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1. GENERAL 

The scope of this study is to determine the short term overload 
capability of cable No. 116 in the event of the loss of one pole of 
the de transmission system. SUch a loss would result in the loss of 
250 MW of transmitted power. This exceeds the spinning reserve 
capability of the Hawaiian Electric Company on oahu. The maxinum 
allowable first contingency polver loss which_ can be accommodated by 
the available spinning reserve while maintaining the integrity of 
the system is 125 MW. The loss of one pole of the de system would 
therefore require an increase of 50 percent in the transmitted poY~er 
on the remaining pole for a period of time up to 4 hours. The 
surviving pole conductor during this period must therefore carry 150 
percent of rated power, i.e. 375 MW corresponding to 1250 anps. The 
findings are included in this report. 
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2. COOCLUSIONS 

1. Cable No. 116 can sustain 150% of rated load for greater than 
4 hours from the thermal and thermomechanical aspects, i.iJ. not 
exceeding the maxiEum allowable conductor temperature of 85 C and 
not exceeding a 60 C temperature difference between conductor and 
ambient, respectively. 

2. Cable No. 116 can sustain 150% of rated load for greater than 
4 hours from the hydraulic aspect providing that a second 
contingency, i.e. interruption of load or severance of the 
cable, does not occur during the overload period. 

3. In the event of a second contingency occurrence during the 
overload period, some length of cable would have to be replaced. 
The length would be limited by the presence of oil flow 
restrictors in the cable oil duct. On this basis, an overload 
corresponding to 150% of rated load can be considered acceptable. 

4. For the case of an :inpulse voltage super:irnposed on de voltage 
during the overload condition a reduction in safety margin of the 
BIL from 20% to 12% would be required to reduce the electrical 
stress on the outside of the insulation from 68.8 to the 
acceptable value of 65 kV/I!IIl. 

These conclusions apply- to the Alenuihaha Channel and to the Maui to 
Oahu routes except that for ~e latter route the feeding pressure must 
be reduced from 30 to 22 kg/em and minor changes in cable design should 
be considered. 
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3, CABLE DATA 

The cable considered in this study is a lxl600 !llll
2 aluminum 

conductor, paper insulated, lead alloy sheathed, metal tape 
reinforced, PE jacketed, double galvanized steel flat wire armored, 
PPE served self contained oil filled cable rated 300 kV d.c. 

The complete cable characteristics are shown in the document 
entitled "Hawaii Deep water Cable Program - Phase II - Cable 
Construction Specification" dated September 1985. This document 
describes the final design of the cable designated "Solution ll6" in 
the document "Hawaii Deep Water Cable (llDOC) Program - Phase II -
Final Report - Cable Design Parametric Study" dated ~~y, 1985. 

As specifically requested, the overload capability of the cable has 
been determined for time durations of 15 minutes, 1 hour, 2 hours 
and 4 hours. For reasons of completeness and for investigation 
other time durations are also shown. 

4. THERMAL CALCQLATIONS 

4.1 Thermal Conditions 

In accordance with the above mentioned documents, the 
following assumed thermal conditions for the design of the 
cable, were used in this study: 

Cable 
Location 

Thermal 
Resistivity 

Ambient 
Tetrg?erature 

Cover 
Depth 

··························o···············o················ ( C.m/W) ( C) (m) ...............................................•........... 
- Sea bottom (Bar) 
- Intermediate (IN!') 
- Shallow water (SHA) 
- Average assumed for by-

draulic purposes (HYD) 

1.5 
1.5 
1.5 . 

0.7 

3 
14 
25 

3 

100 
10 

3 

0.3 

NOI'E: Calculations of hydraulic transients are based on an 
average cable temperature along the cable route. The 
cable route may include naturally or artificially 
embedded sections as well as sections where the cables 
are not embedded. In order to establish an average 
conductor temperature for calculation of hydraulic 
transient, the above conservative HYD conditions were 
utilized. 
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4.2 QQnductor T~~atures at Rated Power and 100% Load Factor 

The calculation of the conductor temperatures at the rated 
power (250 MW corresponding to 833 Anps) was made errploying 
final cable design dirrensions and a rigorous method of 
calculation in accordance with the IEC 287 Publication. This 
is in contrast with the calculations for the Parametric Study 
in l'lhich the cable dimensions were not yet finalized and the 
method of calculation included some minor approximations. 

The computer program for the calculations was written in such 
manner that the conductor temperature is the input and the 
current carrying capacity at 100% load factor (continuous 
load) is the calculation result. Therefore an iterative 
method was used and only the final computer printout (CP) is 
shown. 

In this manner. the following temperatures were obtained for 
rated power under continuous load under steady state 
conditions: 

Conductor Temperature Drop 
TernPe~:anu:~ CondyctQt tQ AIDQi~nt 

.. oor 40 °C 37 °c (see CP 1) .. rnr 40 °C 26 °C (see CP 2) 
SHA 47 °c 22 °c (see CP 3) .. HYD 12 °c 9 °C (see CP 4) 

4.3 ConductQr Temperature at 150% Rated P9wer and J 00% Load Factor 

calculations were perforr!lel'l at 150% of rated power (375 MW 
corresponding to 1250 Anps) and 100% load factor (continuous 
load) • The purpose of these calculations was to select the 
thermal conditions for further study under transient 
conditions since if the cable temperature is acceptable under 
continuous load, it will be acceptable for any time duration. 

The calculated results are as follows: 

•• 001' 108°C and temperature drop 105°C (CP 5) 
Unacceptable for both thermal (conductor temperature 
exceeds 85°C) and thermornechanical constraints 
(temperatu!Qe drop between conductor and ambient 
exceeds 60 C) • FUrther study required for transient 
conditions • 

•• INT 80°C and terrferature drop 66°C (CP 6) 
Unacceptable for therrnomechanical reasons. 
FUrther study required for trffilsient conditions • 

• • SHA Bl°C and temperature drop 56°C (CP 7) 
Acceptable; no further study is required. 
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•• HYD 23°C and temperature drop 20°C (CP 8) 
Acceptable from a thermal point of view. However 
these conditions must be investigated considering the 
hydraulic constraints. Therefore, further study under 
transient conditions is required. 

4.4 Thermal Transient ~onditions 

The computer calculations are based on the theory described in 
the CIGRE paper "Current Ratings of Cables for Cyclic and 
Emergency Loads" - Electra No. 24, 1972. For engineering 
information the thermal transient for ror, INI' and HYD at 
rated load are shown in CP 9, CP 10 & CP 11, respectively. It 
will be noted that the steady state (*********) values of 
conductor temperature are in agreement with the values. shown in 
CP 1, CP 2 and CP 4, respectively. · 

The next step was the calculation of the thermal transient in 
the cable starting with the conductor temperature under steady 
state conditions (shown in the CP's as TAMB) with the 
application of 150% of rated load (1250 amps). 

The following results were obtained. (*) 

oor (CP 12) 

INI' (CP 13) 

Duration 
15·min 
1 hour 
2 hours 
4 hours 
12 hours 
24 hours 
steady state 

Duration 
15 min 
1 hour 
2 hours 
4 hours 
12 hours 
24 hours 
Steady state 

Qonducto0 T$mQerature 
43 c 
50 °C 
55 °c 
59 °C 
64 °C (**) 
67 °c (**l 

lOB °C (**) 

Conducto0 T§mperature 
43 c 
50 °c 
56 °c 
60 °c 
64 °c 
67 °C 
80 °c <**l 

(*) The results sho~m are rounded off. The calculations were 
performed with many decimal digits. 

SHA No investigation required (See para. 4.3) 

HYD Discussed in next section. 

Under BOT and INT conditions, the conductor temperatures are 
very similar and acceptable except for the Bar condition 
beyond at least 24 hours. The temperatures marked (*'") are 
not acceptable based on thermomechanical constraints. 
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It can therefore be stated that from the thermal aspect only, 
the required overload capability is acceptable. 

With reference to CP 12 and CP 13, it will be noted that the 
steady state temperatures were not printed out. 

5. HYDRAULIC CI\LCULA'l'IONS 

The computer programs are based on the theory shown in the CIGRE 
paper "Transient Pressure Variations in SUbmarine Cables of the Self 
Contained Oil Filled Type" - Electra No. 89, 1983. 

During the heating and cooling phases, which correspond to the 
application of load and to the postulated interruption of load 
respectively, the maximum transient oil pressure variation in the 
cable occurs at the middle of the route. In order to determine the 
pressure difference between the oil in the cable and the surrounding 
water, the difference between the water head and oil head, due to 
difference in densities has been calculated at the water depth 
midway in the route for the heating phase (200 m for Maui to Oahu 
and 1000 m for the Alenuihaha Channel) and at the maximum ~1ater 
depth for the cooling phase (700 m for ~aui to oahu and 1915 m for 
the Alenuihaha Channel) This approach yields conservative results. 

5.1 Transient Conditions at Rated LQO.d 

Cable No. 116 was selected from the Parametric study for Route 
2, i.e. one section of 100 km across the Alenuihaha Channel 
and another section of 152 km from Maui to Oahu. 

In the Parametric Study, the maximum feeding length for Cable 
No. 116 is given as 190 km. Further, in the Parametric study 
the requirements were such that the anomalous condition of 
having the coexistance of the maximum length and maximum depth 
was considered. In this study, the suitability of the 
hydraulic design is investigated, using the actual 
characteristics of the cable and routes. 

5.1.1 MaUi to Oabu 

CP 14 indicates the following: 

1) Thermal transient identica.l to CP 11 but with a 
time interval of 0.5 hour. 

2) The maximum positive pressure transient variation 
during the heating phase occurs after 120 minutes 
into the ~eating phase at a value of approximately 
13 kg/em (185 psi). The maxim~ difference 
between the water/oil head is 1 kg/em (14."2psi), 
and the cable feeding pressure is 30 kg/em (426 
psi), the oil pressure is highe~ than the water 
pressure by approximately 42 kg/em (596 psi), i.e. 
(30+13-1). This is an acceptable value since it is 
below the qualification test internal pressure 
withstand value with a sufficient margin. 
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3) The maximum negative pressure transient variation 
during the worst possible cooling phase was 
selected by the conputer arrong all possible 
transients when the load is switched off 1020 
minutes after the beginning of the heating phase. 
Under this condition, the maximum valu~of pressure 
variation is approximately 15 kg/ern (213 psi) 
after 150 minutes of the cooling phase. This is 
not evident in CP 14 but was confirmed using a 1 
hour time step. The maximum difference between 
water/oil he~d along the longest section of Route 2 
is 5 kg/ern (71 P2i), and the cable feeding 
pressure is 30 kg/ern (426 psi), the oil pressure 
is higherz than the water pressure by approximately 
10 kg/ern (142 psi), i.e. 30-15-5. The safety 
margin is larger than usual due to the anomalous 
design conditions assumed in the Parametric study 
(See 5.1). 

4) In case of a severance accident at one end of the 
cable, the positive oil pressuri gradient at the 
severance point is 0.14 kg/ern /krn (3.2 psi/mi) 
which is larger than the minimum required by 
experience (0.03). 

The results in 3) and 4) suggest the possibility that 
the feeding pressure may be significantly reduced. 
This aspect will be addressed later in the report. 

5.1.2 A1enuibaha Cbannel 

Similarly, CP 15 indicates the following for the 
Alenuihaha Channel. 

1. The thermal transient is the same as shown in CP ll 
except for the 0.5 hour time step. 

2. The maximum positive pressure transient variation 
during the heating phase occurs after 90 minutes 
into the2heating phase at a value of approximately 
10 kg/ern (142 psi). This is an acceptable value. 

3. The maximum negative pressure transient during the 
worst possible cooling phase was selected by the 
conputer among all possible transients when the 
load switched off 1020 minutes after the beginning 
of· the heating phase as in the previous case. 
Under this condition, the maximum valu2 of pressure 
variation is approximately 11 kg/ern (156 psi) 
after 120 minutes of the cooling phase. 
Since the ~mum difference between water/oil head 
is 10 kg/ern (142 fSi), and the cable feeding 
pressure is 30 kg/ern (426 psi), the oil pressure 
is high2r than the water pressure by approximately 
9 kg/ern (128 psi.), i.e. 3D-ll-10=9. As before, 
this pressure is higher than usual. 
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4. In the event of a severance accident at one ·end of 
the cable, the positive oil pr~sure gradient at 
the severance point is 0.21 kg/em /km (4.8 psi/mi). 
This value is larger than in the previous case. 

The results in 3) and 4) suggest the possibility 
that the feeding pressure may be significantly 
reduced'. This aspect will be addressed to later in 
this report. 

5.2 Transient Conditions During 150% of Hated r,qad 

Two different condbtions ot starting conductor temperature 
were considered, 12 C and 3 c. The 12°C starting conductor 
temperature is realistic since it is the steady state 
temperature determined in Section 4.2. The 3°C starting 
conductor temperature is highly conservative. At the inst~t 
of the loss of a pole, the cable could be cooler than 12 c. 
For example, when the load is reduced overnight, then 
increased to full load and after a few minutes, before 
reachbng steady state conditions, there is the loss of a pole. 
The 3 C starting conductor temperature is an extreme case and 
can be considered unc5.ealistic. A possible case would be 
intermediate between 3 C and 12°C. 

5.2.1 Alanuihaha ,Channel - Starting Conductor Temperature 
~ (TAHB in CP 16) 

· CP 16 indicates the folloWing: 

1. The thermal transient is not particularly 
significant since the assumed thermal conditions for 
HYD are not stringent from a thermal point of view. 
They are very stringent based on hydraulic 
considerations. 

2. The maximum positive pressure transient variation 
during the heating phase occurs after 60 minutes 
into the ;teating phase at a value of approximately 
17 kg/em (241 psi). The difference ~tween the 
water/oil head is conservatively 5 kg/em (71 psi). 
Hence, at this location the oil pressure is highe2 
than the water pressure by approximately 42 kg/em 
(596 psi), i.e. 30+17-5, which is an acceptable 
value. 

3. During the cooling phase, the maximum acceptable 
negative value of transient pressure variation fo~ 
this program under regular conditions is 18 kg/em 
(255 psi). The value of 18 was determined by 
subtr~cting from the oil feeding prerpure of 30 
kg/em (426 psi) the value of 10 kg/em (147 psi) 
corresponding to the maximum difference o~ 
water/oil head and the factor of safety of 2 kg/em 
(28 psi). 
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Based on preliminary calculations it was ~own that 
in some cooling transients the 18 kg/an maximllm 
acceptable negative value of transient variation was 
reached. For this reason, CP 16 1~as run with a 
long series of cooling transients. The rzsults 
inuicate that the limit value of 18 kg/em (255 
psi) is reached if the load is interrupteCI after 3 
l/2 hours into the heating (overload) phase, 90 
minutes after the beginning of the cooling phase. 
If interruption of the load occurs up to 4 hours 
from the beginning of the heating phase, the safety 
nargin is reCiuceCI but no dangerous pressures 
appear. FUrther discussion on this point is 
reserved until examination of the next transient 
condition in paragraph 5.2.2. 

4. The last page of CP 16 shows that the oil pressure 
gradient at the severancz point of this route is 
negative at -0.1283 kg/em /km (-2.93 psi/mi). This 
means that in the case of a severance accident at the 
far end of the route (100 km) during the overload, 
the sea water will enter the cable and some length of 
the cable will have to replaced. 

5.2.2 J\6enuihaha Channel - Starting Conductor 'T'enmerature 
IT (TAllffi in CP 17) 

CP 17 indicates the following: 

1. The thermal transient is not particularly 
significant for the reasons cited previously. 

2. The maximum positive pressure variation during the 
heating phase occurs after 75 minutes into heating 
(over2oad) phase at a value of approximately 20 
kg/em (284 psi). The difference b2tween the 
water/oil head is conservatively 5 kg/em (71 psi). 
Hence, at this location the oil pressure is highe2 
than the water pressure by approximately 45 kg/em 
(639 psi), i.e. 30+20-5. This is an acceptable 
value. 

3. The maximum acceptabl2 value of negative transient 
variation of 18 kg/em (255 psi) during the cooling 
phase is reached if the load is interrupted 
approximately 2 hours into the heating (overload) 
phase and approximately 2 hours after the beginning 
of the cooling phase. If the load is interrupted 
after an overload duration longer than 2 hours 
dangerous pressure variations can occur, i.e. the 
water pressure will be higher than the oil 
pressure. If the load is not interrupted but is 
gradually decreased, this danger does not exist. 
As a first approximation it can be proposed that 
the load be decreased at the end of the overload to 
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the rated value of 250 MW over at least the same 
period of time as the overload duration. After 
this period, the load could be switched off, if 
necessary. 

4. In the case of cable severance during overload, the 
situation is worse than indicated in paragraph 
5.2.1. 

5.2.3 Maui to Oahu-Startina Cgnductor Temperature 12°C 
(TAMB in CP 18) 

CP 18 indicates the following: 

1. The thermal transient is not particularly 
significant for the reasons cited previously. 

2. The maximum positive pressure variation during the 
heating phase occurs after 90 minutes into heating 
(over~oad) phase at a value of approximately 25.5 
kg/em (362 psi). The difference between t~ water 
head and oil head is approximately 1 kg/em (14.2 
psi). Hence, at this location the oil pressure is 
higher t~ the water pressure by approximately 
54.5 kg/em (774 psi), i.e. (30+25.5-1). This is 
in excess of the test value and is not acceptable. 

3. During the cooling phase, the maximum acceptable 
n~ative value of transient pressure variation for 
this 2program under regular conditions is 24.5 
kg/em (348 psi). The value of 24.5 was determined 
by s~tracting from the oil feeding pre~ure of 30 
kg/em (426 psi) the value of 3.5 kg/em (50 psi) 
corresponding to the maximum difference between thz 
water/oil head and the factor of safety of 2 kg/em 
(28 psi). 

The maximum acceptable negative val~e of transient 
pressure variation of 24.5 kg/em (348 psi) is 
reached if the load is interrupted 3 1/2 hours into 
the heating (overload) phase, 150 minutes after the 
beginning of the cooling phase. 

Another limiting value of 16.5 kg/em2 (234 psi), 
which will be explained in paragraph 5.2.5, is 
reached if the load is interrupted 2 hours into the 
heating (overload) phase, 150 minutes after the 
be<Ji.nning of the cooling phase. 

4. The last page of CP 18 sho-ws that the oil pressure 
gradient at the severance point is negative. This 
means that in case of a severance accident during 
the overload, the sea water enters the cable and a 
length of the cable will have to be replaced. 
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5.2.4 Maui to Oahu - starting Conductor Temperature 3°C 
(TAMB in Q> 19) 

CP 19 indicates the following: 

1. The thermal transient is not particularly 
significant for the reasons cited previously. 

2. The maximum positive pressure variation during the 
heating phase occurs after 90 minutes into heating 
(over2oad) phase at a value of approximately 28 
kg/em (397 psi). The difference bet~en the 
water/oil head i.s approximately 1 kg/em (14.2 
psi). Hence, at this location the oil pressure is 
highe2 than the water pressure by approximate 57 
kg/em (809 psi), i.e. 30+28-1. This is in excess 
of the qualification test internal pressure 
withstand value ancl is not acceptable. 

3. During the cooling phase, the maximum acceptable 
negative value of transient pressure variation for 
this 2program under regular conditions is 24.5 
kg/em (348 psi). The figure of 24.5 plus 3.5, the 
maximum difference between water head and oil head 
plus ~· minimum acceptable safety margin, equals 30 
kg/em (426 psi) the feeding pressure. 

The maximum acceptable negative v~e of transient 
pressure variation of 24.5 kg/em (348 psi) is 
reached if the load is interrupted 3 hours into the 
heating (overload) phase, 180 minutes after the 
beginning of the cooling phase. 

