 
14690. 
8487. 

751 83. 
24833. 
170 13. 
9821. 

70683. 
23393. 
16033. 
9274. 

72680. 
23935. 
16364. 
9429. 

60894. 
20268. 
13915. 
8088. 

91.62 
91.10 
90.79 
90.59 

72.73 
73.04 
73.00 
73.07 

98.10 
97.4 5 
97.24 
97.02 

87.06 
86.32 
85.76 
85.37 

99.51 
99.3 8 
99.4 1 
99.30 

93.7 1 
93.62 
93.62 
93.50 

96.38 
95.90 
95.70 
95.32 

80.82 
80.96 
80.94 
80.93 

91.93 
91.94 
91.98 
92.55 

73.36 
74.74 
75.48 
77.21 

98.27 
97.87 
97.85 
98.06 

87.46 
87.45 
87.36 
87.99 

99.66 
99.72 
99.92 
100.14 

93.99 
94.36 
94.66 
95.24 

96.60 
96.47 
96.52 
96.69 

81.31 
82.35 
82.92 
84.16 

0.26 
0.85 
1.19 
T.96 

0.59 
1.68 
2.41 
4.13 

0.13 
0.91 
0.60 
1.04 

0.36 
1.12 
1.60 
2.62 

0.10 
0.32 
0.50 
0.84 

0.22 
0.71 
1.03 
1.73 

0.15 
0.54 
0.01 
1.36 

0.45 
1.37 
1.97 
3.22 

8.77 
10.06 
10.87 
12.41 

22.79 
25.52 
27.65 
32.25 

3.22 
3.96 
4.36 
5.29 

12.81 
14.7 3 
15.86 
18-11 

2.39 
3-00 
3-36 
4.07 

7.96 
8. 43 
9.14 
10.69 

4.92 
5.75 
6.31 
7.56 

16.88 
19.0 1 
20.62 
23.67 

3053. 
3020. 
3003. 
2971. 

6383. 
6311. 
6 192. 
6311. 

1489. 
1494. 
1496. 
1898. 

4054. 
4056. 
4043. 
3987. 

1195. 
1190. 
1190. 
1174. 

2637. 
2631. 
2634. 
2648. 

2008. 
1995. 
1997. 
2011. 

5064. 
5002. 
4964. 
u937. 

3001. 
32 10. 
30 85. 
29 23. 

6735. 
6369. 
6920. 
61 82. 

1452. 
1568. 
1562. 
1548. 

4112. 
39 15. 
U139. 
3912. 

1121. 
12 13. 
1298. 
1253. 

2509. 
2699. 
2673. 
25 83. 

1773. 
2037. 
21 02. 
2033. 

51 17. 
s190. 
51 18. 
4818. 

-1.7 335. 
6.3 209. 
2.7 266. 
-1.6 231. 

5.5 270. 
0.9 238. 
3.7 216, 

-2.0 189. 

-2.5 446. 
4.9 364. 
4.4 330. 
3.4 273. 

1.5 305, 
-3.5 265. 
2.4 206. 
-1.9 212. 

-6.2 482. 
1.9 382. 
9.1 341. 
6.7 278. 

-4.9 341. 
2.6 301. 
1.5 278. 

-2.4 239. 

-11.7 393. 
2.1 334. 
5.3 305. 
1.1 256. 

1.1 289. 
3.8 254. 

I -2.4 3.1 232. 201. 

R-115-033F3 96.67 17U.7 174.6 0.3154 96.16 194.11 23.0 16.8 53508. 70.55 71.22 0.65 25.79 7058. 7424. 5.2 264- 
8-115-034?3 101.55 186.2 186.6 0.3259 100.84 198.14 7.6 5.5 17956. 71.22 73.11 1.90 29.39 7026. 71%. 2.4 230. 
8-115-035F3 109.77 194.7 194.8 0.3385 103.98 201.72 5.2 3.8 12380. 71.37 74.12 2.76 32.02 7030. 7152. 1.7 212. 
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Table c-39. Experimental data for R-115 condensing on tube F7 

Re 'w,in* 'w,outP ATws AT* 'c9 'w* 40 "0  * 
Run No. '" P, P S a t s  F,s Tcs fit. F,.,, 

O F  ps ia  psia gprn O F  lbm/hr gpm ft/sec O F  O F  O F  O F  Btu/hr Btu/hr loo etu  
hr - f t2 .OF 

8-115-00117 92.51 
R-115-00217 98.17 
R-115-00317 101.49 
8-115-00417 108.50 

R-115-00517 101.05 
8-115-00617 101.58 
R-115-00717 101.66 
8-1 15-00817 102.21 

R-115-00917 98.33 
~-115-oior7 100.28 
R-1 14-0 1117 101.66 
R-115-01217 100.65 

8-115-01327 100.30 
8-115-01417 100.97 
8-115-015P7 101.60 
R-115-01617 102.83 

R-115-0 1717 93.67 
8-115-018P7 97.39 
8-115-01911 99.41 
8-115-02017 104.16 

8-1 15-0 2 117 100.40 
R-115-02217 100.77 
8-1 15-02317 101 -22 
R-115-02417 102.17 

R-l1!k02517 99.31 
8- 1 15- 02 6P7 1 00.6 8 
8-115-027P7 101.62 
R-115-028P7 103.65 

R-115-02917 99.95 
8-1 15-03017 100.81 
R-115-031t7 101.35 
8-115-03217 102.68 

R-115-03317 96.41 
R-115-034F7 98.97 
R-115-03517 100.85 
R-115-03617 104.79 

164.7 
178.2 
186.2 
204.2 

184.7 
186.2 
186.7 
187.7 

178.7 

186.7 
194.2 

183.2 
184.7 
186.2 
189.7 

167.2 
175.7 
180.7 
192.7 

183.2 
183.7 
185.2 
187.2 

180.7 
183.7 
186.2 
191.2 

181.7 
184.2 
185.7 
188.7 

173.7 
179.7 
184.2 
194.2 

183.2 

164. 9 
178.3 
186.4 
204.6 

185.4 
186.7 
186.9 
188.2 

178.6 
183.4 
186.9 
194.5 

183.5 
185.1 
186.7 
189. 8 

167.6 
176.4 
181.3 
193.2 

183.7 
184. 6 
185.8 
188.1 

181.0 
184, 4 
186.8 
191.9 

182.6 
184.7 
186.1 
189.4 

174.0 
180.2 
184.8 
194.9 

0.3093 92.29 192.18 
0.3227 97.80 197.77 
0.3304 101.09 200.76 
0.3469 107.89 206.99 

0.0547 98.21 33.48 
0.0547 98.71 33.43 
0.0553 98.99 33.76 
0.0550 99.43 33.60 

0.1854 97.65 113.64 
0.1879 99.47 114.66 
0.1892 100.82 115.06 
0.1916 103.65 115.65 

0.0915 98.67 55.96 
0.0925 99.25 56.48 
0.0933 99.89 56.87 
0.0941 101.03 57.18 

0.2708 93.51 167.73 
0.2761 97.10 169.50 
0.2786 98.97 170.26 
0.2859 103.50 172.65 

0.0694 98.17 42.52 

0.0698 98.45 42.63 
0.0698 99.71 42.55 

0.1403 98.26 85.90 
0.1414 99.57 86.29 
0.1422 100.45 86.55 
0.1U45 102.35 87.52 

0.1175 98.R5 71.84 
0.1175 99.57 71.71 
0.1175 100.05 71.62 
0.1187 101.20 72.09 

0.2286 95.96 140.73 
0.2292 98.32 140.26 
0.2305 100.17 140.41 
0.2347 103.92 141.56 

0.0684 98-46 41-87 

22.3 
7.6 
5.2 
2.8 

23.0 
7.6 
5. 2 
3.0 

23.0 
7.6 
5.2 
3.0 

23.0 
7.6 
5.2 
3.0 

22.8 
7.6 
5.2 
3.0 

23.0 
7.6 
5.2 
3.0 

23.0 
7.6 
5.2 
3.0 

23.0 
7.6 
5.2 
3.0 

22.8 
7.4 
5.2 
3.0 

16. 3 
5.5 
3.8 
2. 1 

16.8 
5.5 
3.8 
2.2 

16.8 
5.5 
3.8 
2.2 

16.8 
5.5 
3.8 
2.2 

16.6 
5. 5 
3.8 
2.2 

16. 8 
5.5 
3. 8 
2. 2 

16. 8 
5.5 
3.8 
2. 2 

16.8 
5.5 
3.8 
2. 2 

16.6 
5. 4 
3. 8 
2.2 

51696. 
17979. 
12431. 
6896. 

74675. 
24659. 
168 11. 
9686. 

65783. 
21763. 
149 27. 
8658. 

72479. 
2389 1. 
16367. 
9436. 

55964. 
18807. 
12914. 
7525. 

73545. 
24229. 
16574. 
9570. 

69270; 

15658. 
9056. 

7094 1. 
23382. 
15972. 
9192. 

60982. 
19856. 
14009. 
8146. 

22873. 

70.28 
71.30 
71.66 
71.53 

98.88 
98.72 
98.32 
98.03 

87.40 
87.15 
87.10 
87.01 

96.13 
95.74 
95.58 
95.40 

74.77 
74.86 
74.78 
74.78 

97. 47 
97.07 
96.96 
96.83 

91.90 
91.57 
91.42 
91.24 

94.04 
93.59 
93.28 
92.7 3 

81.64 
81.43 
81.47 
81. 47 

70.96 
73.23 
74.45 
76.42 

99-04 
99.08 
98.82 
98.86 

87.81 
88.27 
88.73 
89.74 

96.35 
96.30 
96.39 
96 -75 

75.39 
76.56 
77.19 
78.74 

97.66 
97.50 
97.58 
97.87 

92.23 
92.43 
92.67 
93.29 

94.30 
94.30 
94.32 
94. 45 

82.15 
82.88 
83.50 
84.79 

0.64 21.89 
1.93 25.91 
2.79 28.44 
4.88 34.53 

0.11 2.09 
0.35 2.67 
0.50 3.09 
0.83 3.76 

0.36 10.72 
1.13 12.57 
1.64 13.74 
2.71 16.28 

0.19 4.06 
0.56 4.95 
0.81 5.61 
1.35 6.76 

0.58 18.60 
1.69 21.68 
2.39 23.42 
3.93 27.40 

0.14 2.83 
0.43 3.48 
0.62 3.95 
1.03 4.82 

0.28 7.25 
O i 8 5  8.68 
1.23 9.57 
2.03 11.39 

0.22 5.78 
0.71 6.86 
1.04 7.55 
1.71 9.09 

0.47 14.52 
1.44 16.82 
2.02 18.37 
3.32 21.66 

7130. 
7 137. 
7122. 
7063. 