If the load is switched off after an overload 
duration longer than 3 hours, dangerous pressure 
variations can occur, that is the water pressure 
will be higher than the oil pressure. If the load 
is not switched off but it is gradually decreased, 
this danger does not exist. 

The second limit considered of 16.5 kg/em2 (234 
psi) is reached when the load is interrupted 110 
minutes into the heating (overload) phase and 
approximately 3 hours after the beginning of the 
cooling phase. These values were determined 
through interpolation of the data in CP 19. 

4. The last page of CP 19 shows that the oil pressure 
gradient at the severance point is negative. Thi.s 
means that in case of a severance accident during 
the overload, the sea water enters the cable and a 
length of the cable will have to be abandoned. 

-11-



5.2.5 Maui to Oabu. Reduced Oil Feeding Pressure EffeCts 
on overload Qonditions. 

)l_s s~ in paragraph 5 .1.1., when feeding at 30 
kg/em the safety 1nargin for both conditions: 

•• difference between water head and oil head during 
the worst possible cooling transient phase and, 

•• oil pressure gradient in case of severance accident 

are much larger than usual. 

Of the two conditions cited above, the results of 
calculations indicate that the condition of 
maintaining acceptable oil pressure gradient in the 
case of a severance accident is controlling with 
regard to a reduction in oil feeding pressure. 

In CP 20 it is shown that the feeding pressure of 22 
kg/em2 (312 psi) could assure at the sevezance point 
an oil pressure gradient of 0.032 kg/em /km (0. 731 
psi/mil which is an acc~able value. With a feeding 
oil pressure of 22 kg/em (312 psi), adjusting foz the 
water/oil head pressure differential of 3.5 kg/em . (50 
psi) and the factor of safety of 2, the maximum 
acceptable .value of transi2nt pressure variation 
during cooling is 16.~ kg/em (234 psi). Therefore 
the value of 13 kg/em (185 psi) shown in paragraph 
5.1.1 for the positive pressure transient variation 
during the heating phase under rated loo.d is 
acceptable. 

This is t2e basis for having made reference to the 
16.5 kg/em (234 psi) value in 5.2.3 and 5.2.4. 

Adopting 22 kg/cm2 (312 psi) shown in paragraph 5.1.1 
for the positive pressure transient variation during 
the heating phase under rated load is acceptable. 

This is t~e basis for having made reference to the 
16.5 kg/em (234 psi) value in 5.2.3 and 5.2.4 

Adopting 22 kg/em2 (312 psi) as the oil feeding 
pressure, the maximum positive pressure variation, 
durin2 the heating (overload) phase is added to 21 
kg/~ (298 psi) of iffiP2sed static pressure, i.e. 22 
kg/em minus 1 kg/em for the water/oil head 
difference resulting in pres~ure differentials betwee12 
oil and water of 46.5 kg/em (660 psi) and 49 kg/em 
(695 psi) for the conditions shown in 5.2.3 and 5.2.4, 
respectively. These values are below the test value 
although the safety margin is low. However, it is 
possible that with minor changes in the cable design, 
e.g. a small increase in the conductor core diameter, 
a reasonable margin of safety could be achieved. 

-12-



There are of course I!IOre elegant solutions for the 
link between Maui to oahu, e.g. intermediate landing 
in Molokai, different type cable, but they are outside 
the scope of this study. 

6. ET.ECI'RICI\L CALCIJIATIONS 

The results of a complete set of electrical calculations are shown 
for cable No. 116. The results are I!IOre detailed than in the 
Parametric Study because both the cable characteristics and required 
performances are now well defined. 

6.1 Rated Load Conditions 1833 Amps) 

Hottest thermal conditions (SHA). 
Temperature drop across the insulation (including shields) = 4 
deg. c. 
Electrical stress (kV/rmn) Inside 

Insul • 
outside 
Insul. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

capacitive 
Resistive (in operation), cold 
Resistive (in operation), hot 
Resistive (load cycle test), cold 
Resistive (load cycle test), hot 
Impulse with no d.c. 
Impulse superposed d.c. ow. pol., cold 
Impulse superposed d.c. opp. pol., hot 
Impulse superposed d.c. same pol., cold 
Impulse superposed d.c. same pol., hot 
Polarity reversal (at 1.5 Uo), cold 
Polarity reversal (at 1.5 Uo), hot 

All the above values are acceptable. 

6.2 Qverload conditions 11250 Ampsl 

32.8 
30.1 
26.7 
58.5 
53.9 
84.7 
87.3 
90.7 
81.9 
78.5 
54.0 
58.1 

23.3 
25.2 
28.2 
51.9 
56.0 
60.2 
58.2 
55.2 
62.0 
65.0 
31.4 
17.8 

The worst thermal conditions were chosen for the calculations: 
INT, where after 4 hours overload the conductor temperature is 
around 60 deg C with a temperature drop across the insulation 
(including shields) around 11 deg C (CP 13). 

Electrical stress (kV/rmn) Inside 
Insul. 

OUtside 
Insul. ......................................... " .................... . 

capacitive 
Resistive (in operation), cold 
Resistive (in operation), hot 
Resistive (load cycle test), cold 
Resistive (load cycle test), hot 
Impulse with no d.c. 
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32.8 
30.1 

22.8 
58.5 
48.5 
84.7 

23.3 
25.2 

32.0 
51.9 
60.9 
60.2 



Inpulse superposed d.c. opp. pol., cold 
Illlpulse superposed d.c. opp. pol., hot 
Impulse superposed d.c. same pol., cold 
Impulse superposed d.c. same pol., hot 
Polarity reversal (at 1.5 Uo), cold 
Polarity reversal (at 1.5 Uo), hot 

87.3 
94.6 
81.9 
74.6 
54.0 
62.9 

58.2 
51.4 
62.0 
68.8 * 
31.4 
23,3 

(*) All the above values are acceptable, except the one marked 
with an asterisk, The maximum allowable value for that 
condition is 65.0. 

6.3 Possible Test Cgnditions 

If tests under overload conditions are required, the lo~ 
cycle and polarity reversal test should be carried out at 90 C 
conductor tarperature and 1250 anps load. These conditions 
could be obtained by inserting around the cable additional 
material having high thermal resistance, e.g. asbestos tape. 

The relevant electrical stress values under the test 
conditions with the cable hot are indicated below. The 
results in case of cold cable would be unchanged. 

Electrical stress (kV/mm) Inside 
Insul. 

ruts ide 
Insul. 

0 0 •• o e o e o o 0 0 0 o o o 0 0 0 0 o o o o o 0 I o o o o a 0 o 0 0 o • 0 o 0 o o ·:-'-· o 0 0 0 0 0 o 0 0 0 o 0 0 o o o o 

Resistive (load cycle test) 
Impulse superposed d.c., opp. pol. 
Polarity reversal (at 1.5 Uo) 

The above values are acceptable. 

7. IUSCQSSION OF RESDL'I'S 

49.2 
94.1 
62.3 

60.3 
51.9 
23.9 

Cable No. ll6 can sustain 150% of rated load for greater than 4 
hours from the thermal and thermornechanical aspects, The hydraulic 
and electrical constraints are more stringent and require 
consideration of · possible contingencies that may occur 
siru.lltaneously. 

In the following the significance of these contingencies will be 
discussed to enable the system engineer to consider the likelihood 
of their occurrence and to evaluate the consequences thereof. 

7.1 Cable Severance 

The probability of a simultaneous cable severance at one end 
during overload due to loss of a pole must be evaluated. 
Since complete cable severance is a rare event *(once during 
the cable life) during loss of a pole (first contingency) nust 
be considered as a low order of probability. 
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However, in the event of cable severance, oil leakage could 
occur. Some length of cable would have to be replaced in this 
event due to ingress of water. The quantity of cable to be 
replaced would be limited by the presence of oil flow 
restrictors in the cable. 

7.2 ~ater Pressure Higher Than Oil Pressure During Cooling Phase 
After Overload 

This is of concern since in the case of previous external 
damage to the lead sheath instead of oil leakage from the 
cable, which would not inq;>air its serviceability, the water 
could gain ingress to the insulation precipitating an 
electrical failure. In this event, same length of cable would 
have to be replaced limited, as before, by the presence of oil 
restrictors in the cable oil duct. 

The likelihood of water gaining ingress to the insulation as 
described above is contingent on the probabilities of the 
following simultaneous conditions: 

The existence of previous external damage to the lead 
sheath. 

The location of this damage in the lead sheath to a cable 
section of high depth, i.e. water pressure higher than oil 
pressure. In this regard, based on experience the 
likelihood of external damage to the lead sheath in deep 
water is very small. 

*SUbmarine cable failure statistics are available in CIGRE 
papers. The latest paper soon to be published is CIGRE 1986 
Paper 21/12 entitled "Methods to Prevent External Damage to 
SUbmarine cables". Reference can also be made to PCC 
document "Hawaii Deep Water cable (EIJ!oK:) Program - Draft 
Cable Repair Rationale. 

• The duration of the overload condition for more than 2 hours 
starting from a cold cable. 

A second contingency forcing sudden interruption of the 
overload rather than a gradual decrease in the load as 
discussed in 5.2.2. 

7.3 ~trical stress 

The electrical stress on the outside of the insulation in the 
case of impulse superimposed on de of the same polarity with 
the cable operating in the overload mode is 68 kV/mm compared 
to the maximum acceptable value of 65 kV/rnm. The first 
consideration in this regard is the probability of the cable 
being subjected to impulse while in the overload mode of 
operation. A second consideration is as follows: 

... 1 'i-



The electrical calculations involving inpllse were performed 
at the required BIL of 775 kV, i.e. 2.58 Uo. 

The lightning arrestor level is 2.15 uo. The 2.58 Uo BIL 
corresponds to 2.15 uo plus a safety factor of 20%. 

Using 2.15 uo, the electrical stress under consideration is 
58.8 kV/mm, an acceptable value, compared to the value of 68.8 
kV/mm corresponding to 2.58 Uo. The maximum acceptable stress 
level of 60 kV/mm corresponds to 2.408 Uo which corresponds to 
a factor of safety of 12%. 
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8. SUMMARY DATA 

MAUl to Oahu-Rated Load ---

Theormal 

Heating Phase 

Cooling Phc.se 

Severance 

O.K. 

42 kg/cm2 oil to water 
pressure differential. 
Acceptable 

10 kg/cm2 oil to water 
pressure differential. 

.Higher than normal 

Positive oil pressure 
in case of severance 

ALENUlHAHA CHANNEL - RATED LOAD 

Thermal 

Cooling Phase 

O.K. 

35 kg/cm2 oil to water 
pressure differential. 
Acceptable: 

2 9 kg/em oil to water 
pressure differential. 
Higher than normal 

SUMMARY DATA 

MAUl to Oahu-150% Rated Load 
Starting Conductor Temperature Tc=l2°C 

O.K. 
2 54.5 kg/em oil to water pressure 

differential after 90 minutes into 
overload phase not acceptable; excess 
of test value 

2 Safety factor of 2 kg/em if load 
is interrupted after 3.5 hours of 
the overload phase; 150 minutes 
after beginning of cooling phase 

Negative oil pressure gradient in 
case of severance during overload 
condition 

ALENUIHAHA . CHANNEL - 150% RATED LOAD 
Starting Conductor Temperature Tc=l2°C 

O.K. 

42 kg/cm2 oil to water pressure 
differential. 
Acceptable 

. 2 
Safety factor of 2 kg/em if load 
is interrupted after 3.5 hours of 
the overload phase; 90 minutes after 
beginning of cooling phase. Inter-
ruption of load 4 hours into over-
load phase also acceptable 
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MAUl to Oahu-15 
Starting Conduc 

O.K. 

57 kg/cm2 oH t 
differential. af 
overload phase 
excess of test 

Safety factor o 
is inter.,-;upted 
the overload pt 
after beginning 

Negative oil p1 
case of sevE~rar 

condition 

ALENUIHAHA. CHA! 
Starting Condu< 

O.K. 
2 45 kg/em oil 

differential. 
Acceptable 

Safety factor < 
interrupted afl 
load phase; 121 
of cooling r·ha• 
later than L h< 
pressure 1s :!ii] 
Not acceptable 



8. SUMMARY DATA (CONT'D) 

I'.LENUIHAHA CHANNEL - RATED LOAD 

Severance Positive oil pressure 
gradient in case of 

ALENUIHAHA CHANNEL - 150% RATED LOAD 
Starting Conductor Temperature Tc-l2oC 

Negative oil pressure gradient in case 
of severance during overload condition 
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ALENUIHAHA.CHANNEL-
S:tlllrtillg;Conductor Te 

Negative oil pressure 
of severance during c 
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l"I~ERMAL AND El .. ECl.RI!~AL CALCUL.A"fJ:ONS 

ELECTRICAL RESISTANCE OF THE REINFORCEMENT at 20 "C - 0.227 ohm/km' 
INCREASE IN THERMAL RESISTANCE DUE TO MUTUAl HEATING C"C.m/Wl 
calcl!lated reSJJect <:)f cable n* 1 
CONDUCTOR RESISTANCE at 40 "C : 
CPrr-=·ACITt~NCE : .-.~566 ftlic·roF/krrt 
CABLE THERMAL RESISTANCES Ti'-' 

·- ... 2977 of cable n~ 2 -~ 
in d ... c: .. :::: (·) ·' O~?O·i ohrn./kttl 
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.... 0 ·' 0000 ·)(··)(-·)(· 
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CURRENT CARRYING CAPACITY = 833 A 
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THERMAL AND ELECTRICA( DATA OF THE CADLE MATERIALS 
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LOSSES : CONDIJCTUR 
EXTERNAL TEMPERATURE 

(,_-:·r·nd ~::~~-:tC:h Ci:ibl.(-~· tJtith its· C)(J.I'Ct J.D.!~S-f-~S 

-- 14~33 W/m (far· ea!:h [ll·lase) 
b~~~·in9 

OF THE CABLE = 40.8 "C 
ST•'rR F:JC:i;CTtri'-!C::E 0.-.000 nhtn/krn 

CURRENT CARRYING CAPACITY = 833 A 



·' CP 4 

i2f·li/H~) 

:..::~·.• .. ,_ •... 

:;) CADLE TYPE (Pir·el.l.i'.!; dF,si<J'r"•dtion) "" t.C3HLB·IEN . ..!LJZ.J/ :·:\00. 
1x1600 MM2 300.0 kV 0 Hz 
ELECTRICAL RESISTANCES AT 20 "C (uhM/kM) : 

- _,--~~--:- c Oi"'id .. ::: 0 _, 0 i B60 sc '( (-:~(-:-~-(t ~=: ·l(- ·)(··)(··)(· ·)(· ~~~: ·)(· s·h E~a t h :::: 0 ... 2~:> :::; 9 ;:,·c ft)D u. r· :-::: 0 .. :·1 3::5 3 

CONSTRUCTIONAL DATA 
• 

PI l'd1E TEl'~ S ( ft) (!j ) oi I. d-uc:t c:c:··nd .. c:o·nd .. 5·t~·c ... i·n$ul. .. cor·e scr ... · sheath/scr· ... 
25 ... 00 51 ... 90 53~18 75~00 76.,18 D~?.,DO 

.,. il'l$ide l-f!infor·c~:-":ill(·:-~nt ':;: a;·5 ... 40 
reinforc~Ment - 84.60 ' .-- .. 

PE sheatt) - 93 .. 50 :3 o\ 5 I~ c Aft)/ i~ . 
-·•--'"' ·- -- TAPES arMour - 94.40 . ·: •c•.:,:.;. . .. 'I 

' .... 

) .. ~---

) 

) 

J 

JUTE O'r" PPE bedding - 96.60 
FLAT WIRES arMour. - 102.60 

"l'hE~\Y'iftd l r· (-?s· . ·- 4 . 0 
:··· ~--

"C .• r,;/W.·', 
.ri' > -.-.;: C:"-.::· 1 

Jl.J'I'E or PPE bedd!ng -- 105 ... 80· the-~~ it"ta I. Te.S . .•. 4 . 0 "c . rn 1 vJ ., .. 
FLAT WIRES arMour - 111.80 
JUTE or PPE bedding - 118.40 t h (::·r fll.i':t I. r·es . .... 4 . . 0 

THERMAL AND ELECTRICAL DATA OF THE CABLE MATERIALS 

THERMAL RESISTIVITIES ("C.M/Wl : insulation= 5.0 ground • .7 
TEMPER.COEFF. (1/"Cl : cond.= .00403. sheath/scr.• .00400 reinf./arM.= .00J 
Mf-,X. OPI:J<ATION TEi'IPEI'~AT!JF(ES. ("Cl: r:cmducto1· ·- ·12 Edilbicnt -· 3 
RELATIVE PERMITTIVITY = 3.50 TAN DELTA AT OPERATINt TEMP. • .0026 

ENVIRONMENTAL CONDITIONS 

D1ULY 
Laid 

LOAD FACTOR- 1.00 DIRECT BURIED CABLES laying depth - .30 M 
in FLAT FORi'IATION SHI:OI\THES ''" SOL I D BONDED ·,, . ·"·•""' ,. 

CABLES LAID ARRANGEi'IENT IMM) 
df,Pi"h ·· int'-'·r-;,;x.d i.!>'lanc:e .. 'i,;.'-•· 

300 () ~-~.'" 

._, . .-,.,· 

,,_,....._. ....., .. ,_ 

1 
'1 
~ 300 60000 

THERMAL AND ELECTRICAL CALCULATIONS .... ',':. -•;,,:-.~ . 