1190. 
1185. 
1197. 
1187. 

4098. 
4093. 
4078. 
4033. 

1998. 
2009. 
2016. 
2014. 

6189. 
6141. 
6106. 
6037. 

1517. 
1491. 
1514. 
1504. 

3082. 
3074. 
3068. 
3069. 

2569, 
2 553. 
2543. 
2541. 

5124. 
5041. 
4998. 
4933. 

7142. 0.2 
7302. 2.1 
7235. 1.6 
6944. -1.7 

1304. 9.5 
1319. 11.3 
1301. 8.7 
1238. 4.3 

4147. 1.2 
4289. 4.8 
4250. 4.2 
4045. 0.3 

2162. 8.2 
2101. 4.6 
2106. 4.4 
2014. -0.0 

6574. 6.2 
6396. 4.1 
6210. 1.7 
5883. -2.5 

1658. 9.3 
1614. 8.2 
1593. 5.2 
1544. 2.7 

3208. 4.1 
3206. 4.3 
3196. 4.2 
3038. -1.0 

2555. -0.6 
2703. 5.9 
2701. 6.2 
2563. 0.8 

5391. 5.2 
5316. 5.5 
5230. 4.6 
4964. 0.6 

314. 
265. 
241. 
197. 

547. 
427. 
373. 
304. 

368. 
314. 
286. 
239. 

474. 
391. 

287. 346. E 
321. 
273. 
25 1. 
212. 

516. 
413. 
369. 
30 1. 

410. 
31 1. 
309. 
260. 

428. 
358. 
325. 
269. 

340. 
289. 
262. 
219. 

Y 
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Table  C-40. Experimental  d a t a  for R-115' condensing on t u b e  f 3  

p, P s , y  F,, T,. ic, Fws '* Re Tw,ins T w , p *  ATws n, 
"F F OF OF Btu/hr  Btu/hr Q 

Run No. TV * 
OF p s f a  p s i a  gpm OF lb,,,/hr gpm ft/sec 

hr.ft2.Of 

8-1 is-0050 
8- 1 15- 0066 
8-115- 0076 
8-115-0080 

E-115-0696 
8-115-0106 
8- 1 15- 0 1 16 
8-115-0 12G 

8-1 15-0130 
E-115-0146 
8-115-0156 
8-115-0166 

E-1 15-0176 
8- 1 15- 0 18G 
8-115-0190 
8-115-0206 

E-1 15-0216 
8-115-0226 
8-115-023G 
8-115-0240 

8-115-0256 
8-115-0266 
8-115-0276 
8-115-0286 

8-1 15-0290 
8-115-0306 
8-115-0316 
E- 115- 0326 

101.70 186.7 
102.34 188.2 
102.87 189.2 
104.10 192.7 

100.75 184.2 
101.85 187.2 
102.76 189.2 
104.39 193.2 

99.23 180.7 
102.94 189.7 
105.13 195.2 
109.79 207.7 

101.20 185.2 
102.06 187.2 
102.57 188.7 
103.44 190.7 

98.70 179.2 
100.70 184.2 
101.89 186.7 
104.07 192.2 

96.95 174.7 
99.69 181.7 

101.37 185.7 
105.26 195.7 

98.33 178.2 
100.44 183.7 
102.02 187.7 
104.27 192.7 

187.0 
188.6 
189.9 
193.1 

184.6 
187.3 
189.7 
193.8 

180.8 
190.1 
195.7 
208.1 

t85.7 
187.9 
189.2 
191.4 

179.5 
184.5 
187.4 
193.0 

175.3 
182.0 
186.1 
196.1 

178.6 
183.8 
187.8 
193.5 

0.0592 98.81 
0.0603 99.67 
0.0604 100.27 
0.0608 101.45 

0.1190 99.53 
0.1193 100.50 
0.1193 101.30 
0.1205 102.76 

0.2675 98.87 
0.2738 1 0 2 3 5  
0.2783 104.47 
0.2901 108.97 

0.0780 98.83 
0.0784 99.59 
0.0786 100.05 
0.0782 100.76 

0.1608 97.65 
0.1635 99.51 
0.1634 100.54 
0.1636 1 0 2 4 4  

0.2140 96.25 
0.2176 98.79 
0.2182 100.29 
0.2216 103.90 

0.1839 97.38 
0.1850 99.39 
0.1885 100.89 
0.1863 1 0 2 8 7  

36.20 
36.76 
36.81 
36.90 

72.58 
72.62 
72.44 
72.88 

163.48 
165.82 
167.62 
172.59 

47.67 
47.83 
47.90 
47.56 

98.57 
99.77 
99.46 
99.06 

131.66 
133.02 
132.87 
133.66 

112.84 
112.91 
114.58 
112. 66 

23.8 
7.6 
5.2 
3.0 

23.8 
7.6 
5.2 
3.0 

23.6 
7.4 
5.2 
3.0 

23.8 
7.6 
5.2 
3.0 

23.6 
7.4 
4.7 
2.8 

23.6 
7.6 
5.0 
2.8 

23.6 
7.2 
5.0 
3.0 

13.0 
4. 1 
2.8 
1.6 

13.0 
4.1 
2.8 
1.6 

12.9 
4.0 
2.8 
1. 6 

13.0 
4.1 
2. 8 
1.6 

12.9 
4.0 
2.6 
1.5 

12.9 
4.1 
2.7 
1.5 

12.9 
3.9 
2.7 
1.6 

70420. 
22466. 
15396. 
8929. 