ELECTRICAL RESISTANCE OF THE I":EINFDRCEi'IENT at 20 "C -- 0. 227 cii"H•l(kcn~c>~i-'' . 
INCF\EASE IN THEI'(i'!/',L F(ESISTP.,NCE DUE TD t1UTUAl. HEr-lTING ( "C,m/Wl.:.- <"<,,i<:~··'·'·· 

~~~g~g6~d~(~~~:~~:~~c~f a?b ;; ~~; ~ 'in ;1?~?0 = 0.~ff:l~,,~~~~~~~~:.2;:~!:;.;~;;? .. ~.;;,~"~;;;;;;:;,····. 
Cr',PACITr;NCE : .. ~';6(:, rnir:ToF/krn DIEL.ECTI·!IC LOSSES': 0·.ooo· V.J/r,.,. 
CABLE THERMAL RESISTANCES : T1= .3054 T2=0.0000 T3= .• 1265 "C.M/W 

SCR./SHEATH/REINF. : I'':ESIST .. AT 7.D ·c .... 
" ! ·j ~> ~.~ 

SCR./SHEATH/REINF. ; f':ESIST. ,,,r 7 .B oc ... ,·, 1 1 J::· '') . . .) .:~ 

I...OSS FACTOF( c<.;:ontr·e cab l,p 

ou·t~r cable Lea!ji11g pl1ase 
" I.E1(.:J9 i ng 

ARMOUR RESIST. AT 7.8 "C 
GROUND TliERMAI... RESISTANCE T4 -
EQUIVALENT MUTUAL HEATING : 

0 .. ~51"'?3 ohm/l<rn 
,., I::·-?' ~~f.' ... . II'!/ 11.,1 ! ,.1 'l I' I ., ·' ... .. ) .. ' \ ' .. c . ,. 

.,0(-)0 ~~c,.m./1;.1 (dai L'l 

. ~--t-:- '•\<!'-: '!:'' ~'--'::''·~(1,-,;· . 

m:ACT. =• cl. 0000~ ohm/kr,l' 
REACT. = 0.0000 ohM/kM 

= cl .. 0000 o)(· ·)(· ·)(· 

·- 0 ,, 000() ~(· ~i: .)(. 

... 0.00(1() ·)i: ·)(• ~(. 

l .• ·fA J)eing C<Jl'l£i!Jer·e(j) 
l..f. being considered) 

(and es!::!1 caiJl.e with itj~ own Loj~ses JJeir1g c:cJnsider·!:!!:l) 
LOSSES : CONDUCTOR - 12.46 W/M !for each phase) 
EXTERNAL TEMPERATURE OF THE CABLE = 6.2 oc 
STAR REACTANCE • 0.000 ohM/kM 

CURRENT CARRYING CAPACITY = 833 A 
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-PROGF(AM 
_,_, 

- ·: " ' ...... '. 
IECDV --- DATE 21/01/86 

DESIGN DATA 

CABLE TYPE (Pin~ I. I. i 's dr~s i 9na t ion) "" AC:5HL.fr1 EN.JZJZ..J/ :500 
1x1600 MM2 300.0 kV 0 Hz 
ELECTRICAL RESISTANCES AT 20 "C CohM/kM) : 

c:ond.= <L01B60 

CONSTRUCTIONAL DATA· 
;, 

CP 5 

DIANETEHS (nlm) : oil duct cond. concl.sc:l-. insuL. cor~~scr: stleath/scr~~ 
2~>.00 ~>1 .. 9~> ~5:>.ta' 75.~H~ 

inside reinforcement 
l"e i nfm·cer.H;on"t 
PE· sheath··•··•·+'' 
TAPES armour 
JUTE o~ PPE bedding 
FLAT WIHES arMour 
..JUTE or PPE bedding 
FLAT WIRES arMour 
JUTE or PPE bedding 

- ~ --.. 

··-
.... 
:=: 

::::: 

-
:::: 

·-
--
-

0:3.40 
B4.!.><~·· 

9;3. ~50 
94.40' 
96.60 

102.60 
105.80 
1 1 1 .80 
1 ·!8. 40 

"lb.iW- 8::>..BO;, 
·J 

t h f?l'lil c.l"l l"f?S.= 3a5 • G ; 1•1/IJc:"··· 

i' h c-:-:o ) .. fl}t:t l ~~ (:~ .s: "' :::: 4.0 "C.rn/W' 

t h (·?')~ fl)c3 !. r·es .. = 4.0 "C.t,l/W· .. 

t h ~?r tnc:r !. r· <~::- :S' .. = 4.0 ·c. r,,;,J~ 

THEHMAL HESISTIVITIES I"C.w/W) : insulation= 5.0 

TEtiPEF(.,COI:.FF. <1/•C) : c:oncl."' .00403 .l>hr;~ath/scr·.'" .00400 l""E·inf./ano." .. 00:59. 
MAX. OPEHATION TEMPEF(ATUf~ES ("C) : c:ond!Actor = iOB <Hobicmt .... 3···~ 
RELATIVE PEHMITTIVITY_= 3.50 TAN DELTA AT O~ERATING TEMP. = .0026~, 
·' ::_ - ·~ ,_._;;.~ ,~,~-- · _ 0,.:.··~- --·. - : •• -. , .... : •• :..:.~-~ i ";:'_~- .. -- · 

ENVIRONMENTAL CONDITIONS 

DAILY LOAD 
Laid in 

Fr~CTOH = 1 • 00 
FLAT FOf·<MATION 

CABLES 

DIRECT BURIED CABLES laying depth - 100.00 10 
SHEATHES = SOLID BONDED 

LAID ARRANGEMENT (mm) ·c --···· 

n" cl~?pth inte)l""ax.r:listance 
100000 0 ···;•:·· -·, .. -:_'• 

2 100000 60000~, 

THERMAL AND ELECTRICAL. CALCULATIONS 

ELECTRICAL HESISTANCE OF THE REINFOHCEMENT at 20 "C ~ 0.227 ohM/kw~~ 
INCHEASE IN THERMAL HESISTANCE DUE TO MUTUAL HEATING C"C.M/Wl 
calculated respect of cable n" 1 
CONDUCTOH RESISTANCE at 108 •c : 
CAPACITANCE ' .566 wicroF/kM 
CABLE THERMAL RESISTANCES : T1~ 

= .2977' -~of cable n" 2 • 
in d.c. a 0.0252 ohw/kw 

DIELECTRIC LOSSES : 
.3054 T2=0.0000 TJ= .1265 

• 2977 •. '"·· ' 

0. 000 I,J/ to · 
"C .t11lW 

SCR./SHEATH/REINF.: 
SCR./SHEATH/HEINF.: 

RESIST. AT 9!.>.2 "C = 
RESIST. AT 96.2 "C -

centr<-::o c;:lb 1.(·:~ 

.1~576 

. i 576 
REACT. = 0.0000 ohM/kw 
I'<EACT. '" 0 ·' 00(-)0 ohw/kr•l . ~ 

LOSS Fr~CTOH -· 0. ()()()() lHH~ 

• • outer cable Leading phase 
" " 

ARNOUR RESIST. AT 96.2 
GROUND THERMAL RESISTANCE T4 
EQUIVALENT MUTUAL HEATING : 

I. a~.;!~~ i ng " 
•c • 0~4:331 ohwlkM 
·-1.~94(-)uC .. fll/kl (di:"!il."i 

.. :;.~1)!3 "C. 111/W ( cl a i I. y 

. ... 0.0000 

... 0.(1000 

I .• f. 
LL 

LOSSES : CONDUCTOR 
EXTEHNAL TEMPERATURE 
.HAl\ HEP,CTANCE 

(and <·:-~ach cab I.E• with i l.!:: DIJ..•Yl I.C~s·s(.;.~s 
• 39.41 W/M (for each phase> 

b<~ i ng 
b(·:~ i n9 
b(·:~ i n~:J 

OF THE CABLE= 91.2 "C 
- 0.000 oht,Jlkm 

·)(·-)(··)f 

~(· o){· •)(o 

cons icfm·(~d) 
c: ons idE~~~ f:.~d) 
c Oli.S" i d r::.•r f:~d) . 

.-



.,·.,\,'1 1 l I •-J-~ --···· l,_..t"' I:) 

DESIGN D1HA 

CADLE TYPE < F' ire l I. i '.s d e.s i q nat ion) =• f~~c:~HLB I EN.JZJZ.J/ 300 
lx1600 mm2 300.0 kV 0 Hz 

: -- EL.ECTI\ICAL I'<ESISH1Nc"ES AT 20 "C (c)hm/kl•l> : 
... '-~~-- ccnd.• 0.01860 screen=••••••• sheath~ 0.2589 

,-----···-·-··'"'-·-·"-·--·-----~ CONSTF<UCTJONAL D1HA -''-·- - · 

'-::--· Dif>1METERS <mm): !Jil. duct cond. cond.SCl", in.s-ut.·corr~ .scr. 
;!5.00 :51.90 ~'i3.1B 7~L00 "?6.18-

in.side reinforcement - 83.40 
\ - -

·- -·~•·-r··-. 

.S"hf:.7i:l th/.~;c:r·:: .. ~-. 

82. 8(') 

' ·-~·-·-·--- reinforceMent -- 84~60 
F'E !>h!;,ilth 

r---:-;_~.-~~-- ----~--------·· T M''ES ·-- -- - ;n·11\P ur 
:::; 

-
9:5.50 
94.40 

thenna L r· c-:~.H" .. = _3.5 "C.111/W' 

JUTE or F'PE bedding 
.·.:-. ·- 96.M) thermal res.• 4.0 "C.m/W 

FLAT WIF~ES oH'IilDUl" · 
)-:;:~; ______ :~~-==--:=---~ .JUTE <ll- PPE b<~dcling 

.... ·j 02.60 
·- 1 O~>.B0 

- --'---- ------- ·--·----···---------- . FLAT WIRES armour 
JUTE or PPE bedding 

·- 1 1 1 .B0 
;::: 118.40 , . · .. 

·---------·~------~-'--·· :_. --
. , •-"--'-··'--.{:(.'.. THERMAL AND- ELECTI,ICAL DATA OF THE CADLE MATERIALS -

. ----- ) 

THEI\t1AL RESISTIVITIES-<oC.w/W): insulation= 5.0 gr·ound = 1.5-· 
TE~IPER.CDEFF·. (1/°C) : concl.• .00403 !>IH?,,th/.s-cl'."' .-')0400 ,-f~inf./al"lll.• J)03? 
MAX. OPERATION TEMPERATURES C"C) : conductor = B0 ambient = 14 
RELATIVE PERMITTIVITY = 3.50 TAN DELTA AT DPERATING TEMP. = .0026 

ENVIRONMENTAL CONDITION~ 
' 

--' -DAILY LOAD FACTOF< = 1 • 00 DmECT BUF<IED CAF<LES l.aying clr~pth =---·10.00 ill 
Laid in FLAT FORMATION SHE!HHES "' SOLID BONDED .. - · -----~~ ·- - · 

: .. , .... ;C;'i;:c2: .... : ..... : c<c_ . .... .. . CADLES . ~ ;t .,:;,, . ·~·.' ' -·-.-~ LAID "AI::.:F:ANGENE-NT <-r!Hrl) ------ _____ _. _______ .. _____ , ___ ,._, _______ _ 

:·;;, d ep t h i n t <~r a x ... cl ·j $ t tr1 nc e ~--.- -- - -~--- --- --·--:~- _·~------i.·::.+-----<-. ·----------~---------,---··-- ...... ····--· ..... - . n ~) 

_ .... .;..-:-:~':]:·"t.~-~~:~:~ .. ~7"~~- .. ---- --:.~~,---··· ·-. 
2 

10000- 0 . - -·· .. ·.L.._ .. _____ , ___ ~------+-----· 
100(~0· 600oo· .·.· -- ----~ .. ' .... ~:_.:.~....:..,. _..;~·----·-:- __ ' .;.....,_ ____ ~-- -· 

--~-.;~.:... ,.,,:...:· __ ·._~ ·-. 

-.-<'• n__,- '"-" • ~--- -·-• 

) -~-·------··----------- .. 
THEF<MAL AND ELECTRICAL CALCULATIONS 

---,:--· ELECTRICAL RESISTI'diCE DF THE l'::f.'-INFDRCEriENT at 20 "C = 0.227 ohillli<lll·'-----
..: ·.· :. __ · INCREASE IN THEf<t1AL. RESISTi;NCE DUE TO MUTUAL HEATING ( •c .w/W) -- -- -----
, __ ,_calcu.l.atr~d l"f.!$pect of cabl.e n• I~' .0126 -- of cabl.e n• 2 = .0126--' 

, ..... COI-oiDUCT()F( RESISTANCE at B0 "C : in d. c. "' ('). 0231 oh11lll<11l -------- .......... . 
" __ ;:_;,. CAPACITANCE :- • ~566 ill i c1·oF /kill DIELECTFUC LOSSES ·. 0 .·000 {..1/ril -~-
•,, .. , .. CABLE THEF(MAL F~ES I STANCES- --: T I=· • :5054 T2•=0. 0000- · T3=--• 1 265 ._ .. "C .w/W --~------------- · 

, 
y---

SCR./SHEATH/REINF.: HESIST. (.;T 6') .. 3 "C -- .1447 
SCF<./SHEATH/REINF. : F;ESIST. fiT 69.3 "C - • 1 44 7 

LOSS FACTOI~ ceniTe cable 
u a outer· cat)le Leadirig phase 
" " 

11 lt~i9<.:Jin~J n 

ARMOUR RESIST. AT 6?.3 "C • 0.3979 ohm/km 
GROUND THEI'<~lf'd_ I'<ESISTANCE: T4 .... 1 .3'?0 "C.i1LIW Ida i l.y 
EQUIVALENT MUTUAL HEATING: .013 oC.11liW <d;,lil.y 

REACT. m 0.0000 ohw/km 
REACT. • 0.0000 ohm/km 

= 0.0000- ···-
- 0 .• 00(-)(l l(··)f·lf 

-· 0 .. 0000 ·)<·l<lf 

L~f .. being CDilsidered) 
L~f~ being considered) 

(i:!nd ~?ach cab 1.<~~ t1Joi th its Ol.-\111 I.()SS<·~.s: cons ide~·( '-:~d) 
LOSSES : CDNDUCTDR 
EXTERNAL TEMPERATURE 
ST I'll'< I'~EACTANCE 

- 36~14 W/ro (for each phase) 
DF THE CABLE "' 64.7 "C 

0. 000 ohi1l/l<r1l 

CURRENT CARRYING CAPACITY= 1250 A 



, ·-I. 

>.·~·· 

DESIGN D1HA 

CABLE TYFE ( f' i r· e l l i 's cl es i <.Jrlid ion l " <!JC:3HU< 1 ENJZ.JZ.J/ :·500 
1x1600 mm2 300.0 kV 0 Hz 
ELECTRICAL RESISTANCES AT 20 "C lchm/kml : 

ccnd.= 0.01860 screen=••••••* sheath= 0.2589 _ armour= 0.3333 

CONSTRUCTIONAL DATA 

DIAMETERS Cmml : oi I. duct cmH:I. concl • .~>cr·. insul .• 
25.00 51.90 53.18 75.00 

inside reinforcement - 83.40 
r· (·:-~ i nfor·ceitlt~n·t -- B4 .. 60 

cor·l-? .SCl'' .. 

76.1 B 
sh (-:~t·:. t hI s·c ,- ~ 

o2 .. a0 

CP 7 

PE $heath ·- 93. ~;o the-~r·rrJa.l· T <-?S .. ;:.-: '7. 1:- •c .. 1o1/W \ ,:) .... ::i 
:.I T I~ PES t':l r· 11H:) u ,-____ - ·- 94.40 

JUTE or PPI~ bf?clcl in<~ ... {?6 ... 60 thermal.· r·(·Z.S ... ::;:: 4 '0' "C.m/W f • Fl... AT WIRES a 1"1110 lll- ·- = 1 o:~ .. 60 .. : ~ 

.JUTE 0\" PPE bedd ing . = 1 o:;.oo.·. t 1-rer· f1la l r·t~s~::::· 4; 0 ·"c·. rn/w-.. . .,.-
FLAT WIRES 1 1 1 .80 . .... . . . . .. - -"·· ·'-l. annour--.·- • .. M 

.JUTE Ol- PPE bE!dd in<.l - 1 18.40 th(+~~~fltf'J l ~-- {.~s-;,.·· ~ 4 ~ 0· "C.m/W"l., 

THERMAL AND ELECTRICAL DATA OF THE CABLE MATERIALS 

THERMAL RESISTIVITIES ("C.m/Wl : insulation= 5.0 ground= 1.5•, 
TEMPER.COEFF. (1/"Cl : concl." .00403 sheath/scr.= .00400 reinf./arm.• 
MAX. OPERATION TEMPERATURES C"Cl : conductor - B1 ambient = 25 
RELATIVE PERMITTIVITY = 3,50 TAN DELTA AT OPERATING TEMP. = .0026 

) ... - . - --·. ---. . 
ENVIRONMENTAL CONDITIONS 

' 
DAILY LOAD FACTOR • 1.00 DH!ECT BURIED CAI<LES : l.aying rhcpth = :3,00 Ill 
Laid in FLAT FORMATION SHEATHES ~ SOLID BONDED 

CABLES LAID ARRANGEMENT CMml '~--" -~ 

depth intenlx.d ist<Jnce 
1 ~'5000 -'- 0 _., .. _.,_, .. .;~;__,,,. ·-·-•-••·-~,c-k.;... .• •'•·'"'-·..;~:.:.1._.:,.._,•.-. .. ,:..;.:--'-

2 3000~ 60000 
.:,o: 

"' . -- .... , ' '"·. '"'' ---~ -~,---· 

THERMAL AND ELECTRICAL CALCULATIONS 

ELECTRICAL RESISTANCE OF THE REINFORCEMENT at 20 "C = 0.227 
.-. ---.- INCI~EASE IN TI-IEF(MAL J'(ESISTANCE DUE TO MUTUAL HEF1TING ( "C.m/Wl 
'--··· r:alcul.ated 1·espect of cabl.f? n• 1- .()012 of r:;,lbl.r~·n•·2 =: .0012"~·' 
-----"'···CONDUCTOR 1'\ESISTANCE at 81 "C in cl.c. = 0.0231 ohM/k11l'- ' .. -- - .:-~·:.t. ... , .. 

.. CAPACITANCE: .5f.>6 lllicl-oF/km·· DIEL.ECTF<IC'LDSSESc: 0.000'' W/11l'-~, 
• __ c .. c;,;BLE THEI~MAL RESISTr~NCES : T1 ~ • :5054 T2~0. 0000 T3= ~-1265 · •c .1n/W:.::,::2:.cL 

) --- SCR./SHEATH/REINF.: 
,,. -~ SCR .I SHEATH/REI NF. : 

- ~- LOSS FACTOR 

RESIST. AT 6"1.5 
m::.>J: ST. fH b9. :5 
centre cab lr~ 

0 c --
uc = 

.144!3 

.. 14-48 
REACT~-=·0.0000- ohm/km 
REACT. = 0.0000 ohm/km 

-- 0. (-)()()0 lHf* .. 

I ) 

) 

• u outer cable Leading phase -- (). 0000 li··X·* ... - • . ••. 