6 ~ 4 3 4 .  
20587. 
14122. 
8165. 

50751. 
16113. 
11382. 
6622. 

6861 8. 
21929. 
15016. 
8670. 

58895. 
18498. 
11762. 
702 4. 

53004. 
17162. 
11333. 
,6400. 

56653. 
1731 2. 
12044. 
7259. 

96.70 
96.51 
96.57 
96. 87 

88.68 
88.51 
88.57 
88.43 

69.90 
70.30 
70.36 
70.34 

94.22 
94.15 
94.11 
93.97 

81.70 
81.51 
81.34 
81.07 

73.3 3 
73.32 
73.29 
73.25 

78.55 
78.30 
78.18 
78.06 

96.86 
96.88 
97.10 
97.75 

88.93 
89.20 
89.58 
90.09 

70.43 
71.89 
72.61 
74.13 

94.39 
94.61 
94.79 
95.65 

82.03 
82.19 
82.84 
83.51 

73.78 
74.62 
75.22 
76.55 

78.93 
79.44 
79.85 
80.69 

0.12 4.92 
0.36 5.64 
0.53 6.03 
0.88 6.79 

0.21 11.94 
0.68 12.99 
0.99 13.69 
1.64 15.12 

0.50 29.07 
1.58 31.84 
2.25 33.64 
3.79 37.56 

0.14 6.90 
0.46 7.68 
0.67 8.12 
1.08 8.92 

0.29 16.83 
0.97 18.70 
1.49 19.80 
2.44 21.79 

0.41 23.40 
1.28 25.72 
1.91 27.11 
3.28 30.37 

0.34 19.59 
1.13 21.57 
1.66 23.00 
2.60 20.90 

0.54 30.93 
1.71 34.17 

1283. 
1298. 
1296. 
1292. 

2585. 
2571. 
2552. 
2545. 

5868. 
5837. 
5830. 
5845. 

1694. 
1691. 
1689. 
1670. 

3548. 
3554. 
3521. 
3466. 

4781. 
4763. 
4716. 
4645. 

4069. 
4028- 
4053. 
3937. 

6304. 
6277. 

1408. 
1368. 
1378. 
1316. 

2489. 
2563. 
2577. 
2455. 

5861 . 
5842. 
58 38. 
5666. 

1612. 
1734. 
1740. 
1617. 

9.8 212. 
5.4 187. 
6.3 175. 
1.8 155. 

-3.7 176. 
-0.3 161. 

1.0 152. 
-3.5 137. 

-0.1 164. 
0.1 149. 
0.1 141. 

-3.1 127. 

-4.8 200. 
2.5 179. 
3.0 169. 

-3.2 152. 

3402. -4.1 
3588. 1.0 
3501. -0.6 
3403. -1.8 

4780. -0.0 1 

4849. 1.8 
4767. 1.1 
4577. -1.5 

4050. -0.5 
4040. 0.4 
4133. 2.0 
3899. -1.0 

8-115-0336 100.85 184.7 184.8 0.2907 100.13 177.09 23.6 12.9 50580. 69.63 70.20 
8-115-0346 105.38 195.7 196.4 0.3001 104.54 180.73 7.4 4.0 16137. 70.35 72.06 
8-115-0356 107.51 202.2 202.0 0.3051 106.54 182.71 5.0 2.7 10932. 70.15 72.65 2.48 36.11 6270. 6208. -1.0 141. 

6380. 1.2 
6308. 0.5 

172. 
155, 
145. 
130. 

166. 
151. 
142. 
12s. 

169. 
152. 
143, 
129. 

166. 
150, 
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'6EZ b'l 'b6bZ '19hZ b8'S 99'0 56'56 OE'S6 '6Sb8Z t'S1 9'L 9E-69 LL'86 SEll'O b'981 L'S81 Lb'lOl H6bO-Sll-8 
'SZZ L'l- 'ECbZ '9StZ 02'9 S6'0 90'96 1136 '88061 c.01 1's EE'69 €6'86 SEll'O Z'L81 Z'981 6L'lOl H8bO-SCl-8 
'SSZ 8'1 'OLE2 '99bZ 6b'S 26'0 69-56 LZ'S6 'Z98bb E'tZ 0'21 bE'69 12'86 EEll'O L'SBL L'b81 L6'001 UbO-Sll-8 
'LLZ 0%- '6SZZ 'LLE2 86'b LL'O 28-56 €9'56 '9lZLOL L'bS O'LZ EL% Z8'L6 6801'0 S'b81 L'f81 OL'OOL H9bO-411-U 
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Table C-43. Experimental data f o r  R-600a condensing on tube E 

- 
Run KO. T V  * P. P,,t* Fcs TC * ic, F,, Re Tw,in’ Tw,outs “w* QC * Qw* 3 ,oo U0’ 

Btu  
hr-ft2.0F 

O F  ps ia  ps ia  gpm O F  lb,/hr gpm f t l s e c  “F O F  O F  O F  Btu/hr  Btu/hr  Q 
-- 