.. " u. 1.,:.g9lng -· 0. 0000 ~--)(•* 

ARMOUR RESIST. AT 69.5 "C = 0.39!31 ohm/km 
GFWUND THEI'!MAL. F!ESISTANCE T4 ·- 1 .1 o;5 "C .<n/W ( di; i l y I .• f. IH:! i ng cons i r:lrer·ed ) .. 
EQUIVALENT MI.JTUr~l.. HErYriNG : .001 "C.Iii/I.J (d,>i ly l ... f. bc!ilVcJ c:onsirJen!cll 

LOSSES : CONDUCTOR 
EXTERNAL TEMPERATURE 
STr;R REACTANCE 

(and (-:~ach cab LE• l.,. i th i-t .s: C)t1Jn l.os.s(~\s 

- 36.14 W/M (for each phase) 
OF THE CADLE = 64.9 "C 

CURRENT CARRYING CAPACITY= 1250 A 



DES u;N DATA 

CABLE TYPE IPirelli 's designation) = AC3HLB1ENJZJZJ/ 300 
1x1600 mm2 300.0 kV 0 Hz 

• -·· ELECTRICAL RESISTANCES AT 20 "C (ohm/kml : 
'" :-·;··· c on d • '" (L 0 1 D 6 0 s c , .. re !?. n" ·lHH< ~ .. )( .. ~ ll· s h e a t 1·1 '" 0 • ~.' ~·) B'? en· ftH:i lll" "' (1. :3 :53 :5 

core scr4 sheath/scr~ DIAMETERS (ttlltl) : oil duct cond. cond.sc1·. insul. 
25.00 51.90 53.10 75.00 . , ...... -:-···-

insic1e rein·fc)y·cefllerlt - 83~40 

76.18 02.!30 

l-einfor·cement ··· 84A60 
PE sheath - 93.50 
TAPES armour • 94.40 

... JUTE m· PPE beddin,r:··-·=, '>'6.60" 

thermaL r·es.= 3.s-~c~m/W~~· 
_.:- ~ 

"l"ht-:-rrili:·ll'";· r·(·?.rs .. ::.::· 4:0: t~c ... rn/ld:z~-
FLAT WIRES armour =' 102.60 · 

! )~=~·.: . -====.=:-~--~~- JUTE 1)1" PPE bed rJ i t19 ... 1 O~i. D!:l' 
. :.L 

t h c!l" ft't<OI L- l"!?.S; "' 4 ·; 0; "C _, ftl/1~·~, .. ·. 
,·_·c..Ll ... ; 

.-----,-·~ -- •• ~--··c·•·••·~·- 'r.< FLAT WIRES ill"ltlOUl" · '= 1-!1..8~).· · 
JUTE or PPE bedding - 118.4(-)· 

--- --- .: . 
- ·"- "'--'-~ ::.:_;_ THERMr~L ~tND ELECTI'<ICAL DrY!' A OF THE Cf',HLE t-lio n:.rn: ALS .. _, .. 

"'\ -· ,-"~ C""'-""';~' ' -~ '_;" :•:j--,~:-:·_r· .~ 

~ THEI~MAL RESISTIVITIES C°C.ttl/vJ) : insul.at ion "' ~5.0 <Found '= ."? 
TEMF'ER.CDEFF. Ci/"CI: cond." .00403 .dH;)ath/sCl"."' .00400 n;in'f./atftl." ,.0031' 

I 
•.... t-lAX. DPEI":tHIDN TEt-lPEI'~ATUI~ES C "C) : conduct en· = ~~:3 amb i r?nt = 3 

RELATIVE PEHMITTIVITY = 3.,0 TAN DELTA AT DPEHATING TEMP. - .0026 

ENVIHONMENTAL CONDITION~ 

DAILY LOAD FACTOR= 1.00 
,. --· Laid in FLAT FlmNATION 

!lH(ECT BURIED CABLES : l,~ying d1~pth - CL30 rn· 
SHEATHES • SOLID BONDED 

.. ··--·- .::.::. ____ .. CABLES LAID ARRANGEMENT Cmml 
-- -~ ......... ,~--, - .. ~·,··-·--- . 

-;~.::.' .. ... --~-·-·~r·---- ----· ., ~---------~-· i . 
depth 

300 
3~)() 

interax~distance-

0 ·-'· ,:.. ...... - ---··- . 

2 60000 

, .. _ - THEI":t-lAL AND ELECTRICAL CALCULATIONS 
) :,.,_, ' ... '~··:·- -· . ··-··-.. ~--- _....,.. ____ , ...... --.·-·· 

ELECTRICAL RESISTANCE OF THE REINFORCENENT at 20 "C = 0.227 ohm/km• •.. 
INCREASE IN THERt-lAL RESISTANCE DUE TO MUTUAL HEATING C"C.m/WI : .... 
calculated. respect of cable n" 1 - .0000 of cable n• 2 • .• OOOOE, ... 
CONDUCTOR RESISTANCE at 23 "C : in cl.c. = 0.0HlD ohttl/IHtl !.. --· 

--'-'··CAPACITANCE __ ,_,_ .566 ltlic1·oF/km DIELECTRIC LOSSES"':'. 0.000'. W/rtl!•, ... 
t -- UlBLE THEI~NAL RES I STANCES ' T1 = • :;,o~'i4 T2'"0. 0000 T3= • 1 265.. "C. ,,,;w . ._,_ .. __ .;c.:L,, 

J 

,J 

SCR./SHEATH/REINF.: RESIST. AT 14.3 "C- .1103 
SCR./SHEATH/REINF.: RESIST. AT 14.3 •c = .1103 

LOSS FACTOR centre cable 
• • outer cable Leading phase 

ARMOUR RESIST. AT 14.3 
GROUND THERNAL RESISTANCE T4 
EQUIVALENT MUTUAL HEATING : 

l.a9q i n9 n 

oc - 0~3259 ohm/kro 
-- .2~>7 "C.rtliW Cda i l.y 

.J)OO "C.ttl!W· (daily 

REACT. a 0.0000 ohm/km 
REACT. = 0.0000 ohm/km 

= 0. 0000 ·lHHf ., 
= (). 00(-)0 ·lHHf 
.... 0. ()()0() lHHf 

l.f. being considered). 
l.f. being considered) 

LOSSES : CONDUCTOR 
EXTERNAL TENPERATLJRE 
STAF\ REACH,NCE 

(and each c<~Jb 1.(-:-: with i t.f,: <:JWn l.o.!;-s(~S 
- 29.47 W/m (for each phase) 

b (~~ i nq 

OF THE CABLE = 10.6 "C 
0, 000 ohitl/l<rtl 

CURRENT CARRYING CAPACITY= 1250 A 



PROGRAM : TRANSAEH --- DATE 

'HERMAL TRANSIENT 

• 
:R. SECT. Cl.mF~ENT 
1600 B33 

G1= 4.7200000000E-04 G?= 0 

22/01/(36 

VOLTAGE 
300 

~3= 6.9400000000E-04 G4= 5.5600000000E-04 
.5= 4.0300000000E-04 G6= 9.4400000000[-04 
~7= 6.6700000000E-04 

1CU ASCH RHOPB 
4.0300000000E-03 4.0000000000E-03 214 

:HI 
500 .... 

. ~- -'~ ' 

RH2 
695. ~-

RH4 
150 

~o:__i_. B600(~00000E-92 EPS= 0 --~ __ :.:_~_: _________ TM~D= () 
.. ~--- ,. ;' . !' -;:. ; - ..... ~, 

~APACITANCE= 0 M ICI~OFAI~AD/I<rn 

RHDBL 
1000000 

ALFA .. 
121 B.47647B5379:> 

CP 9 

TM1E< · 
3 

. - ... ~ . ; -- -

XIAL DISTANCE - 60000. mm EMBEDDING DEPTH - 100000 mm 

Heat.til•le(hours) 
0 .. 25 
0.50. 
0.75 
1. 00 
1 • 50 
2.00 
3.00 
4.00 

12.00 
24.00 

·>********** .. 
otal cable Joule 

Te~pera{ure variations <•c> 
·Conductor Dielectric 

4 .. 3 3 .. 7 
5 .. 3 
6 .. 2 
6.9 
7.9 
B.? 
9.5 

10.0 
. 11 . 6 
12.6 
40.0 

4.3 
4.9 
5 .. 4 
6.2 
6.7 
7.5 
7.9 
9.5 

10.5 
;57 .. 6 

Losses/conductor Losses 1 ,, (\()() 

Sheath 
3.3 
3.7 
4.0 
4.3 
4.8 

5.8 
6.2 
7.8 
B.B 

35.6 

' 

I 

I . 



f"FWGHAM TRANSAEH --- DATE 22/0i/86 

THERMAL TRANSIE~T 

CR.SECT. 
1600 

CURRENT 
0:'3 

VOLTAGE 
:~00 

PARAt1ETEHS 

G1= 4.7200000000E-04 G2~ 0 ' 
G3= 6.9400000000E-04 G4= 5.5600000000E-04 
G5= 4.0300000000E-04 G6m 9.4400000000E-04 
G7= 6.6700000000E-04 

ACU 
4.0300000000E-03 

RH1 . 
500, ·. -.... 

ASCH 
4. 0000000000E-0:5 

RH2 
795 

R= 1.8600000000E-02 EPS= 0 

:;APACIH,NCE= 0 MICROFAF~AD/I~m 

RHOPB 
214 

F{H4 
150 

TAND= 0 

RHOBL 
1000000 

CP 10 

ALFA TAMB · 
1218.47647853795 14 

-- -~,.. ----- .... F= .o 

~XIAL DISTANCE - 60000. mm EMBEDDING DEPTH - 10000 

Heat.t ir.le(houl·s> 
0 .. 25 
0.50 
0.75 
1 • 00 
1.50 
2.00 
3.00 
4.00 

12.00 
24.00 * ·)(· ~- -}(· ·)(- ~(· .Jt ~t 1(· ·li­

Total cable Joule 

Temperature variations (°C) 
Conductor Dielectric 

15.4 14.7 
16.4 15.4 
17.3 16.0 
18.1 16.6 
19.2 17.4 
20.0 18.0 
21.0 18.B 
21.6 19.3 
23 .. 2 21 .. 0 
24~3 22~1 

:59.!5 ~H.1 

Losses/cond\Actor Losses = 1 .. 000 

Sheath 
14.4 
14.7 
15.0 
15.3 
15.9 
1 (,. 3 
17.0 
17.4 
19.0 
20 ... 1 
35 .. 1 



TRANSAEH --- DATE 22/01/06 

THERMAL TRANSIENT 

CR.SECT. 
1 t,o0 

PARANETERS 

CUF\RENT 
833 

G1= 4.72000000001:-04 G2m 0 

VOL Ti\GE 
300 

G3= 6.9400000000E-04 G4= 5.5600000000E-04 
G5= 4.0300000000E-04 G6= 9.4400000000E-04 
G7= 6.6700000000E-04 

ACU ASCH RHOPB 
4.0300000000E-03 4.0000000000E-03 214 

m~1 

.. 500 ... , '·· 
F:H2 

795 

R=. j. 8600<~00000E-02 EPS= .0 ________ _ 

CAPACITANCE= 0 MICFWFAF:AD/km 

I~H4 

70 

... TAND= 0 

F:HDBL 
1000000 

CP 11 

ALFA TAMB 
2241.87670967476 3 

.·. -·-- - F= 0 

AXIAL DISTANCE - 60000 {lifli EMBEDDING DEPTH • 300 mm 

Heat. t illl!~(houl·s) 
0 .. 25 
0.50 
0.75 
1 • 00 
1.50 
2.00 
3.00 
4.00 

12.00 
24.00 

* lHHf * J!-JHHHf 
Total cable Joule 

Temperature variations (°C) 
Conductor Dielectric 

4.3 3.7 
5.4 4.4 
6 .. 2 
6.9 
7.9 
B.S 
9 ~) 

9.5 
1 0. 3 
1 0. 8 
11 • 6 

4.9 
5 .. 4 
6. 1 
6.6 
7. 1 
7.4 
8 .. 2 
8.6 
9~5 

Losses/conductor losS(?S 1 .000 

3 .. 3 
3.7 
4.0 
4 .. 2 
4.7 
5.0 
5 .. 4 
5 .. 6 
6.4 
b.B 
7.6 
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TRANSAEH --- DATE 2U01/B6 

THERMAL TRANSIENT 

Cl~. SECT. 
1600 

CUI'~I'~ENT 
1 2~>0 

G 1 '"' 
G3= 
G5== 

4.7200000000E-04 
6.9400000000E-04 
4.0300000000E-04 

G7~ 6.6700000000E-04 

( 
.. ,,_ 
·'··~-

G4= 
G6= 

VDLTtoGE 
;300 

0 
5.5600000000[-04 
9.4400000000E-04 

ACU ASCH RHOPB 
4.0300000000E-03 4.0000000000E-03 214 

I'~H1 

~i00 . 
I":H2 

695 

R= 1.8600000000E-02 EPSm 0 

CAF'ACIT?\t~CE= 0 M I CI<OF toi~AD/ I< II). 

I<H4 
·j ~)() 

RHDDL 
1000000 

ALFA 

CP 12 

TM\D 
1218.47647853795 40 

AXIAL DISTANCE - 60000. EMB~DDING DEPTH - 100000 

0.50 
0.75 
1 • ()() 
1 • ~50 
2. (~0 
3.00 
4.00 

12.00 
24. 0~) 

Temperature variations 
Conductor Dielectric 

43.4 41.8 
46 .. 1 43~5 
48.4 45.0 
50.3 46.4 
53.2 48.5 
5542 50 .. 1 
~57. 7 
5? ·' 1 
6::~.6 

66.6 

~>~-~ " 1 
~B.3 

~57. 7 
60.6 

She~ a th 
4(L9 
41 . 7. 
42.6 
4:1.4' 
44.,8 
46.o· 
47.6 
48.8 
5:3.0 
55.9 

·-c.:.~ .. -; ... 

t i 
Total cable Joule losses/conductor losses = 1.000 

I 

J 



•, 

• 

,, 

' 

F'F<OGI'::AM TRANSAEH --- DATE 

THERMAL TRANSIENT 

CR.SECT. 
1 600 

PP,F\r'iMETEHS 

CUI'~i=~ENT 

1250 

G1• 4.7200000000E-04 G2= 0 

22/01/86 

VOLTP,GE 
300 

G3a 6.9400000000E-04 G4= 5.5600000000E-04 
G5= 4.0300000000E-04 G6= 9.4400000000E-04 
G7= 6.6700000000E-04 

ACU ASCH RHOPB' 
4.0300000000E-03 4.0000000000E-03 214 

F<H1 
5(10 

l'd·l2 
795 

H= 1.8600000000E-02 EPS= 0 

. CAF'ACJTf.,NCE= 0 11! CROFARAD/1< t1l 

F<l-·14 
150 

CP 13 

F<HDBL 
1 00000(~ 

ALFA TAMB 
1218.47647853795 40 

AXIAL DISTANCE = 60000. mm EMBEDDING DEPtH - 10000 

Heat.timelhoursl 
0 A ;~5 

...... \ 
' 

0. ~30 
0. 75 •. 
1 • 00 
1 • ~50 
2.00 
3.00 
4.00 

- 1 2. 00 
24.00 

•!- .• 

Temperature vJriations (°C) 
Conductor Dielectric 

4;3.4 41 .8 
46.2 43.6 
4B II :::t 4~'>. 1 
50.4 4b ... ~:> 
5;3. 4 4B.7 .. 
~5~5 .. ~5 ~50. 4 
50. 1 52 .. 5 
59.6 ~>3 ... 9 
64.2 :>B. 3 
67 .. 2 61 , 

•"-

Tot a I. cab l.f? ,Jou lf? l.o.sses/c:oncluctor· Los.s9.s = 1 .01~0 

S'hf~iol th 
40.9 
41.7 
42.6 
43.4 
44.8 
46.0 
47.7 
48.9 
~>:5 A 2 -,-· 
~)6. 1 

--- ·,.------

.. 
. --------~ ._ ··- "'~·-------.-
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TRANSIENT TEMPERATURE AND PRESSURE VARIATIONS 
IN OIL FILLED CABLE IN CASE OF SEVERANCE 

' ~" 't~ HIGH DENSITY OIL 

THERMAL TRANSIENT 

) 
, CF(.SECT. . ·tr~~:- .. 16(-)0 

CLJF(I~ENT 

833 

tE/- Pf'oF(AMETERS 
·.r·~~~~-"'':: 
fU,':- G1 = 4 .7200000000E--04 

G3= 6.9400000000E-04 
.' -·· _.;-
., _ , G5•" 4. 0:500000000E--04 

G7= 6.6700000000E-04 

G2= 
G4= 
G6= 

0 

VOLTAGE 
300 

5. :5600()00000E----04 
9. 4400000000E --04 

ACU ASCH RHOPD 
4.0300000000E-03 4.00000000001:-03 214 

m-IDE<L 
1000000 

CP 14-1 

HH1 rm2 
79~5 

I'U-14 
-ro 

ALFA - TAMB 
) 500 2241.876"70967476 3 

R= 1.8600000000E-02 EPS= 0 
) 

M I CROFAF\AD/K M 

DISTANCE = 60000. MM EMBEDDING DEPTH -

HEAT. TIME ( HOUF:S > 
·:··''':"ic•cj''"' 0 • 50 

) 1. 00 

- --. -~--~ ,---·-
) 

__ ,_,~,:.-,,..-"::·...:..:-....:· .. ~' 
. 

1 • ~)0 
2.00 
2 .. 50 
3.00 
3. ~>0 
4.00 
4.50 
5. (~0 

TEMPERATURE VARIATIONS 
CONDUCTOR DIELECTRIC 

5.4 4.4 
6.9 
7.9 
fL ~) 
8.9 
9 .. 2 
9.4 
~., .. ~:) 

9.6 
9.7 

~). 4 
6. 1 
6.6 
6.9 
7. 1 
7.3 
7.4 
7.5 
7 .• 6 

) •••••••••• 11.6 9.5 

( ~~c) 

Total cable Jo~le Losses/conductor losses = 1.000 

. ) 
PRESSURE TRANSIENT VARIATIONS 

) 

SHEATH 
3.'7 

4.7 
:5.0 
5 .. 2 
5.4 
5 .. 5 
~::; .. 6 
~) .. 7 
~> .. B 
7.6 

300 

Reinforc.thick. = 0.600 (~~~ 

0 i l dUCt d i iHol. = 2~'). 00 ( loHol) 
Modulus of elasticity of the 

Ca~le half length= 76.000 (k~) 

.) reinforce~ent = 1640000000 

~ ***~~**************************if****1&********i&****~f***tf~E*if**** 
Diel.ectric oiL vc)l.ur,ie ·- 1·14B l.i·h~iJI<fl"l ':(~ctua/. val.ut:~ 

MM·-_ 

... 



) -

) 

} 

J 

I .·- -

) 

) 

Total cabl.e oil votutolf~ = 1651 litri/l<tol (r~octual v;dtH! ) 
*********************HHHHHHHHHHHHHHHHHHH~fHHHHHHHHH~f~~HHHHH1~tE~H 

Starting phase of the heating 