P - f C O I - O C l A  
R - 6C CA-00 2A 
R-6COA-003A 
P-6COA-OCUA 

P-CC6R-005A 
F-6OOA-0068 
R -6C CI-007 A 
R-6COA-OC9A 

R-CCOL-009A 

E-600A-0111 
E - ~ O O A - O  i o n  

R - C c o a - o i z A  

R-6001-0 13A 
R-6COA-0141 
R -6 CO A - 0 1 5 A 
R-CCOA-O16A 

F-6001-0171 
R-6COA-0 1 8 1  
R-6COA-019A 
6-COOA-020A 

83.eo 

83.,98 

84.27 
85.26 

91.90 
93.00 
93 .  e7 
94.88 

98 .97  
100.95 
102.12 
104.23 

102.91 
104.27 
105. 17 
107.53 

111.8f 
114.16 
116.09 
119.2P 

57.3 
57.7 
58. A 
57.7 

65 .1  
66.2 
66. R 
68.2 

72.2 
74. 5 
75.7 
7R. 1 

76.7 
7 8 . 7  
79 .2  
82.C 

87.C 
90 .0  
92.2 
96.5 

8-6COA-0211 121.12 99 .2  
R-600A-022L 123.96 103. 2 
R-6COA-023A 125.71 105.7 
A-6COA-0241 130.21 112.1 

. -. ___ __ . ._ 

56.3 
56.7 
57.6 
56.4 

63.R 
64.8 
65.4 
hfi.7 

7c.9 
73.0 
7 4 . 3  
76.6 

7 5 . 1  
76.6 
77.6 
8C.3 

95.4 
AR.  3 
90.7 
94.A 

97.2 
101.1 
103.5 
110.0 _. _. 

0.0437 78.54 
0 .0441  79.76 

0 .0449  7 9 - 5 2  

C.0771 Rfi.45 
0.0767 A7.55 
0.07C9 P R . l @  
0.0767 R9.23 

C.1lCA 93.9R 
0.1110 95.78 
C.1110 96.81 
C.1104 9R.59 

0.1324 98.40 
0.1314 99 .45  
0.13 10 100. 19 

0 . 0 4 3 ~  79.7e 

0 . 1 3 ~ ~  102.10 

0.1710 106.74 
C. 17C5 1C9.0C 
C. 17 ?O 110. 69 
0.1724 111.50 

0.23C1 116.92 
0.2288 119.3t3 
0.2292 121.00 
0.2295 125.19 

12.03 
12.1u 
12.07 
17.35 

21.04 
20.R9 
2c.93 
20.R5 

29.9 1 
29.89 
29.P5 
29.61 

35.54 
15.21 
35.06 
34.7.7 

45.  3 3 
45.09 
45.63 
45.2A 

60.13 
5’4.60 
59.5u 
59.25 

7 .6  
5.2 
3.0 

22.2 

22.2 
7.6 
5.2 
3 . 0  

22.2 
7 .6  
5.2 
3.0 

27.2 
7.6 
5.2 
3.0 

22. ? 
7.6 
5.2 
3.0 

22.2 
7.6 
5 . 2  
3.0 

6.1 
4. 2 
2.4 

17.9 

17.9 
6. 1 
4.2 
2.4 

17.9 
6.1 
4. 2 
2.4 

17.9 
6.1 
4.2 
2.4 

17.9 
6.1 
4.2 
2.4 

17.9 
6.1 
4.2 
2 . 4  

18936. 
12955. 
7483.  

55804. 

55957. 
19163. 
13074. 
7521. 

55652. 
1915f. 
13137. 

7586. 

5 5 0 8 C .  
187fl5. 
12R2R. 
7407. 

5617U. 
1929C. 
13235. 
7681.  

54834. 
18R34. 
12955. 
755R. 

74.33 
74.22 
74.11 
75.15 

75.30 
75.1c 
74.71 
74.11 

74.83 
74.91 
74 I 8 7  
74. 42 

74.02 
73.32 
72.90 
72.36 

75.47 
75.21 
75.C8 
74.80 

73.54 
73.12 
7 3 - 1 3  
72.99 . . . .  

74.79 
74. R 8  
75.19 
75.34 

75.6 1 
75.86 
75 .81  
75.99 

75.24 
76.00 
76.40 
76.99 

74.47 
74.57 
74.69 
75.36 

76.04 
76.78 
77.34 
78.54 

74.25 
75.17 
75.97 
77.RU 

0.48 9.24 
0.67 9.72 
1.08 10.61 
0.17 8.74 

0.28 16.U4 
0.78 17.52 
1.12 1R.31 
1.80 19.83 

0.39 23.94 
1-10  25.50 
1.54 26.49 
2.57 28.52 

0 . 4 3  261.67 
1.27 30.33 
1.80 31.38 
3.00 33.67 

0.55 36.10 
1.59 38.16 
2.27 39.88 
3.73 42.61 

0.69 47.22 

2.95 51.16 
4.95 5U.80 

2.07 49.91 

. . .  

1660. 
167 3. 
1660. 
1703. 

285 1. 
2825. 

2807. 

3990. 
3970. 
3954. 
390 3. 

4700. 
4642. 
461 2. 
4546. 

5869. 
5804. 
5846. 
5755. 

7607. 
7485. 
744 3. 
7319. 

2827. 

.. 

1820. 9.6 
1728. 3.2 
1624. -2.2 
1861. 9.2 

3134. 9.9 
2950. 4.4 
2903. 1.7 
2808. 0.0 

4297. 7.7 
4182. 5.3 

3840. -1.6 

4751. 1.1 
4811. 3.7 
4675. 1.4 
4490. -1.2 

6058. 3.2 
6017. 3.7 
5894. 0 . R  
5587. -2.9 

7675.  0.9 

7393. -0.7 
7263. -0.R 

3987. 0.n 

7 8 4 ~ .  4.9 

172. 
164. 
149. 
lE6.  

166. 
154. 
147. 
135. 

159. 4 

a, 
aD 

149. 
143. 
131. 

157. 
196. 
140. 
129. 

155. 
145. 
14c. 
129. 

154. 
144. 
135. 
12R. 

. - . 

I’ JI ?$ t 
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Table C-45. Experimental data for R-600a condensing on tube F 

8-6001-0011 
8 -6 0 OA- 002 1 
8-600A-0031 
R-600A-0041 

R-600A-0051 
8-600A-0061 
R - 6 0 OA - 0 07 1 
8-6OOA-0081 

8-6OOA-0131 
8-6OOA-0 141  
R-6001-0151 
8-6001-0161 

R-600A-017 I 
8-6COA-0 181  

8-6OOA-0201 

R-600A-0211 
8-6001-0221 
8-6OOA-0231 
8-600A-0241 

R-6001-0191 

8-6001-0251 
R -6OOL-O26? 
8-6001-0271 

100.01 
100.97 
101.70 
103.00 

99.09 
100.60 
10 1.58 
10 3.46 

97.92 
99.67 

100.70 
10 3.22 

95.36 
97.03 
98.31 

10 1.14 

98.e2 
10 2.12 
104.12 
107.87 

9 5.95 
99.77 

102.85 

73.0 
74.0 
74.7 
76.2 

71.7 
73.7 
74.7 
76.7 

70.7 
72.7 
73.7 
76.7 

68.2 
€5.7 
71.2 
74.2 

71.7 
75.2 
77.3 
81.7 

68.7 
72.7 
75.7 

72.0 
73.0 
73.8 
75.2 

71.0 
72.6 
73.7 
75.7 

69.8 
71.6 
72.7 
75.5 

67.2 
68.9 
70.2 
73.2 

70.7 
74.3 
76.5 
80.7 

67.8 

0.06C4 
0.06 11 
0.0611 
0.0602 

0.0989 
0.0987 
0.0992 
0.0985 

0.1333 
C. 1306 
0.1292 
0. 1279 

0. 1537 
0.1479 
0.1469 
0.1448 

0.1902 
0.1898 
C. 1904 
0. 1890 

0.2260 

95.90 
97.04 
97.67 
98.64 

96.93 
98.21 
98.99 

1C0.60 

96.35 
97.78 
98.64 

100.62 

94.23 
95.28 
96.31 
98.71 

96.98 
99.9 1 

101.74 
104. 7 7  

90.46 

16. 27 
16.42 
16.40 
16.15 

26.61 
26.50 
26.59 
26.36 

35.87 
35.07 
34.66 
34.22 

41.48 
39.86 
39.53 
38.84 

51.15 
50.83 
50.87 
50.27 

60.96 

23.0 
7.6 
5.2 
3.0 

23.0 
7.6 
5.2 
3.0 

23.0 
7.6 
5.2 
3.0 

23.0 
7.6 
5.2 
3.0 

23.0 
7.6 
5.2 
3.0 

23.0 

16.8 
5.5 
3.8 
2.2 

16.8 
5.5 
3.8 
2.2 

16.8 
5.5 
3.8 
2.2 

16.8 
5.5 
3.8 
2.2 

16.8 
5.5 
3.8 
2.2 

16.8 

73U23. 
24249. 
16623. 
96  13. 

70392. 
23254. 
15900. 
9177. 

65859. 
21802. 
14913. 
8623. 

61691. 
20363. 
13953. 
A08C. 

59990. 
20000 .  
13737. 
7986. 

53380. 

97.30 
97.07 
$7.11 
97.06 

93.31 
92.98 
92.7 1 
92.3 1 

e7.48 

e6.94 
87.24 

86.53 

81.86 

e l .  14 
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79.54 
79.68 
79.59 
79.36 

70.33 

ei .33 

97.52 
97.66 
97.96 
98.45 

93.65 
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94.09 
94.57 
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89.53 

82.39 
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84.12 
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83.66 

71.08 
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1.39 5.25 
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1.38 8.17 
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0.41 10.22 
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3.00 15.19 

0.U9 13.24 
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2.01 16.15 
3.30 18.6R 

0.60 18.96 
1.78 21.55 
2.58 23.21 
4.29 26.36 

0.72 25.24 
71.7 0.2203 97.76 59.16 7.6 5 . 5  17939. 70.92 73.02 

2166. 
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2135. 

354 9. 
3523. 
3527. 
3481. 

4798. 
4673. 
4606. 
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6827. 
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6708. 
6571. 

8190. 
7879. 
7957. 