HErHING TIME F'FiESS. Vtd'UATION 
(t,linute.r;) (kg/ s•:t. Clol) 

30 6.66 
60 1 0. 61 
?0 12~~51 

120 1 3. 1 0 
150 12.?4 
180 

.. ..,. 
12.3(., 

2·10 1 1 .. ~-)8 
240 10.72 
270 ? .. 84 
300 

" 
B.'J9 

3~30 8. 19 
:360 7.46 
:3?0 (,. '78 
420 (,. 1 6 
4~50 ~~;. 60 
480 5.09 
~; 1 0 4.63 
540 4 .. 22 
~570 ~3 .. 8·4 
600 ~"i. 50 
630 3.20 
660 2.93 -· 
690 2.68 
720 2.46 
7~50 2 .. 26 
780 2.08 
B10 1 .. 91 . , ... , .. 
840 1 .76 
870 1 .63 . !:". 900 1 .. :>1 
930 1 .40 

Worst cboling pressure transient variations 

(lllinutes) of heating phase 

Cooling ti111e F'res.variation 
Clllinutes) (kg/sq.cllll 

0 L14 
30 -4.51 
60 -9.48 
90 -12.H0 

120 -14.52 
150 -15.06 

CIRCEE D TRANSE ? 
? 
c i r c:: c.;;oe 
Dil density= .?87 l<g/c/tol3 

Tetll!'•. variation 
C"Cl 

'{'. 5'7 
~)" 2:.-5 
;•5 A 7~:! 

2. 7(., 
2. 14 
1 • 74 

Experimental coef·ficiel·li due ·to restrictor devlce 

DIL FLOW 
( d 111:.,/IHJUl" 1< kIll) 

0.45 
0.7B 
O.?b 
1 .05 
1 .Ob 
1 .02 
0.?7 
0.90 
0.(33 
0. '77 
0. 7() 
(:). 64 
0. ~)8 
0.53 
0.4H 
0.44 
o.4o-
o. :n 
0"' ~'53 
0. :51 
<1 .. 2B 
0 .. ?6 
0.23 
0 .. 2:~ 
0.20 
0. ·1 B 
0.1 7 
0. 1 6 
0.14: 
0.13 
0. 1 2 

Dil.f/.ow 
< c1 tol:5/h o u l"lt I< ro1 l 

0. ·10 
.-.. 0. :56 
···0. (.,? 
-.. ·() _, Df:l 
--0.?'7 
·~·o .. c;a 

CP 14-2 

··-· -



I CP 1 4-3 

insel·ted in thr~ oil duct - .471 

Feeding pressure (normal pump relief pressure) (kg/cm21? 
,_,.. :30 

;,--·{. Stai--t i nq PlHe.s-sul-e :::: 30 .. 0 kg/c:r,l2 
··;·~~!,f.;~·d'f'·' 

--..:·-·- Cable length up to severance point • 152.0 km , .... 
Sea water press11re at severance point= 1 .. 00 kg/c:1~2 
0Pf<l·at i ng Pl!tlll' 
distance between two restrictor devices- 2000 m 
Inside diameter of restrictor device= 7.0 mm 
Oil pn?s.~;ur~~ gl·aciif~nt at the severance point = 0.1404Ck<~/cti''~-'/km) 
Worst oiL pressure <1istribution from the severance accident= 450~0 
Oil fl.ow (dtll3/hDur·) at th!~ severance PDint based Dn 
pressure gradient = 26.201 

TF~ANSIEN.:r PI~ESSURE DROP 

. '·' -·· . · ·~- :.-~ _ S(-:-!ver·r:nlc:f? p() i nt 
& distanct? Clall 

.,.~r;1G· 1 ~: ~g 
) 27.64 

·'' 

) 

.) 

'.), 

41 .45 
~)5"' 27 
69 .. 09 
82.91 
96.T3 

i 1 0.~')5 
124.36 
1 38. 1 8 
1n.00 

' 
"'"~'("\\;" 

Pressure ai.Dng the 
cable Ckg/cm2> 

1.00 
:5. 00 
~)&12· 

7 .. ~i)5 
9.69 

1 2. 14 
14. 71 
17.43 
20 .. 31 
23.:5'7 
26.60 
30.00 

0 i l flow 
( dr,l:5/houl- I 

27.0 
28 .. 6 
30.1 
31.6 
33. 1 
34.7 
36.7 
~58 .. 9 
41'. 3 
43.7-
45.8 

'· _; __ 

C 111 i n. I 



' 
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TRANSIENT TEMPERATURE AND PRESSURE VARIATIONS 
IN OIL FILLED CABLE IN CASE OF SEVERANCE 

HIGH DENSITY OIL 

THERMAL TRANSIENT 

CR.SECT. 
1600 

CUI':I'U:::NT 
B33 

4. nN>ooooo0E.--04 
6.9400000000E-04 
4.0300000000E-04 
6.6700000000E-04 

G2= 
(;4= 
G6= 

VDLTr,GE 
300 

0 
5.5600000000E-04 
9.4400000000E-04 

ASCH RHOPB 

I'IH1 
500 

~- ' 

4.0000000000E-03 214 

RH;~ 

79!5 
RH4 

70 

R= 1.B600000000E-02 EPSm 0 TAND" 0 ,,, ~ j" -

CAPACITANCE"' 0 11 I CROF (.>,l'lr~D /I< to 

RHDf.!L 
10(:\0000 

CP 1 5-1 

;.~--:V ~ ' 

ALFA TAMB 
2241.87670967476 3 

AXIAL DISTANCE = 60000 11'1 fil EMBEDDING DEPTH - 300 mm 

Heat.time(hours) 
0.50 

··.--.-----·--;··'--

1 • 00 
1.50 
~; .. 00 
2 ~ ~:>0 
3.00 
3 .. 50 
4 .. 00 
4. ~')0 
5.00 -}(· -)(· ·)(· * -K· ·)(· ~f ~(· ·)~~ ·>f 

Total cable Joule 

Tempera·ture variations (°C) 
Conductor Dielectric, 

5.4 4.4 
6.9 5.4 
7.9 6.1 
8.5 6.6 
8.9 6.9 
9A2 7&1 
9.4 " 7.3 
9.5 7.4 
9.6 ·i' 7.5 
9.7 7.6 

11.6 <;>.5 
lo.•>s<',.!>lconductol- los.s:"s = 1.000 

PRESSURE TRANSIENT VARIATIONS 

Sheath 
3.7 

4.7 
5.0 
5 .. 2 
~>" 4 
5 .. 5 
5.6 
5.7 

7.6 

Reinforc.thick. m 0.600 (mml Ca~le half length = 50.000 lkml 
Cli L duct cliam. "" 2''>.00 (HHnl 

J Modulus of elasticity of the reinforcement~ 1640000000 (g/sq.cm) 

J *************i~**iE**if****•***1f***********~~****~f*t~~C****-lf****1f~f* 
Diel.ectl"iC oil VDlUiilB = 1148 liiTi/1<111 (r~<::'tu.;l. Vili.U<" ) 
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Total cable oil. volume·- 16~}1 litr·i/kr11 

Starting phase of tt1e heatirlg 

HEt1TJNG TJt1E 

30 
60 
?0 

1 ~-'0 
'150 
180 
210 
240 
no 
:>o0 
3:50 
360 
390 
420 
4~50 

480 
510 

PRESS. VARIATION 
(kg/.!>'loCIIl) 

!:> .. ?:3 
8.78 
9. ~54 
9. 14 
8 .. 22 
7.12 
6.03 
5.04 
4. 19 
3.47 
2.87 
2.39 
2.00 
1.68 
1.43' 

1 .06 

Worst cooling pressure transient variations 

Starting at 1020 

CooL i ng ·t i 111~~ 
(minutes) 

CIRCEE 
? 
circee· 

0 
30 
60 
90 

120 
150 

0 TRANSE ? 

!minutes) of heating phase 

F'l"<~.s. va1· i at ion 
( I<<JI.S•l..CIO) 

0.28 
--4. 7? 
-8 .. 55 

--·10.37 
·-10.64 

----9. '?8 

Tl?mp. va1· i at i r)n 
I"Cl 

7 .~)7 
~). 23 
3 .. 72 
;~ .. 76 
2.14 
1. 74 

Oi I density= .987 kg/dm3 
ExperimentaL coefficient clue to restrictor device 
inserted in tiHo '" i I. ci1.H:t = .47·1 

OIL. FLOW 
( d 1113/hr;l u l'l< k 111) 

0.'12 
1.49 
1 • 70 
1. 69 
1 . 5 ~) 
1 • 36 
1 .17 
0.98 
0.02 
0.68 
0.57 
0.47 
0.40 
0.:54 
0 .. 29' 
0.24 
<L 21 

Oil.fl.o~J 
( cl 1113/h o I! l" ·)! k 111) 

0.06 
-0.B7 
-·1 • 43 
-·1 • 65 
--1.64 
·-·1.~50 

Feeding pressltre <nor·roal pump reLfef pressulMe) (kg/cm2>? 

."' 30 Starting pressure= 30.0 kg/cm2 

) Cable Length up to severance point • 100.0 km 
Sea wa·tel- Pl-es.s-ul-e at 5'(·Z.Vel-i:lnc::E· point.== 1 .. 00 ko::J.IC:fll2 
()per· at i ng p urtiP 

J distance between two restrictor devices- 2000 m 
Inside diaMeter of restrict(lr· device~ 7~0 ~lm 

Oi I. pres.s:ul~<~ g·cad i~:o·(•t at the .'-S(·:~vr:~·..-anc~:~ p(:.int ::: 0 ... 200:5(l<t.J./Ctf•2/kt•l) 

CP 15-2 

l.·Jor·s-t oil pr·pssulwe d i.stiw ibut i<:)n flwOf1l thE.~ S(:-~vet~·:.nc:<·:-:o ace id(-:.\n-1::::: ;.~40 ... 0 (t•iin~) 

Oil flow (dr,-13/hot!l') at the sc,VIel"i"nce pnil1'l bi,lS<-~r:l on 
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pressure gradient = 39. '?40 

TRANSIENT PRESSURE DROP 

S(:::vr~r·ance poi n"l" 
distance (klol) 

0.00 
9.09 

Hl. 1 B 
27. ~~7 
36.,:36 
4~:) .. 45 
54 .. ~5:.i 
63.64 
7'::.~ A 73 
81. B2 
90.91 

10().00 
? 
.s.top 

- -,- . 

Pr·essure along tl·1e 
Cii<b I. f.) ( kq/crf>2> 

i . 00 
2. 97 
":;.09 
7.34 
9.70 

i 2. i B 
14.78 
17.50 
20.36 
23.40 
~Y>.61 
30.00 

, 
-~ -~· --- ·--~ -.... 

) 

) 

J 

Di L flol4 
( cl r,l;'>/h our) 

4L5 
44.0> 
47.4 
49.9 
r.~..., .., 
.)..:. ... ,;,. 

54.6 
57.3 
60.4 
63.9 
67.6 
7L3 

'1 CP 15-3 

__ .-_ 



) 

), TRANSIENT TEMPERATURE AND PRESSURE VARIATIONS 
IN OIL FILLED CABLE IN CASE OF SEVERANCE 

) (. HIGH DENSITY OIL 
.':":-~;!·,~'.; _. - ' 

) 

) 
THERMAL TRANSIENT 

CR.SECT. 
1 600 

CUF~I~:ENT 

1250 
VOLTAGE 

:500 

f.'"" .. 
. G1 "" 4~7200000000[-04 

(,. ?400000000E·-·04 
4. o:.>;00000000E-04 
(:,. (:,"",''00000000[-··04 

t .... 
G~3:::: 

c ~;}:::: 
c; 7"• 

G2= 0 
G4• 5.5600000000E-04 
G6= 9.4400000000E-04 

ACU ASCH RHOPB 
4.03000000001::-03 4.0000000000E-03 214 

1'-:H 1 
~;oo 

Fd-12 · 
79!5 

R= 1.8600000000E-02 EPS= 0 

MICROFAf(AO/I<M 

F:H4 
"/0 

CP 16-1 

I'(HODL 
1 ()00000 

ALFA TAMB 
2241.87670967476 11.6 

F"" 0 

) 
AXIAL DISTANCE - 60000 EMBEDDING DEPTH- 300 MM• 

I 

) 

TEMPERATURE VARIATIONS C"C) 
HEAT.TIMECHOURS) 

0 .. 25 
CONDUCTOR DIELECTRIC 

14.7 13.3 
0. ~;0 17.2 14.8 
0.75 19.2 
1 .00. 20.9 

1.50 23.3 
1.75 24.1 
2.00 24.8 
2~25 25 ... 4 
2~50 2~5 ... 9 
2 ... 75 26 ... 2 
3.00 26.6 
3~25 26~8 

****if**1~~&te 32 ... '7 
Total cable ,,J0\1Le Losses/cond\l(::tor 

PRESSURE TRANSIENT VARIATIONS 

16" 2 
"17.4 
·1 B. 3 
1 9 .• 1 
19.7 
20 ... 2 
20., 7 
~! 1 • 0 
21 .. ~5 
21 .. (:, 
2·! .B 
27.4 

1 • 000 

SHEATH 
1:?..4 
13.2 
13 .. 9 
1 4. 6 
1 ~; • 1 
1 ~). 6 
16.0 
16.4 
16 .. 7 
16 ... ? 
17.1 
1'7.:5 
1 "7. ~) 

Reinforc.thick. - 0.600 lmm) 
D i L c! uc: t d i .:"'''" ···· 25.00 <111m) 

Cable half Length- 50.000 lkm) 
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Mc:odu.l.us of ..:~l.asticity cd' the reir·,fcn·ce<•H;,,,t ···· ·)(,400000(>0 

~fH1fk#~~*******1~***********1&1CH*****Hif***1fH1f1f******1f***~f1f***X1fHH 

Di<el.<ectl- ic c:oi l vcd.ut•le - 1 14B I. i tr· i/1<111 (<;c:tua l va l.u<') ) 
Tot;;,l. c:abl.ce oil volu11\<~ '" 16:51 litl-i/k<•l ((jc:tual v;,,l.uE' ) 
****if*****~f***~~*************1f*1fif**************~f**~~***if#1f***** 

Starting phase of the heating 

HEATING TIME 
(r,linutes) 

15 
:~o 
4~) 

60 
90 

1 0 ~; 
120 
1 3~:) 
1 ::; (~ 
1 6~> 
100 
'I '7'5 
210 

PRESS. VARIATION 
( l<g/s·:t.c:ml 

7. T? 
1:3 .. 0~) 
16.07 
1 7. 31 
16.47 
1:5.18 
•13.67 
·I? .09 
1 o.:57 

t_j)" 1 ~5 
7.!37 
6 .. 74 
:; • 77 
-4 .. ?~). 
4" ~;-~2 

:·5 ,, i 2 
2 A 7(~ 

OIL FLOW 
( d tr'l3/ho u r· ·)C· k m) 

1 • ·~6 
:L f>B 
4.92 
5 .. c,s 
5.!37 
5 .. 57 
5" 1 :3 
4 .. 63 
4. 1 1 
3.60 
3 .. i 3 
2.70 

) > .. 

270 
2B~5 
3('10 
:315 
:5:50 

? '· O~> 
1 • B1 

~'. 00 
1. n 
1.49 
1 • 2B 
1 • 1? 
Iii. 97 
0 .• B5 
0.76 

J 

I 

l 

Worst cooling pressure tra11sient variations 

Star·ting a·f 15 

Coo I. i ng t i 111e 
< i1'1 i n u "l' <·:·~ s ) 

90 
10:5 
1 ::>. () 
1 :·:; ~) 
1SO 
1 .s ~::; 
1BO 
·I 9"; 
.210 
'1 '')r." ,., •... ) 

(minutes) o·f heating phase 

Pl-<~.s.val-iation Tt;)fflp.v,3l-io1tion Oil 'fl<JW 
(kg/sq.cml (DC) (dm3/hour*km) 

7 .. 7'D 
'?. 01 

:5.10 
·1 '· 2() 

.... 0 ~ 2D 

.... 1 • 3 ·j 

.... 1 ... 9~:; 

.... 2 ·' :~~6 

-·2 ·' :;?.Si 
-.. ;;>. '· 14 
-·1 "?3 

.... 1 ·' 2B 

3.09 
2 .. 40 
2 .. 03 
1 ·' 6~:> 
·j ,. ::\.<1 
·\. OB 
O.B7 
0 .. 'lO 
0"57 
(·) ·' 46 
() ~ 3B 
0 ,, 3:.:.~ 

0 .. 27 
0 '· :?:? 
\L 19 
CL 17 

·j. 96 
1 '7~! 
·f "::.~5 

0. 7;3 
0" ~.?a 

.... (:),(16 

.... 0.30 

.. ··0.44 
-.. () ·' :')() 
.... (·) ,•, ~:> :.:.~ 

.... () '· '.i j 

.... () .•, 4"/ 
-.. 0.42 
.... 0. Tl 
.. ~o .. :·53 
.... 0 .. 2B 

CP.16-2 



} 

:.;, ·.· 
~--,~-· ,· ·-

) 

) 

• ":•it 
:.·,;'I{.'i. 

) 

•). 

,J 

.f.L,_ 

••• 

l 

} 

,) 

24() 
2 ~::; ~5 
::.~ 7 () 
2D~:) 

:500 
:3 ·j 5 
3::;o 
:3-45 
36(-) 
37~:) 

3S'0 
40~:) 
4~!.(·) 

A3~) 

-45(-) 

4(>5 
40(·) 

495 
~:) 1 () 

J::·J::'l."';' 
_) .J..) 

5'?0 

CooL i n(J t i fl)(·? 

<m i nu·l·e8) 

(·) 
15 
30 
4~') 

bO 
7~') 

?0 
105 
120 
1 :5 ~') 
·j ~')() 

lb5 
iBO 
1 9~) 
210 

'')I:" I:" 
~ .. .>.) 
27'(·) 
?B~:> 
30(·) 
31 ~::; 

330 
34~:) 

:37~} 

3?0 
1~0~5 

4?0 
-43S 

.... 1 .. O'l 

... 0 .. Tl 
····0.,6B 
-·0 ·' ~)3 
··0 .. 44 
····0 .. ;:~7 
-.. (). :·51 
-·0. 26 
····0 .. 22 
-·0.1B 
-0 .. 16 
-·0. 13 
-0. 11 
-0.10 
.. 0 .. ()9 
-·0. OB 
-·0. 0'7 
..:.0.06 
-0 .. 05 
-0. 0~'1 
.... 0.(>4 
·-(). 04 

0. 1 ~) 
o.n 
0. 1? 
0. 1 () 
0.1(·) 
() J)'i' 
O.OE! 
O.OE! 
0J)7 
0.07 
(),(J"l 

(). 'l6 
O.Ob 
(-). 06 
0 .Ob 
(-). 05 
0.05 
(-). 05 
0.05 
0.05 
0.05 
0.05 
0.04 

(minutes) of heating phase 

•···0 A ~,:,~4 

"•0 •. 20 
•-·0 A i '{' 
····0 .·. i ~:> 
... o. ·) 2 
.. ·(L ·i 0 
.... o. 08 
... 0. 07 
··0. Ob 
... (~. 05 
.... o. 04 
.... o. o:5 