2.09 27.80 
75.1 0.2249 lCO.80 60.16 5.2 3.8 12374. 71.18 74.23 3.05 30.14 

R-600A-028I 103.29 76.2 75.5 0.2311 !01.22_ 61_.78_ .--sy2--- 3.-8 12381. 71-.22 74.29. 3-.07 30.49 
~. 

8163. 

1864. -13.9 
2116. -3.0 
2190. 0.7 
2071. -3.0 

3253. -8.3 
3509. -0.4 
3561. 1.0 
3375. -3.0 

4708. -1.9 
4716. 0.9 
4639. 0 .7  
4483. -0.9 

5634. 1.0 
5350. 0.1 
5219. -1.2 
4946. -4.1 

6884. 0.R 
6768. 0 . 5  
6703. -0.1 
6420. -2.3 

8297. 1.3 
7948. 0.9 
7904. -0.7 
7969. - 2 . 4  

eM J 

A02. 
5E2. 
'C4. 
3 9 2 ,  

609. 
475. 
416. 
335. 

452. 
! E l .  *o 
345. 0 
2A7. 

4 C t .  
343 .  
315. 
266. 

347. 
301. 
278. 
2 4 c .  

313. 
273. 
2c4. 

d 
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Table  C-46. Experimental data  f o r  R-600a condensing on tube F3 

R-6COA-001F3 100. 13 
A-bCOA-002F3 100. 64 
R-6CC1-00313 101.14 
R-6COh-00UF1 102.46 

R-6COA-005P3 99.51 

R-600A-007F1 101.60 
R-bCOA-008F3 103.52 

P-6COA-009 F3 98.70 
R-6COA-01023 95.87 
R-6COA-01113 1OC.95 
R-6COA-012F3 10 1.46 

R -6COA-013 F3 95.89 
R-6COA-014F3 9F.115 
F-6POA-015Fl 100.13 
R-6COA-Ol6FJ 103.52 

R-6COA-017F2 9C.73 
P-6COA-018?3 100.15 
R-6001-019F3 102.14 
R-600A-020F 3 l o t .  26 

R-6COh-O21F? 95 .76  
P-6COA-022F3 99.15 
R-6COA-023F3 10  1.53 
F - 6 r 0 4 - 0 2 4 F 3  l O C . 4 9  

R-6COA-025F3 94.86 
F-hCOA-026F3 99.79 
R-6001-027F3 103.00 
R-COOA-O28F? 10 e .  4 5  

R-6COL-006F3 10c.66 

73.2 
73 .7  
7 U .  2 
75.7 

72.  2 
73 .7  
74.7 
76.7 

71.2 
73.1 
74.1 
7 6 . 7  

68. 1 
71.2 
73 .2  
76.7 

cs.  6 
73.2 
75.2 
79.7 

68.  f 
72 .2  
74.7 
80.2 

67.7 
72 .7  
7 6 . 2  
82.2 

72.1 0.05E9 96.95 15.84 23.0 16.R 73470.  9 7 - 8 5  9 8 - 0 8  
72.7 0.0585 9 7 . 3 i  15.72 7.6 5.5 24287 .  47.21 97.81 

97.74 15.92 5.2 3.H 16602.  47.00 97.A5 
98.91 15.97 3.0 2 . 2  9581 .  96.74 9 8 - 1 6  

75.2 0.05P9 
74.6 0.0595 

71.5 0.0864 
72.7 0.0878 
73.7 0.0878 
75.8 O . O A n O  

70.6 0.1190 
71.9 C.1170 
73.0 0.1151 
75 .7  O.l lC9 

67.7 P.1457 
70.4 0.1451 
73.1 0.1459 

97.38 
9 8 . 4 C  
99.17 
C0.76 

27.21 23.0 
23.57 7.6 
23.55 5.2 
23.54 7.0 

9 6 - 9 5  31.73 23.0 
97.92 31.41 7.6 
99.69 30.99 5.2 
co.7c 3 1 - 9 1  1.0 

94.48 39.32 23.0 
96.61 39.04 7.6 
98.15 39.1A 5 - 2  -~ 

75.0 

6 8 . 6  
72.2 
74.3 
78.9 

67.6 
71 .1  
73.6 
79.1 

66.7 
71 .8  
75. i 
81.4 

0. 1470 100.97 

C.1744 95.21 
0.1754 9R.34 
0.1752 1 O O . O c  
0.1758 104.0 1 

0.2084 94.67 
0.20@3 97.65 
12.2096 99.97 
c.2100 104.21 

0.2347 93.58 
C.2364 93.19 
0.2364 101.28 
0.2372 106 .02  

16.8 7222C. 
5.5 23782.  

2.2 94c9 .  
3 . 8  16284. 

16.8 70057.  
5.5 23007. 
3 .8  15750. 
2.2 9100.  

16.8 66386.  
5 . 5  22039. 
3.fl 15111. 

39.70 

47.01 
47.08 
46.91 
46 .82  

56.21 
55.93 
56.14 
55.91 

63.UO 
63. 4 5  
63.19 
6 7 - 9 7  

1.0 2.2 

23.0 16.8 
7 . 6  5.1; 
5.2 3 .R  
3.0 2 .2  

23.0 1b.R 
7 . 6  5.5 
5.2 3 . R  
3.0 2.2 

23.0 16.8 
7 .6  5.5 
5.2 3.R 
3.0 2.2 

8761 .  

65522.  
21832. 
149RP. 

8685 .  