"··0. OJ 
.... 0 .. 02 
... (). (:l.~' 
.... 0. 02 
.. 0..()2 

-·0. 01 
... (). 01 
·-0. 01 
...0. 01 
-·0. 01 
··0. 01 

F'l~e.s .. variation lf-\fftp .. vari;:'fi'i("n Di I. fl.(]~o\1 
(kg/sq.cffil ("C) (d•3/haur•k•l 

1 ~L06 
11 . 02 
7.62 
4.01 
0.!rt 

--1 --~?2 

<L 1 ~~ 
... 4.0!3 
··A .. ::; 0 
.... 4 _, ~5~5 
····4" :3~) 
·-4. () 1 
-··3 A 6(·) 

--<L"\7 
.... 2.,74 

··2 .. 00 
·-1 .. 68 
-·1 • 44 
.... 1 • 21 
.. 0 .. 9'7 
... 0 .. B1 
... 0 .. 6B 
... (). ~')7 
-.. 0 ·' 4B 
.... 0.40 
.... (). 34 
··() .. 2'? 
-·0 A 2~::; 
.. (.,_~,1 

5.57 
4.51 
:L 6El 
2.9? 
:~ .. 41 
1 • 94 . 
1 • :;7 
1 .. 27 
1 • 0:5 
0. B~'; 
0.70 
(1..5(3 
0.4? 
0.42 
0,.36 
0. :Si 
<L?B 
0 ,C ~,:,~ ~5 

(). :.::o 
(). 1 9 
o., ·j 7 
0 .• 1 (., 
0 .. 1 '3 
(). ·j 4 
(). 1 4 
0 ·' ·j :·,; 

0 '· 1 :3 
0 .•. i ;;_~ 

0 .. ·j 2 

:5. (.,8 
::.~ .\ 96 
1 • 9B 
1 Jl1 
0 .. ::!·1 

...0. :3b 
.... o ·' 7:·,; 
.... (). 94 
·-1.03 
-·1.0:5 
.... 0. ?B 
.... 0. ?() 
-·o. no 
-.. (). 70 
"·0 ·' 61 
.... o. ~5;.: 
'"•(-). 44 
.... 0 .• 37 
'•••0 A ~'52 

.... 0. 26 

.... o .. ;>,1 
-·(L 1 t1 
"·(L 1 5 
.... (). 12 
"•0. ·j() 
.... () .. 09 
.... o .. 07 
.... () .. (){:, 
"··(-),.(·)~:) 

.... (:l /'o (-) ~::; 

CP 16-3 



} 

) 

.) 

.. ' ... 

) 

. ) 

4 ~') (-) 
465 
ABO 
4?~) 

~') 1 (-) 
~) 2 ~:) 
~)4() 

~:>~55 

CDl11. i ng t _j i1ie 
(rninutes) 

0 
1 ~5 
30 
4~5 

<'>0 
7~5 
'! ('! 

105 
1 ;_'() 
1 :3~) 
·i ~:; (:) 
·165 
180 
t 9!5 
210 
225 
?40 
')1::'1:­
~·H..} -> 
~2''? (·) 
~?.B~5 

300 
3 ·1 :; 
3:30 
~-54~5 

](.,() 

37~:> 

3?0 
4(-)~;) 

4?0 
4:3~:> 
4!:;o 
4.6::> 
400 
4?::> 
:::;·j 0 
~>?::> 

Coo I. i ·n{J t i rn<~ 
( t1"1 in u t e,!;-) 

() 

·-·0. i D 
""0' ·1 6 
:"(L 14 
"'0 ' i:'l 
··-() ·' 1 1 
.... () .. 1 0 
.... o .. oc~ 
···() .()8 

F'l~ (~.$ .. vr.nw i a -1: i (Jl1 

( kg/s•l,.crn) 

16.07 
12.78 

B. 1 9 
3.57 

·-(L. :53 
-3 .. 24 
""~3.14 
-6.19 
.... 6. 59 
•w•6" 52 
""6 .16 
-·5. 63 
····5, ~)2 
·-4. ~39 
<L79 
·-~3. 24 
····2 .. 75 
-2 .. 3~5 
-1 .. 1

"J1 6 
·-1 • 64 
···1 • 33 
·-·1 • ·j i 
-·() .. 93 
·-(). 78 
.... (). 66 
.... 0.~56 
.... 0. 47 
.... 0.40 
···(). 34 . 
-·(·) .. :30 
""0,?6 
····(-) ·' 2:3 
.... 0. ;:'0 
····o .. 1 a 
... () .. i (;, 
···() •. ·j 4 
""0. 1 3 

0. 1 1 
() • 1 1 
() ·' 10 
() .. "I() 
(). i() 
(). 1 () 
0.09 
O.O'l 

T(~~t•~P ... va···· i (:l t ion 
( ~~c) 

4.06 
~5 .. 28 
2.64 
2.1 4 
1.73 
1. 41 
L 16 
0.?6 
(). 81 
0 •. 6B 
(:) ·' ~)t) 
0.~51 

0.44 
(> ·' :39 
0 .. ~55 
0.31 
(). 2'J 
(). 27 
0 .. 2S 
(). ~:4 

H .. ;_:! 1 
0.20 
().1~' 

0, 1 B 
(). 1 8 
() .17 
() .. 1 6 
(). 1 6 
0.1~; 

\L 1 ~'; 
0 ·' i 5' 
0.14 
0. 14 

""0., 04 
""0 .. () 4 
"0,0~5 
.... (). o:o 
--o.o;.! 
.... 0.02 
····(·)"' 0~-~ 
'"0 .. 02 

Oilfl.ow 
( clrrl:3/hour ll·kfrl) 

4 .. ~~)~3 ', 
3.69 

0.,94 
.... (). OB 
.... 0 .. BO 
····1 .. 2o~i 
·-1 • 46 
····1 "5:3 
-·1 .. ~50 
.... 1 • 4H 
-1 .. 2'7 
""i • ·1 3 
""0. 98 
.... 0. B4 
""(:). 72 
""0. 61 
-0 ... 52 
···0 .. 43 
-().:56 
-··(·) .. ?9 
""(:).. 2 4 
.... 0.20 
""0 .17 
""('>. 1 4 
-~· (-) .. 1 :~ 
·-0 .. 1()· 
-(). {;,l9 
.... O.OB 
.... () .. 06 
···(). ()(;, 
.... 0.(V5 
.... ().()4 
""().04 
H00(-) ... 0~3 
.... 0.0:3 
""0 ,,1;):3 

Pr(~·~s~v<:l·c j,:·1t i C)n T(·:-~nlp .,Vi:l'f' i ~·:It ion D i l. f l.ottJ 
(kg/s(L~cm) (l~(~) (drn3/l·lour*km) 

CP 16-4 
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" 

) 

). 

.J 

) 

) 

) 

) 

1 r:~ 
::!0 
4 ''i 
60 
T'> 
9(~ 

1 0~) 
1 ~>() 
1 :3s 
1 ~";() 
1 (., ~) 
100 
1 9~) 
210 
2:?~:> 
2•l0 
., .. -- r.r ..:... .. >.~ 
270 
2f:!!:> 
300 
315 
3::>0 
345 
36() 
375 
390 
405 
420 
435 
4~)0 

46~3 
480 
49~') 

510 
525 

St,Hting at 7~; 

Co<J I. i ng t i r1Hi~ 
( w i nu tE~$) 

() 

15 
30 
4~5 

60 
7~5 
90 

1 0~5 
120 
1 ~5 ~:) 
1 ~50 
i 6~::; 

1BO 
1 9 ~:) 
2·1 0 
"')~1::' 
..:.. ,·, • .. J 

'') r:- r.-
..:.. . .) .) 

13.01 
7 .Yl 
2 A 3~:> 

·····I o ?8 
-~). 14 
··· "?. ·1 '5 
-.. B .• 1 B 
.... B. 4B 
····B ... 2b 
·-·7 ,, 72 
-·'7 ·' 00 
--(.,. 21 
-5 .. 42 
-4.,67 
-·3. 9D 
-·3. 40 
-2.86 
-2 ... 39 
<~. ()() 
-·1 • 63 
""1 ·' 37 
.... 1 • 1 5 
-·0. 96 
·-·0. B1 
-0.69 
--().~58 

-0.50 
.... () '· 43 
>•(). 37 
""0. 3:~ 
-0 .. 28 
·-·0" ;,~~5 
-·~). 23 
••••0 A ::!0 
····()A i B 

7 ·'50 
6. 1 0 
4.93 
3,?0 
3.21 
:? ".60 
2.11 
1 • ~':3 
·1 .• 43 
L 19 
1 • ()() 
0 .. B~> 
0.73 
0.64 
0 .. ~>6 
~). 49 
0 ..44 
0.40 
0 .. 37 
() ·' :35 
() ·' :33 
0.31 
(l 0 29 
o _,:".a 
0.26 
0 .. ::.?:> 
0.24 
~). 23 
0 .. ::.~2 
0. ;>.2 
0.21 
0.20 
o. ;;>.o 
0. 19 
~).19 

(minutes) of heating phase 

3., 9"(' 
;:> ,, 1 'i' 
0.64 

····0 ·' ~::;2 
--1 • 30 
.. -·1 • "i' 6 
·-1 .97 
·<?..00 
····1 .. ?2 
.... 1 • 7!3 
.... 1 • (;,() 
.... 1 A1 
·-1 "22 
""1 .J)4 
... ·(·). B9 
.... (). 76 
-0. 6:3 
.... 0. ~B 
.... () ·' 44 
.... 0.,3b 
--(1, :30 
.. -(). ~'5 
-·0 .. :?.1 
.... 0 .. i B 
.... 0.1!5 
-+.1:5 
--0. 11 
.... o .,09 
--0 J)B 

.... 0.07 
--·c). <M 
·-(LOb 
·-0.(-)5 
.... (). 04 
.... o .04 

Pr·e.s-.,v~:,r·iatic)n TE-~fllp .. var·i-i:l"l"i(Jn Oil fl.ow 
Ckg/s~.cm) C"Cl (dm3/hour•km) 

i'7.30 
1 ;_~ ,, 2'7 

(., ~ 3::~ 

0. T5 
.... 3. f:l·l 
... 7.05 
.... 9 ... (;)4 
····9 ~-<?9 

.... 1 0. ·1 ::; 
.... 9. Tl 
·-·?.,. o:::; 
.... n ~- 1 6 
-·7 ·' 21 
.... 6 ... 27 
.... ~::; ";·;9 
: ... .q. (.,2 
.... :~.-<ji() 

.... 3 .·. ~?B 

·1 ().~59 
B.·. ~57 
6.96 
5 .. 6:'5 
4~~:)~:) 

:L6B 
2,. 98 
;_:>.. 4:3 
~-~ ·' 0(1 
1 ·' 6~) 
1 ":·5n 
1 .. 1 6 
·j .• 00 
0 .. B6 
(1. 7~') 
0.6b 
(-)"~59 
(-)·'~53 

~') ·' 93 
:3.91 
1 • f:l? 
0.21 

.... 1 '· 03 
.... 1 ~ D3 
.... ::.~ " ::.~ 7 
.... ?.,44 
... 2 .. 43 
.... :? ~ :.-~~0 

·-<?' 1 0 
-1 • na 
... ·j ,64 
.... i ·' .{~ ;_:_~ 

-1 .;?1 
'"' 1 ~ 03 
.... 0 ,07 
····0 ·' 7:'5 



) 

) 

) 

J 

) 

I 

) 

) 

,) 

) 

?7(·) 
~~-~ B ~::; 
300 
,;) 1 ~) 
:3:30 
34~) 

:360 

3S>O 
1!05 
420 
A:-55 
4~50 
46~~5 
4(:!0 
'4?5 
~51 0 

co·o I. i ng t i t>H~ 
(minutr•s) 

0 

:30 
4:5 
60 
75 
90 

105 
120 
1:35 
150 
165 
iBO 
195 
210 

240 
255 
270 
285 
300 
315 
3~'>0 
:345 
36(:\ 
375 
:590 
40~) 

420 
-4~3~) 

4':;o 

400 
A '9 ~> 

,. 
':' ·~ 

-2~74 

····2.2? 
-· ·J • Bl3 
.... 1 ·' ~'\B 
·-· 1 ·' ;·5 :~ 
.... 1 • 1 1 
.... (~ ,, ''4 
.... 0, B(·) 

.... 0.,6B 

.... O.~';B 
""0 .. 50 
·-·() .44 
--0. 38 
····(). 34 
.... (:\. 30 
·-·() ·' 27 
-0 .. 24 

0.4? 
(·) .·. -4 ~:~ 
0 ~ 1l2 
0.40 
o.:n 
(:) • ::l ~5 
0 .. :·54 
0 .. 3~,~~ 
().31 
0 ~ :·LiO 
() ,, 2'1 
OA2D 
0 .. ?7 
0 .. 26 
0 .. 25 
0.24 
0 .. 24 

(minutes) of heating phase 

"'·0 .. 61 
··(~ ... ~:>1 
••·•0 A 42 
.... o ·' 3~S 
.... 0 • ::?. <J 

"··0"' 2~) 
····0' 21 
.... o .. 1 D 
.... 0.1~5 
····0 ,, 1 :·5 
···0. 11 
.... 0.10 
·-0 JIB 
... (1_ 07 
····() ·' 07 
.... () ... ~)6 
-0 ... 0~5 

Pr·!~.s.val-iation Tet>lp.val·iation OiL fl.t>v.• 
(kg/sq.cm) C"C) (dm3/hour•km) 

1 b.48 
10.'?'7 
4.73 

--1.0:3 
-5.63 
.... 3 .. B~5 

-10.'75 
.... 11 .58 
.... 11.5'?-
.. -11.05 
·-·10.17 

.... 9. 1 3 

.. ..fl. 04 

.... 6 .• ?13 

.... , • 01 
-:>. 11 
·-4.:31 
.... :~ ~ 62 
·-:L04 
·-~-~ "~:)4 
.... ;:,> ·' 09 
···1 • 75 
·-1 .47 
··1 . 24 
··"i .. 05 
""'0 A!:$? 
·-·0. 76 
.... G A 65 
·-·0 .. ~:>7 
··0 ... 4') 
·-· () ·' 4 :_:; 
····0 .. 30 
.... 0.:04 
···0.31 

1 1.{,6 
9 .. 44 
7 .. 66 
6"20 
~5 A 0 i 
4.06 
;·5" :10 
.2 .·. 7'0 
... > ··~ '1 .A ... ·.,,; .. ,: .. 

1 .. B4 
i ·' 5~) 
1 • :51 
Li3 
O .. '?B 
0. B~> 
~).'?6 

0 .• 68 
(1. t,;! 
0.,~~~7 

(1 .. ~:>2 
o .. ~;o 
() ·' 46 
0.44 
0 .. 42 
0.40 
0.3B 
0. :56 
() .• J") 
().:34 

() . 31 
() ·' ::\0 
0 ~. ~30 

0 ·' ~~-~9 

5 .• B7 
3" (:d 
1 .4~) 

··O. :5o 
.... 1 "~:>~5 

-·2" 74 
.... 2~Bt.) 
-2.00 
--·2 ., C)2 
.... ~~ .. ~50 
··2. 11 
····i .• F4 
··1.~)? 
.... ·j. :5{, 

·-1 • 1 5 
·-0 .. 'n 
··0. B1 
···(~" 68 
··(-). ~)6 
··0 .. 4(., 
... o. :59 
··O.,:B 
··0 ·' ?'7 
-.. 0 ... ?:'5 
····0 ·' ?0 
··0 ,, 1 '7 
····0. ·14 
•···0 .. 1 2 
.... (~ ,, 1 1 
···CL. 1 0 
··O.OB 
···0. OB 
··0 .. 07 

CP 1 6-6 
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' ' ,- ~·::;'" 

' ) 

}y ··.·· 

' 
) 

) 

j 

' I I -

' -, 
' 

' 

) 

Coo I. i n\J t i nle 
(frl i nutc.:-:s) 

0 
1 :5 
::5(~ 

4!') 
60 
75 
90 

1 0!5 
120 
·! :3!') 
150 
16~) 

1 B<~ 
·! ')5 
210 
2~~~) 

240 
- 2~55 
270 
2B5 
:5 () () 
31 !5 
3:;o 
345 
::16<~ 
T1~5 
:390 
40~:> 
420 
43!:> 
4!'>0 
46~) 

480 

F:.r· (-:~s ~ v (-~ r· i at i .:]tr 
( 1-; (_:J/S·:t A c: ffl) 

1 ~-; • ·j '1 
(?~4(·) 

:>. o::! 
--2 .. '/B 
····7 .• 34 

--I() ·• 40 
-----12-.27 
-··12 .. (?~5 
····12 .B2 
-1:?. ·! ;-', 
--11 .. 11 
-9 .. 94 
····a .. -n 
--7 .!59 
·-·6. ~)0 
·-!:)"52 
"'·4.,65 
-:3 .. 91 
····:-'>.:~~B 

-·:?. 74 

·-1 • 90 
···1 .(:, () 

·····1 • :3!') 
·-L 14 
-0 .. '{'( 
... ,l. B3 
-o.n 
--0 .. 62 
·-<1 .• !54 
--0..40 
··-0 •. 43 
·-··(1 .. :?iB 

T <:-:iriP _, v d r· i i:·r t ion 
("c) 

i .::.!. !'i:-5 
10.14 

B" ~-~3 
6.66 
~::; .. ::>9 
4.Tl 
''J. ··- ' ,,) ... Jb 

2.41 
2 .. 01 
1 • ,".,9 
1 .44 
1 .,24 
1 . ~lB 
0" s>::> 
0.!35 
0.76 
0.70 
(~. 64 
0. !')9 
0 .. !:>6 
() • ~5':3 
() _, ::; () 
0.48 
() .4~) 
0.4:·5 
0 .. 42 
0.40 
0.:59 
(). ::n 
0.36 
(). 3!'i 
(~. :34 

Starting at 120 (minutes) of heating phase 

C(JD I. in~~ ·l· i fir~~ 
(m i nut~~s) 

.. ., ··-( .} 

?0 
1 0!5 
120 
1 3!:) 
1 !')0 
·i 6!:> 
100 
1 ?~) 
210 

p-(~:~.f> ... v~·:1r· i at ion 
(k<J/s·~.cm) 

1:5.67 
7.74 
1 • :54 

-4 .. 42 
···-fJ.,'?O 

·-ii-.93 
-··1 :3.!')B 
····14.13 
--1:LB!5 
·-·1 :L 0:,; 
····11 ,. DS) 
--1(~.6(-) 

··~9" ~32 
-··U.06 
-·6-.D9 

Tt~mp ~ var· i at i Dn 
( 0 c) 

Hl. 71 
B.70 
7 "0~> 
!L71 
4 .. 64 
~~'" 79 
:-5 ... 1 1 
;o: .• !'iB 
? . 1 6 
1 .• a;:_, 
·t ·' ~5 r.~ 
1 ~ 34 
1 • 1 7 
1 • 04 

Cli I. fl.ow 
( d {rl::•)./h D H l" ·)(· k fr"l) 

~;_,57 

:>. 1 7 
(). 9!'5 

--0 .• B2 
.... 2 .. o~:> 
--2 ·'DO 
·-3.16 
--;;. 24 
<5.1:5 
.... ;.~ .. 90 

-··2 .. ~~1 
.... ~~" 01 
--1.74 
-1 .40 
···· 1 .. ~.:.~s 

--1~0!5 

-··0. DB 
·-0 .. 73 
····0. 61 
····().!')() 
--0. 42 
·-· () • :'>6 
·-·0. :.30 
--0 ·' 2!5 
····~) ·' 22 
····0. 1 B 
····0. 1 (, 
···(). 1 4 
··0 ., 12 
.... () ·' 1 1 
····(). 09 
···() ·' ()!3 

0 i I. f l.o"'' 
( drn:5/h our·''(· 1<1,1) 

!5 ·' 1 J 
?.61 
0.43 

····1. 3:3 
.... :,:.~ ·' !:>2 
.... 3" ?:3 
····3 ·' !:>4 

.... ;·5" 4 i 
····:·5" '14 
.... ?., D? 
·-<? ~ 4B 
, ... 2 A ·1 b 
.... 1 ~ B!5 
.... 1 "' ~:>7 

'-" 16-7 



) 

"' - -.., ~;.._;. 
' ' 

) 

) 

,_ 

) 

) 

J 

) 

) 

--- - -- -

' 

~--)1'~ ,, .. _,) 

240 
2 ~:> ~:> 
270 
2B:'i 
300 
315 
~3 :'3 () 
345 
3(;,0 
37") 
3?0 
40~') 

420 
43:'; 
•l'50 
465 

135 

Cool. i ng "l" i f1ie 

(m i nui·<'2S") 

0 
15 
30 
45 
6(1 

90 
1 o:; 
U0 
135 
150 
165 
1B0 
195 
21 (1 
225 
240 
2~55 

270 
2El5 
300 
315 
330 
345 
360 
37~) 

390 
-405 
4 ~-~ (-) 
4:'55 
450 

1 >0)0 

Coo I. i ·nq t i 111<:·:· 

~--5~0~:> 0 .. 93 
--4.~'3 0.04 
···-4. 1 5 o.n 
--·3. 4!3 0. -?1 
--;.>. 91 (). 66 
···2 .41 (). 6:5 
·-2 ~ 02 0.59 
-1 .}0 0 .. ::;6 

-1 .44 ().'53 
--1 .,.., .... · .. ,;.. 0. "' 1 --1 .04 0.49 
---0.90 (:l. 4 7 
-0.77 0.45 
-0.67 ().4:5 
--0.59 0.42 
-0.52 -- .. (). 41 
-0.46 0.:39 

(minutes) of heating ph i:i.Se 

Pr e.s .. v a-~ i c3 t ion 
( 1<9/S·l. em) 

1 2. 1 0 
b .. 13 

---0. 24 
-5.92 

-10.29 
-13.18 
-·14. 71 
-1~) .. 12 
-14.71 
-·13.77 
--1 2 .. 53 
-11. 18 

-·9. 77 
--n. 44 
-7.21 
-6.12 
-·5. 1 6 
-4. :54 
-·J. 64 
--3. 05 
-·2 .. 53-
-2 .13 
-1 • B0 

-1 .. 29 
---1.11 
-0.95 
.... o ~ 02 
-·(·)" 72 
.... 0 .. !:~3 
-~-(~ .. 56 

TerJ"tp ... vaT i at ion 
( <>c) 

13.80 
11.17 
9.08 
7.36 
5.98 
4.86 
3.98 
3.28 
2 .. 73 
2 .. 29 
1 • 94 
1.66 
1 • 44 
1.26 
1 • 1 2 
1 • 01 
0.92 
0.84 
0.78 
0.73 
(~. 69 
0 .. C)~> 
0.62 
(:> ,, :.-;9 
0.56 
0.54 

o. ::;0 
0.48 
().>17 
0 .. 4~) 

(IBin\t·tes> of heatil'l9 phase 

--1 .:~;3 

--1 . I 2 
·-0. ?:5 
--0.70 
-0 .. 65 
-0.>0)4 

--0 . 4~\ 
.... o .. :~a 
-0 .. 32 
·-0. ;:!7 
- 0. 23 
--o. ::.•o 
·-0. 1 7 
--0.1~) 

-·0. ·j 3 
·--0.12 
--0.1 () 

Di l fl.ow 
( drr>3/hou>··)(·krrl) 

4. 6:3 
2. ·14 

-0.08 
·-1.:30 
-2.95 
-3.60 
-3.!36 
-3.!34 
-:3. 65 
-3. :54 
--2 ·' (.?9 
--2.63 

-1 .. ~;>~) 

-1.,6~"> 

--1 • 40 
- ·) • 1 7 
-0.98 
-.. 0 .. 02 
-0.69 
.. ~0~~:;7 
·-·0.4!3 
--() .40 
-0.34 
---0. ?9 
~--(·) .. ~?5 
--0. :,:_> 1 
.... () ,_ ·1 B 
--"--.16 
.... ()_, ·j 4 
·-0 ~ ·1 ;_:_~ 

0 i I. f I.PW 

CP 16-8 



~ I 

~ .. 

"-.-

,,_ 

i ' 

, 
• I 

i 

(m i nutE•s) ( k <:J IS'1.. Cf•l) ( "C) ( clm3/hou r· ·li· kw) 

0 1 0 .. ~:>7 ·I 4' ;:.>6 4 ·' 1 1 1 , .. . .> 4.62 1 1 1::-,:~ 
~ ,,) _,) 1 .64 

;·5o -·1 .6"7 9. :59 ~--0~~:)~5 
4'" . .> -••7A.:.::4 "1.63 --··2 ,, ::~~;~ 
l,l() .... 1 1 .4!3 6.20 ····3. ;:;:~· 
··;;- ~5 ·····1 4 .. ::~s I"' ,._' 

~) ,, ~-, ,'"; .... 3 .. 9:'5 
~?o ···I ~::; .. t.) ~::; 4. •1 ~:> '"'4 A 1 4 

1 (-)~) ---1~) .. 9~5 :5.43 ···A. 08 
1 ;_:>() ····1 ~:> .43 :~: '· D t.') ·-<l. !V5 
1 '')!!::" -.:> __ , ····14 ·' 39 2.40 ··<5 ·' ~> 1 
1 ~50 ·-I :,;.. 08 2.04 -<5 ... 14 
1 (:) ~) ·-1 1 .-. i:d 1 ."/b -2 ,, 7~) 
1 no ····1 () • ·j 4 1 ,_ ~::; ;·5 -··? .. ;·57 
1 ?~) ····8 .. 7:> 1 -~- r.·· ... ~_) ·-·2. 03 
?1 0 -7 .,48 1 (L 2(·) -1 ...• ..,. 

4 { ...... 
'') '') r:-·'·· '·'· _) ·--(:, ... 34 1 .OB --1 .45 
24(-) ~~5 ~ :36 0.99 --1 .. 22 
2~~;5 ·-· 4 ,. ~') (-) 0 .. ?1 -1 .. (12 

• v-· 27{;) ·<>. 78 0 .. 84 -·(). f:J(., 
2B~:5 ····~l. 17 o. '19 ····(). 72 
;3 () () --2 .. 6~3 0.75 ·--~). ::>9 
:31 ~; --2 .. 22 cl. 71 ····O. ;;;o :no -1 .B7 0.67 -·(). 42 
;·545 ····1 .-. ~:> ~'l 0.64 ····0. :; 6 
360 --1 .35 0.61 ··-0. 30 
:·~)75 ····1 . 1 (., (). ~)9 ····(). 26 
~5?0 -·1 .00 (). ~)7 ···-() .. 22 
40~') -0.B7 () .. !:> !:) -- (). 19 
420 -0.'76 (). 5:5 -0. 1 7 
A3:i •···0. 67 0.51 ····0. 15 

Starting at 165 (minutes) of heatin<:J phasa 

Ct)ol.in9 tirnr::o 
( ltl i nUt E•S) 

(·) 

1 ~) 
:50 
4~) 

60 
75 
'}(-) 

1 0.0) 
120 
·1 :?l ~) 
·1 ~::;o 

1 6~') 
·j ~]0 

195 
:;· 1 0 

:no 
~?B5 
:300 

P! .. Ps.val .. iation T€0•1tlP.Va1·iatiDn Oil fl.ow 
lk<:J/s~.cm) ("C) (dm3/hour•kml 

9. 1 ~5 
:3 '"2C) 

-2 .. ?4 
·-8 .. 3B 

-1 ;.~ .. ~:)1 
,._ ·i ~:~ .. 1 ,1} 
--16.44 
-16.6:5 
·-16.,0:~ 

··-14 .. 92 
····1:3"~50 
·-1 L 97 
-··HL 4~5 

····9 .• 01 
····"/ .. 69 
-·6 .·. !5:3 

-·-4 ·' 64 
·<3. ?0 
<L;.'7 
.... 2 .. '?2 

14.65 
11 .. B7 
'?.66 
7. B~5 
6.:39 

4.29 
3.56 
~-'. 97 
2 .. !:>o 
2 A 1 4 
i . 85 
1 .f.,-j 
1 • 43 
1 .. :.~a 
1. 1 ~') 
1 ... 06 
o. '.n 
0.'.10 
0" n::> 
O .. BO 

:·1., 6.0 
1 • i 7 

····0. 97 
·<2. 60 
··<5 .. 65 
-4.:?1 
····4 .. 3B 
-·-4. ?B 
····4. 02 
·<L66 
.... 3 .. ~.:.~5 

···2. D4 
.... ;.~ ... 45 
.... ;.~>. 1 0 
····1 • ''."'8 
-1 .. !:}0 
····1 • 26 
.... 1 .. (·)6 

-··<->.DB 
--0. 7 4 
.... 0 .. 61 

CP 1 6-9 
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, 
I , 

) 

~ .. 

··,·-·-·-

) 

31 ~5 
~no 
34~') 

~!'160 

:5"7~) 

::190 
.ll (1 ~:> 
4~.1 0 

·~- :? ·' :;~ 9 
--1.?4 
.... i ·' 6~> 
····1 .41 
-1 _,;.!1 
·-·1.0~5 

····0. <j>j 
····0. DO 

0 .. 76 
o. n 
0 "'9 
0,.66 
,, • (:,4 

0 ·' \1) 1 
(-) .. ~59 
0.~')7 

····0 ~ ~)2 

····(). 44 
·-0. T"i' 
---0 .. ~32 
···0.27 
····0. 23 
····0 .. 20 
·-0.1 B 

Starting at 180 (minutes) of heating phase 

Coo I. i n9 t i me 
(r,l i nut<~.s-) · 

() 

15 
30 
4~:; 
6,) 
7~5 
90 

1 () ~') 
1 2(! 
1:35 
1"\H 
16S 
1B0 
1 <;> ~5 
210 

240 , ..... :-
.:.!, ,) ,.) 

270 
28~5 
]()() 
:315 
3~30 

34") 
:36 ,, 
;n"; 
39<~ 
405 

Pr·(~:s ~ vai~ i <·:,t i \]n 
( k<.l./S•'I_,CIJ~) 

7.DB 
~~ .. 06 

····4 ·• 0:3 
-9 .. ;n 

·-··1 3. Tl 
·-1~5.?1 

-17.10 
····17.19 
-16.~)3 

-1 ~L 32 
-··13 .. D4 
-12£26· 
-·10.(:,9 
-9 .. 22 
-7.87 . 
-6.68 
··-5. 64 
-4.75 
-A. o0· 
·-3. 36 
···2. 79 
-;~ .. 36 
··2. 00 
-·1 .. 70 
-·1 • 46 
-·1 .. 25 
-1.09 
····0. 95 

T<-~mp,. var· i i\'1 t ion 
(oC) 

14.96 
12.14 

9.013 
8.04 
6 .. 56 
5 .. 37 
4.42 
3.b7 
3.07 
?.b() 
2 .. 23 
1 .93 
1 A \1J9 
1 '· ~}0 
1 ''11;-.. ,:) .. > 
1 .. 22 
1. 1 ;.> 
1 • o;5 
0.?6 
(~. ')0 

.. • () .fl6 
,, • 81 
0.78 
0.74 
0. 71 
O.b8 
0.M 
0.64 

CJ i l f l. ow 
( d ,,-,:3./h o u ,. -~,I<~~) 

;5_ i :3' -. 
0.74 

-1.35 

··-3. 9:5 
···4. 44-
··4. ~58 
··-4. 45 
-4.16 
·<5' 77 
-·3. :3~:5 
-2 .. 92 
--2" 52 
····2 .. i 5 
··1 • 83 
-1.54 
····i. 29 
-1.08 
···0. 91 
·-0."76 
·-0. 63 
···0.~:>3 

····0. 45 
···0. ;58 
·-·0"' ~-53 
-·(). 28 
···().. 24 
·-0 .• 21 

Starting at 195 <minutes) of heatin<;J phase 

Cool i ng t i me 
({flinUtE\$) 

S'O 
i () ,; 
1 ;.! () 
1:35 

P·c(·:~s ... val-iatic)n Tewp ... var·i.ati(Jn Oi I. fl.r.~w 
Ckg/s~.cm) C"C) Cdm3./hour•km) 

6 .. 75 
1 _..(-) 1 

-··-4 .. (17 
····1 o.;:•o 
··-·i4.H> 
··-16.~'54 

-·1"7 .6:3 
--1"7.MJ 
--16 .. (11 
-··1 ~:) ... 6~:> 

1''>.?3 
12 ... 3{) 
10.08 

B ~ ~? 1 
b., )'·I 
~:5 ... 50 
4 '· ::)-4 
3. "?"7 
3. 1"? 

;_>. 71 
(·) ·' j"( 

·-1 ... 67 
·<l. 2() 
···-4.17 
-··4 ... 6~5 
····4 ... 7~5 
···-4. (,0 
-·-4. 28 
·<5..!37 

CP 16-10 
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) 

) 

f.~'- '·'· 
'""1"_~ ' 

il 

l 
! • 
,I -< .· 

) 

! ·"'\: 

J ,· 
\~~~~:~--

} 

150 
165 
100 
1 ?~) 
210 

240 . 
'')I:···:·· ..:. .. .> . .> 
2}~) 

20~) 

:·loo 
:3 1 ~') 
:3 :·l () 
:34~) 

3b0 
:375 
3'?0 

S tal- t i ng at ~.'1 0 

Coo I. i ng t i 11le 
(lliinut,~.;;l 

0 
1 ~') 
30 
4~5 
6~) 

75 
90 

1 () ~; 
120 
1 ~i5 
1 ~)() 
1 C,~) 
1BO 
1 '? :; 
210 ,., •... 
... -~,..-~; 

24(~ 

255 
270 
285 
300 
315 
330 
34~5 

3<:lo 
~17S 

St;;·,- t i ng at '')'")1:­.-; .. ,,,. __ . .> 

Cool i n<;J t i l<•e 
(fJ)inut(-;~s-) 

() 
1 s 
30 

CP 16-11 

-14.,12 
--1;.'.,49 
····1 0. B9 

·---9.,:-59 
-0.02 
····6 .. 01 
---~::;"' 7~5 

··-4 ~ D5 
··-4, 00 
·<l. 43 
·---~.: .. D6 
···-::.~ ·' 4 ::.~ 
••·;,~ A 0~5 

-·1 • 75 
-1 • 50 
--1.2? 
••••1 A 'I 2 

2A:31 
2.01 
1. Tr 
1 "~:)7 
1. 41 
1 • 29 
1. •18 
1 . 09 
1 . 02 
0.96 
0 ... <_~i i 
0.07 
<'>. B3 
0.79 
0.7C> 
0.73 
0., 70 

""3 ·' 43 
'"•2 ·' 9("1 
-- ::.~ ~ ~::; B 
·<' .. ?0 
--1. 13'7 
--1.~')7 
--·1 .. :·~? 
-·1.11 
·-0. 93 
--(). 7B 
•••0 A <J~j 

MOo0~~:;s 

-·0. 46 
-·0. 39 
--o. 34 
-·0. 29 .. 
--0. 25 "' .> 

h-es. V<n- i <l'l ion Temp. var i at i <)n nil flow 
(1<<3/S'l.t:ml (°Cl (clioi3/hour·>fkml 

5 .. '(''7 

<L 12 
-·5. 77 

--10.1:1? 
-14.70 

2.33 
0.04 

--1 • 95 
·<3. 44 
--4. 37 

' . 
. .:::_· 

-17.05 

·t 2 .. ~::;s 
1 0 ";~4 

fL36 
6.84 
~> .. 6::! 
4.64 
:5.1:17 
:L26 
2.Tl 
2" :~9 
2 .• 0B 
1 • 1:14 
1 • f.>4 
1 • 4B 
1 "3~> 
1 • 24 
1. 1 ~') 
1 • 07 
1 • 01 
0.'7(., 
(;). '}.:? 
(L B'l 
0 J~4 
O.BO 
0 ... ?7' 

-·-4.01 ·-~-· :·:·-i·· 
--18.10 
--10.05 
-17 .. 22 
--1~5.91 

-14.::14 
-.. 12.61:1 
--1·1.0~5 

·--·9 .. ~)3 
.. -B. ·14 
.... t,.'lj 
--.~').134 

--4. 93 
-4,.1~5 
-<L49 . 
•·u? o> ~')2 

-·2. 47 
--2. 1 0 
""1 • 79 
--1-~54 

""i. :3:'3 

(Minutes) of t1eating pl·1ase 

--4.90 
--4. 72 
-4.38 ' • 
--3 .. 95 ·_ >--,:~. 

-:3.50 
"-3.05 ...... ·'· . 

.... 2 .. 24 

.. _1 • 90 
-1 ... :S0 
-1 .. 35 
·-L 13 
""0. 95 
-·0. B0 
-~o .. l,6 
.... 0.~')6 
-0.40 
.... 0.•11 
····0 .. ~3~5 
·-·0. 30 

Pr·E·s .·. Vi:li"' i e,"l' ion T(·:-:•rnp .. vr:,1 .. i l·;, t ion 0 i I. 'f l.uiJJ 
( k9/.F•:r, .. (::tfl) ( nc) ( drn:_':)/h DUl" ·)(·/<ill) 

4.'73 15.64 2.00 
-0.64 12~72 ·-0 .. 24 
•·•6,..44 10A39 ·•-2A19 



' .. 
'") .. 

) 

i ) 

-_,, .. 

).:.· ... 

y 
I 

J 

l 

) 

: ) 

4':~ .. .> 
60 ·-···-( .:> 
90 

1<1~) 

1::.'0 
1 ~3 ~:> 
1 ~)() 
1 6~5 
1DO 
j 9:5 
210 
'i "} 1:·· ...... -.. _) 

240 
25~} 

27'0 
28~5 
300 
315 
330 
34~) 

360 

Starting ,,,t 240 

Cool i ng t i ,,le 
(roinut~;,.s) 

0 
15 
30 
4!5 
60 
'75 
90 

i 0:5 
120 
135 
150 
165 
180 
195 
210 
22!:> 
240 
'")l_l,_ ..:.. _') . .> 
270 
2D~~~ 

300 
31 ") 
330 
34!') 

····1 1 .47 D~49 
-.. 1 ~:) .. 19 6 ... 9~~ 
··:··17 .. 50 ~>" 72 
... Hl.45 4.74 
--1 f'l. :34 3.96 
--17JI7 3~34 
--16.·!:;! ~:-~ .. B5 
-1 4 .. ~52 2.46 
·-1~! .. 04 2 .. 1 ~) 
-1 1 • 1 9 1 .90 

-·9 .. 64 1 .. 70 
-B .. 24 1 • :; 4 
- ., • 00 1 .41 
--~)" 92 1 .. 3() 
-4.99 1 .. 20 
--4.21 1 • 1 3 
-3.55 1 • 0(., 
-·2. 97 1 .01 
-2" 5'1 0.96 
-2.14 0.92 
-·1 .. 03 0.80 
-1 .. ~)7 (). 8~) 

(f~inutes) of heating phase 

Pres .. variation Temp .. variation 
(kg/sq.cm) ("C) 

4.22 
·-1 • ?8 
-·7.00 

- ·jj • 95 
·-15J>3 
-1'LB:3 
-Hl .. ·n 
-1 a .. ~:>8 
-17.(:,7 
--i6,.2<f 
-14.67 
·-· ·j ~? ·' ~? b 
-11 .. 29 
-9 ... 73 
-·B. :52 
--7.0'7 
---~3 .. 9fJ 
-5 .. 0~5 
--4 .. 26 
-- :.3 ,, 6 (:) 
.... :;s ·' 0 i 
··~2 ·' ~::.;5 

.... 2 ·' 1 B 
-··1 .. (')6 

1 ~>.B1 
12.8'7 
10.,)2 
0.60 
"?. ()~) 
~i.El1 
4.83 
4.04 
:5.42 
2 .. 93 
2 .. 53 

1. 97 
1 • 76 
1.60 
1 ,4(:, 
1 ... 3~~ 
1 • 26 
1.1 B 
L 11 
1 .1:)6 
1 .J) 1 
0.97 
rL 93 

····3' (,4 
••·•4 A !:)4 
.... 4 .. 96 
... 5 ·' (·) 1 
... 4. B1 
.... A. 46 
·-4. 02 
····:-s .. ~::;s 
·<L 10 
.... :~ .. b6 
····2 .. ::_~7 
... 1 .93 
-·1 .63 
-1 .:n 
'"1 • 1 :> 
.... 0.97·.· 
--(). 81 
-0.6B· 
·-0.~'57 
-·0 .49. 
-0.41 
--0.36 

0 i I. f I. ow 
(dm3/hDur·lfiu,l) 

1 .. 72 .L~ 

-0.4? 
-·2 .. 39 
-3.81 
---4.68 
-5. 08 ·. ·. ··. 

CP 16-12 

. ·--. . - . "''''• ..... 

--·5. 1 1 ... :., .· . 
--4.tl9 
-4 A ~52 
-A. oa 
-·3. 60 
-:5. 1 4 
... 2. 70 
~~:~A 30 
-·1 .. 95 
"~1 ... 6~) 
-1 .:w 
-1 • 1 7 
--·0. 'lB 
·-() .!'l2 
... 0 ·' 69 
··0. ~>B 
.... o.::>~> 
.... 0.42 

Starting at 255 (t~inutes> of heatfng IJhase 

Coo [ i ng t i we 
(m i nut<~~s) 

F'r·<.;:.s· .. variati<]n Tr~rnp ... val"ia'l'ic•n Oil. fl.ow 
(kg/sq"cm) (aC) (,Jm3/tlour*km) 



' 

) 

) 

) 

l 

) 

'l 

) 

0 
15 
::;o 
4~5 
(.,0 
7~:> 

90 
1 () ~) 
1 ;.'0 
1 3~) 
1 ~)() 
165 
1 Fi () 
1 ?~::; 
210 
2 ::.~ ~) 
:'40 
'1 ~-c­
~· .. --~ ~) 
270 
2B5 
~300 

:3 i ~5 
:33(·) 

:'L 62 
... , ,,!;) 1 
····7 ~ 46 

""l2 .. 37 
"··15,.9~) 

""l8 .. 10 
.... iB.'?f.> 
·-··1 B" "?f.> 
-.. 1"i'.03 
.... ·j (.," 4:l 
""l4.70 
""l :3" ()(., 
... ·11. :m 

--~r:_l _, B 1 
.... (L :39 
""7" ·j :3 
····6 ... 04 