62643.  
20744.  
14243.  

8279 .  

60131.  
20229. 
13969.  
8139.  

55.61 
95.03 
44.91 
94.62 

92.85 
91.95 
31.75 
91.32 

88.13 
e8.08 
87.95 
87.70 

86.97 
E7.1': 
87.06 
86.65 

E3.C3 
82.56 
€2.41 
62. O R  

79.65 
EO. 39 
80.66 
e0.43 

95.9 3 
95.89 
96.15 
96.71 

93.27 
93.OR 
93.38 
94.06 

98.64 

89.98 
91.06 

87.57 
88.81 
99.47 
90.64 

83.73 
84.55 
85.27 
86.85 

80.114 
82.60 
8 3 . R U  
85.69 

89-48 

R-600A-029F3 90.9U 63 .7  62.9 0.2686 90.25 7L.AR 23.0 16.A 54294. 71.52 72.44 
R-6COA-030P3 96.24 6A.8 68 .1  0.2664 54 .9e  7 1 . R Z  7.6 5.5 18294.  72.30 74.86 
R-6COL-031F3 1OO.ib 73.2 72.3 C.77CP 98.97 72.62 5.2 3.R 12661.  72 .61  76 .31  

- .  R-6OOk-032F3 107.13 €0.7 79.9 0.27-~0-10_5.17 72.05 3.0 2.2 7429 .  72.71 7fl,82 

0.17 
0.59 
0. 84 
1.41 

0.26 
0.84 
1.24 
2.08 

0. 36 
1 - 1 0  
1.62 
2.7 3 

0.47 
1.40 
2 .03  
3.36 

0.55 
1.66 
2.4 1 
3.99 

0.66 
1.99 
2.86 
4.76 

0.75 
2.20 
3.17 
5.25 

0.88 
2.54 
3.69 
6.10 

2.17 
3. 14 
3 . 7 1  
5.02 

3.74 
5.20 
6.C7 
7.46 

5.64 
7.35 
8.39 

10.77 

7 .51  
9.66 

11.17 
14.14 

9. 46 
12.17 

17.61 

12.39 
15. 60 
17.69 
22.02 

14. 81 
1 8 - 2 9  
20.75 
25.39 

18.96 
22.66 
25. R O  
31.36 

13. a8 

. 

21OR. 
2089. 
2100. 
2114. 

3094. 
3133. 
3123. 
3109. 

4237. 
4 18 3. 
4101. 
4096. 

528 3. 
5215. 
521 4. 
5190. 

6304. 
626 5. 
621 4. 
6143. 

7554.  
7459.  
7447.  
7332 .  

R53R. 
8450. 
8352.  
R219. 

9900. 
9642. 
9662. 
9434. 

1921 .  -8.4 
2190.  5 .1  
2182 .  3.9 
2111 .  -0.1 

2955.  -4.5 
3164 .  1.0 
3201. 2.5 
3108.  -0.0 

4181 .  -1.3 
4183.  0.0 
11185. 2.0 
4075 .  -0.5 

5361. 1.5 
5311. 1 . A  
5265 .  1.0 
5016. -3 .3 

6346 .  0.7 
6 2 8 7 .  0.4 
6239 .  0.4 
5960 .  -3.0 

7550 .  -0.1 
7549 .  1.2 
7 4 2 2 .  -0.3 
7127.  -3.8 

8663.  1.5 
R326. -1.5 
8223 .  -1.5 
7853 .  -4.5 

10136. 2.4 
9641.  -0.0 
9583.  -0.8 
9123.  -3.3 - - - __ - __ 

9 37. 
647.  
545 .  
406.  

797 .  
C E C .  
496. 
381. 

724.  
546.  
U71. 
366. 

678 .  
5 i C .  

354. 

6 4 i .  
496.  
431. 
3 3 E .  

58F .  
1161. 
Y C 6 .  
3 i l .  

5=5. 
4u5.  
3fF. 
312.  

503 .  
410. 
'61. 

450. 

?90_*- 
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APPENDIX D 

r, 

%- 

SI CONVERSION FACTORS 

An attempt has been made to present all key tables and figures in 
The following conversion factors may be used dual units (ACU and S I ) .  

to convert from ACU to SI units: 

To conver from 

Btu/hr 
Btu/hr f t2 
Btu/hr ft F 

Btu/hr f t2- F 

B tu/ lbm 
Btu/lbm*OF 
ft 
ft2 
f t /hr2 
ft/sec 

a m  
in. 
lbf/ft 
lb /ft3 m 
lbm/hr f t 
lbm/hr f t2 
psia 

U ° F )  

To 
L 

W 
W/m2 
W/m* K 
W/m2*~ 

J/kg 
J/kg-K 
m 
m2 
m/s2 

m/s 
m3/s 
cm 

N/m 
kg/m3 
Paws 

Pa*s/m 
Pa 
A ( K )  or A("C) 

Multiply by 

0.2929 
3.152 
1.730 
5.675 
2.324 X lo3 
4.184 X103 
0.3048 
0.0929 
2.35 X 
0.3048 
6.309 X 
2.54 
14.59 
16.02 
4.134 X 

1.356 X 
6.895 X lo3 
0.5556 

TemperatuPe conversion: T(K) = 5/9 X [T(OF) - 323 + 273.15 
T('C) = 5/9 X [T('F) - 321 

. 
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