~ .. ~::;'" 1 0 
--4 .. 31 
-3.64 
-3.05 
--2 .. ~)'} 
-2 .. ~~1 

1 ~) ·' ?t:) 
1 :.L (:) 0 
10.64 

B .. 70 
7.1~') 

~:L 90 
4.91 
4.12 
:5 " ~) () 
3.•:)(~ 

2.60 
2 .. 2B 
2 .. (13 
1.02 
1 • 66 
1 .. :>2 
1 • 40 
1. 31 
1.23 
1.16 
1 • 11 
1 • 06 
1.01 

·j "49 
.... 0 .. 60 
····2 ,, ~:>t:> 
o•M3 ~ 96 
-·A.OO 
····5" 17 
--·~5 .. 1 r; 
"-4.?6 
--4. ~iB 
--4" 1 :;> 
··<1 ... 64 
·-<>. 1 7 
~--2 .. 7:3 
-2 .. ~33 
···j. '17 
-1.67 
-1 .. 40 
-1.1 B 
--(\,99 
--0. B4 
-·0.70·· 
··-0" ~)9 
--0.~)0 

Starting at 270 C~inutes) of heating phase 

Cc)o I. i ng t i me 
(tr"l i nutt:-!s) 

0 
1 ~) 
30 
45 
60 
75 
'/0 

105 
j ?0 
1 3~) 

1 "'() 
1 6~) 
180 
·j 95 
210 

240 
25~) 

no 
-~~ n~:> 
300 
;:) ·1 ~:) 

Pl"<'.s.varia·tion Tarnp.variatio,n Oil flow 
(kg/s·:l.Cf>l) ("C) (df>l:l/htJU\";'kt>\) 

3. ·12 
-··2 .. 21J 
-·7 .Bb 

""1 2" 60 
··-1 6 .. 21 
.... 1 B. 32 
·····19 ,, i 4 
.... 1 B. ?2 
""l'l" ?6 
-16.~':;4 

····14~.Ba 

--13.14 
""l1 .4~) 

.... 9. B'l 

.... n.4~'i 

.... 7. 1 n 
""b" 0'? 
··-5 .. 1~:> 

''"4 A ;?)5 
····:3~ b7 
.... ;3 .·. OB 
-·2 h 62 

16.09 
n.11 
10.74 

n.BO 
7"'24 
5.99 
4.?9 
4.20 

3.<n 
2.67 
'J '7.1:"" 
~-" •=> •• ) 
2 .. 09 
1 .na 
1 • 7·! 
i .. !:57 
1 "46 
1 • :•6 
1 • ;>.B 
1 ,, .::.> 1 
1 .• '!!'> 
L ·j () 

1.29."" 
.... 0. B4 
-2 .. 71 
--4" ~)7 
·-4. ?0 
····5 ~. 26 

····5 .. 02 
""4. 63 
""4" 16 
··<?L 68 
--3. ~~0 
.... 2 .. 75 
-·2 .. 35 
- i .. 9<7 
.... 1 • 6B 
·-1 • 42 
-·1. 19 
""1 • 00 
.... <-> ·' B~) 

""0 '· '/1 
""('!. 60 

Starting at 28~5 Cmintltes) of hea·ting phase 

Coo I. i ncJ t i w": 
( f>l i nu "I" (·:·:·s) 

0 

F'"(f:Js.,var·iation Tr.::rnp .. v!:lr·iation Di I. flo'.IJ 
(kg/sq .. cM) ( 0

(:) (dln3/110Ul-1~kni) 

2-.70 16.?0 1.1? 

CP 16-.13 



) 

) 

I --
~ .~t:·,,, 

,--' .:_e-;~:-· -·. 
·"-'-~- -- ' 

) 

I ) 

, ..... · ... · ··· .. 

, ___ --··--' 
,. "'·--

l ,;. 

) 

) 

I. 

l 

) 

) 

1 :> 
3(~ 

.q ~5 
6() 
7~5 
?0 

1 (')~) 
120 
1 3':) 
1 ~·; 0 
1 (J5 
180 
1 '? ~') 
210 

240 
•')J::•r.·· 
,;_,J ,') 

27() 
285" 
3(10 

. ·: 

300 

Coo I. i ng t i frlF.! 
': m i nu t(~·~s) 

0 
·t ~:> 
~')0 

45 
60 
7!5 
?0 

1 () ':) 
120 
1 :?,~) 
1 ~5 () 
165 
180 
195 
210 
225 
240·-
25~i 
270 
285 

CoD l i ng t i rrH~ 
(tllinut<~s) 

.. 
' 

·<'' 64 ... a. 17 
... 12.?4 
·-1<'>.4~.' 
-·1B .. 49 
... 1 9' 28 
-·19. 03 
... 1 a . <·!<'> 
-1<'>.62 
... 14.'?~5· 
--13 .. 21 
·-11 .. ~')1 

····9 .. 93 
.... a .. 49 · 
----? .. 23 
""6 .• 1:3 
-~L 1 B 
··-4. :58 
·-<3 • '71 
-3. 11 

1 3. 21 
1 (·).0:3 

D.D9 
7,32 
6.07 
~:>"'0(:) 

4.27 

:·L 1:3 
~-' .• T.5 
;;> ,, 4() 

2 .. 1 ~5 
·j ~ 93 
1 '"?b 
1 "'62 
1 .. ::; i 
1 .41 
1 • :32 
1 • 25 
1 • 20 

""0. '1'1 
····2 .. u::~ 
---4. 17 
""4 .. ?0 
""~5 .. ~:~2 
-·· ~~; ·' ::, 1 
·-':). 0<'> 
'"'.<), (.,"( 

-4. ~-'0 
-·3. 70 
··<5 .. 22 
""2. Tl 
""2. :~7 
.... 2. () 1 
""1 • ","() 
.... 1 J+:5 
-1 .. ::~0 
""1 • 01 . 
.... 0. 06 
""0. 72 

Ct~inutes) of heating pt1ase 

P·ces .. va·f i at i (;)n TE•11~P .· var· i i:1 t ion D i I. f l.ot~J 

( 1{<~/.s:·~.C:frl) ("C) (clrrl:3/houl"·lekrr'r) 

2 .. 34 
-2.94 
-8.42 

-13.15 
-16.~59 
-HLb3 
-19.39 
-1'1.13 
-18.13 
-·16.6'1 
··1':).01 
-i 3 .. 2Cl 
-11.~')6 

-'9 ·' 97 
····B .. :::;::; 
·-"1 .. 26 
--6.16-

... -4.41 
-3 .. 74 

·1 (:) ·' 3(~ 
1:·~).3·1 

1 0 .. (.?2 
O.'tf3 
7.40 
6. 1 4 
5.14 
4. 3:5 
3.70 
3. 1? 

2,.4(., 
2.2() 
1 ,, 9'1 
1 • B1 
1 ·' 6 '7 
1 .. 5~) 
1 . ..4 ~') 
1 ,, ;·37 
i .. :}() 

(). 97 
--· i .. i ·i 
-··2" ?2. 
····4" 2~:> 
.... ~5. 05 
--5 .. ~58 
·"":). 36 
·<L i 0 
-·4. 70 
.... 4 .. 23 
""3. '7:3 
·<L24 

. '"'2. 7'1 
·---;! .. ~3B 
·-·2" (-)2 :. 

""1. 71 
--1 • 44 
-.. 1 '· 22 
.... 1.02 
.... (). 86 

P)"{~~-~~ .. v(·;~)~ i at i ()n T<-:-~n-IP ... va·r i at ion (] i I. f I.D\4 

( k <.] /S·l·· C:fr'r) ( "C) ( d ffr:~)./1'1 D U r· .J(· k frl) 

;_~ ,, 0 ~::; 
·<!!-. 19 
·-G.i,:3 

--13.31 
····"16 ,, 7;·~ 
····1 B.-. "?4 

1 /) .·.A 0 
1 :') .. 40 
1 i ... () i 

9 .. 0~) 
-~.,. "40 
6 ·' 21 

(·) ·' B~5 
.... 1 • ;w 
.... :3,.0() 

.... ~L 1 (·) 
"""~)A-4;3 

CP 16-14 



,.~,,. __ _ 

) 

l· ·.•·· 

?0 
1 0~') 
1 2(-) 
1 ;5~5 
1 ~·> (-) 
1l,:> 
·j f:l(~ 
1 9 ~:; 
210 

Coo I. i n9 t i fiH? 
(minut(-:~s) 

0 
1 ~) 
30 
-4~5 

60 
7~5 

S'0 
1 0~) 
120 
13~) 

1 ~)0 
165 
1 8(-) 
1 '1 ~) 
210 
22~) 

240 

·····I 9 A 4B 
···1 ". 20 
····1 n. ·1 'i' 
-·1 "' .. "74 
-.. 1~5.05 
-·13.30 
··11.~5? 
... i 0. 00 

-B ~ ~:;·7 
-·7. 30 
-6. 1 <;> 

····5. 24 
-4.44 

4.40 
3.76 
'7. ·-..•::-,J A ...... ,.} 

::2 A ~:) :~ 
'1: '")I!" 
~· .. A &" .... ) 

2 .. G4 
·j ,.06 
1 "72 
1 .. 60 
1 • 5(-) 
1 • 41 

(minutes) of heating phase· 

·---~>~40 

·-·~·;. 1 4 
···-4. n 
· .... 4~2~:> 
-<L 7~5 
····:·~;" 26 
<'. B1 
·<.' .4(-) 
··-2. 04 
·-·1.72 
.... ·1. 45 
··-1 .22. 
··-1.03· 

l"n;1s.variation Terrlp.vari,~tion Di I. fl.ow 
(kg/sq.cm) (•C) (dm3/hour•km) 

1. 81 
·<L 3? 
-8.80 

-13 .. 45 
--16 .. 84 
.... 1 D A D3 
.. -19.55 
--1"!.25 
-18.24 
-·16. 78 
--·15.09 
-·13.33 
·-11.63 
-··10.03 

···B .. 59 
.... 7 .. :·52 
.... 6 _, ::.~ 2 
.. -~5" ::~7 

16.49 
1:5.48 
11 • 09 

9.1:5 
·-· r::· r.-( A,),) 

6 .. 28 
~5 A ;,~7 
4. £j(;, 
:~ .. B2 
3. 31 
2. 9(-) 
:~A ~57 
2 ,, ~10 
2.09 
1 .. 9't 
1. n 
1 • 6~) 
1 • ~)4 

() • 71.> 
--1 • 28 
·-<3.07 
···-4. :n 
.... ~) .. 1 5 
·-·~5. 47 
-5.44 
•.. ;;_,17 
···-4.76 
·-·4 .. ::!7 
-·3. 77 
.... 3 .. 28 
-;.>. B2 
--2. 41 
-:L 05 . 
--1. n 
·-1 ..46 
·-·1 • 23 

Starting at 345 (minutes) of heating phase 

'_-_,....·.:... ___ . 

) 

) 

) 

Coo!. i ng t i IIH~ 
( 111 i nu tr,~.s) 

0 
1 ~'i 
~~0 
4!:> 
60 
7~') 

'?(-) 

1 <Y'> 
12() 
1 :> ~·; 
1 ~·; () 
1 6~') 
1DO 
1 9 ~·) 
210 

Pr·"-". v<;,·,. i at ion Tt"lfrP .. val· i <.d ion D i I. flow 
(kg/sq.cm) <•C) (dm3/hour•km)· 

·<5. 56 
···8. 94 

-LL56 
····16~rl2 

---1 B _, ~J? 
·····I '1 .. 60 
--1 9 ·'· ;.?9 
----·1 D _, ~?B 
-- ·j (, .·. f:l·l 
····1~5 .• ·12 
-----13~:.::.6 

.... 1 ·1 _, .5~5 
-10 .. 06 

.... D _, cS2 

16.~')!3 

1;3.~56 

11.16 
'l ·' ;:?. () 
7.{,1 
6.34 
C" .. ., "1. .. ) .. ,:; ~:.> 

4 .. 52 
3,.8B 
:3 .. ;·56 
:~ ·' ":) ~> 
? .. l>:~~ 
'i ... , C" 
.. ·-~,!) . .) 

2.14 
1 .. (?6 

0.6!3 
""1 .• ;35 
····3.13 
···-4 ..42 
.... ~:> .. ·1 9 
... ~> .. ::>0 
····~:i.47 

··--~:>~19 

··-4 '· ·m 
···-4. 29 
"":3" "?('; 
.... ;·l. 2? 
·<'.B4 

CP 16-15 



) 

,·:: 

') 

.2~~5 

24(1 

Coot in<J tiltH:> 
(,flintttr:~.s:) 

0 
1 ~') 
:5() 
4 ~:> 
60 
"""} r.­' _) 

90 
1 () ~) 
120 

·! ~') () 
1<'>5 
·! 80 
1 9~) 
210 

-·· 7' ., :3 ~5 
·····6 ~ ::.~4 

F:.r·<·:-~s ~val" i i:i"l" ion 
< kq /.s:·l ~ c~1i) 

1.4~') 

·-3. 70 
··-9~0~:5 

·-13. 6~'5 
--16-.9? 
-··1B.94 
-1'1.64 
--1'1.33 
-18.30 
---1(,.BJ 
-·15.14 
-13.38 
---11.67 
-10.,08 

---B .. 64 
-7.37 

1 • t11 
1 "6? 

Tr!!fi"IP ~ vc~·r i t:i"l" ion 
("C) 

·1 b ~ 6~:;: 

13.64 
11A~?~5 

7.68 
<'>.40 
~) .. 39 
4.58 
~3 .. 93 
3.41 
3.00 
2.67 
2.40 
2.1 8 
2 .()1 

1 • 8<'> 

Startirig at 375 (t~inutes) of l1eating phase 

CooL i ng t i ltW 

(rtlinlltes) 

() 
1 ~5 
3(·) 
45 
.1>0 
"""}I:" 
I ,) 

'10 
1 05 -
120 
1 ;35 
'i ~~;o 
1 6~) 
1BO 
195 
210 

Pi-e:s ... var· ic":ii" i<:)n 
( k<J/S•'[.Cftl) 

1 • ;:n 
·-<3. 82 
--'1.14 

--13.72 
--17 .()-4 
-·i8.'?B 
---1'1.,67 
-· 1? A 35 
"" 1 f:l. :32 
---16.B~5 

.. -1~5~1~:> 
-1 ::; .4() 
---11.69 
----1\L10 

---B.M 

Temp. var i ,,1 t ion 
("C) 

16.73 
13.'71 
11.:so 

9 .. 33 
7.74 
6.46 
~). 44 
4.63 
3.9B 
3.47 
3.05 
2. 72 
~:.~" -45 
2 .. 2~"5 
~-~" o~:> 

Starting at 3'10 (minutes) of heating phase 

Coo I. i ng t i ill{·:·:· 

( ffl in u t <·:·~.!::) 
l:'i- (.;.:·s ., v <·:·1 ·r i E1 t inn 

( kq/s•l .. c:tn) 

.... 3 .. ~?1 
-·9 A 22 

.. -·1:3 ... 70 
---17.00 
---·!? .. 01 

T <~·:f•)P .. \i <:·11- i a "l" ion 
( (C c) 

16.-.80 
·! 3 .. T1 
1 1 ·' 36 
9. 3'i' 
7.BO 

--1.74 
---1.47 

n i 1. f l.()l~ 
( d w3/h o u ·c ·J(· kill) 

(). (., 1 
---1.41 
---::,. 1 7 
--4. 46 
.. ~5~22' 
.... ~:} .. ~)3 
--5. 49 ~-c 
-5.21 
--4. B0, 
-·A .. ~51 
----3. BO 
---3.31 
----2. B5 
~..:?. ... 43 
-2 .. 07 
---1 • 75 

Oilfl.ow 
( drtl3/houl- ·l(km) 

0 l:""l:" . _) -~ 

·-·1.46 
-;3. 21 
----4.49 
.... ~5 .. 2~5 
.... ~;" ~:>5 
-~ ~5 .. ~:> 1 
.... 5 .. 23 
---4 ,_ B1 
.... 4 .. :~~2 
--3. B 1 
·-3. 32 
-.. 2 ., Bt1 
·<2 .. 44 
--~~. 08 

Oil flov-J 
( d rn3/l··~ o u ·~"" 1(· k m) 

0. ~')() 
"" ·! • ~:; () 
.... 3 ·' 2~5 
.... 4 .. ~:>2 
-·5 ... 28 
.. _ ~:~ •' ~::; 8 

CP 16-16 



) 

) 

) 

, 
.,.·-· 

~. ·--~ -

.J. 

J ·-,- -

') 

90 
1 0~) 
1 ;:,> (~ 
1 :5 ~) 
1 ~50 
1 (:, ~') 
1(')(-) 
i 9~:) 

····1~~).,68 

-1 9 .. :·~(:, 

····1 n. ::13 
-··1 6Jl6 
·-1~L16 

•··13 .. 41 
11 ·' 70 

·10.11 

~:; ... ~:_:; (-) 
4 .. bB 
4. 0:5 
''Y. 1:'''') 
,:,~-"' . .> ... · .• 
3 ,, 1 () 

2 ... ~5() 
2.27 

Star·ting at 405 (mirtutes) o·f !1eatir1g pl·tase 

Cot) l i ·n'~1 t i fire 
(rninu·h~.s) 

·50 
·r~5 

9(~ 
1 (:) ~) 
1 :'o 
1 :~ ~') 
1 ~50 
16~) 

Hl0 

Starting at 

P)-E~.s .. val- it·:lt ion 
( k"J/.s:~_.cm) 

1.10 
-4.00 
····9 .. 28 

----1:3.02 
----17.11 
··-i 9 "(-)3 
----1?.'10 
--1S'.37 
-1B ... 34 
-16.137 
----15.17 
-13.42 
-1 L 71 

Tefr'rP ~val- i a "l' ion 
( <>c) 

16.87 
13.84 
11 .42 
9. 4~) 
7.86 
6.57 
5 .. 55 
4.74 
4.08 
3.56 
3 .. 1!:) 
2.81 
2 .. ~54 

(minutes> of J·teaiing phase 

·---~5~5~-~ 
·---~) ~ 25 
····4. u:·l 
'"·4 .. 33 
·<5.02 
·<L33 
-<~. B7 
--~2"' 45 

Oil. flow 
( dm:3/hou)·;•fH,)) · 

0.46 
-1.53-· 
-3 .. ;!a-··. 
-4. ~-}5 
·-5 .. ~-~o 
-5. ~)9. 
-·5 .. ::;s 
-5 .. 26 
---4. B4 
-4.35 
·-3. f.l3 
-3. :34 
--2. 88 

,._,_._.,. .. 

\...£' lb-li 

--··/··· 

Cool i ng t i 11H~ 
<minut<es) 

Pres .. variation Temp~variation Oil flow -·~· 

(-) 

1 ~5 
30 
4~') 

60 
75 
';> () 

1(~5 

1 :~o 
1 ::-> ~:> 
1 ~') 0 
165 

( kg/.S'•l.CII)) ( °C) (cfli)3/h0U)"*f<r~)· 

1 ,, ()2 
··-4 .. 06 
-·9. ::n 

·····1 :3., f~6 
·-·17 .• I 4 
-19 .. 04 
-1'~ .. 71 
--1 s> .• :·m 
-1B .. :.3.4 
-16 .. B7 
-1 !::; ·' ·1 B 
---1 :·L 4~> 

16.?:~ 

1:3.?0 
11 • 48 

9 r.:·.e 
" -' I 

7.91 
l. '"7. \.) '· ~"J. •. ~ 
5 ~ (;,0 
4. '79 
4. 1 3 
3 ,, 61 
3 -· 1 ') 
? .. 86 

0.43 
----1 • ~56 
·-·3. :10 .. 
---4. ~57 

. .... 5 ~:52 
-~> ~ f.d 
-·5. ~)6 
-~·~5 .. 28 
---4. B5 
--·-4. 36 
---3. f.l4 
·-:3. 35 

S·tar·ting at 435 (minutes) of heatlr)g phase 

Ccw l i ng t i r,-,<;! 
( w i nu.·l:(-:-~s) 

Pres~variati(Jn l'emt~~variation Oil flow 
Ckg/.s;~.cm) ("C) Cdm3/hour*km) 

0.95 16.99 0.40 
··-4.-12 13.96 ----1.~')() 
----9 .:n 11 .~54 --·3.32 

----13~09 

--·17 .. 1~5 
-.. i9 .. 0~:) 

? .. 56 
7.96 
6 .. 6B 

··--4-.51? 
.... ~:> .. ~-33 
.... ~5 .. b~~ 

. ~- -····'-· '· . 



) 

) 

) 

) 

') ' ... 

~··.· 

~.; .. 
l•··.· 

: .. 1 .( 
;:.,,: ...... 

l 

(?(·) 

105 
120 
135 
i ~::; 0 

Cool. i n<3 t i me 
( 111 in u t f.'S) 

(1 

1 ~·; 
:00 
45 

·1 0~~; 
I ;;.~ 0 
·13!5 

-19.'71 
--19.313 
·····i 0. 34 
··-16 .. 0'7 
·-·1~L1B 

~:> ~ 6 ~:) 
~1 .. B3 
4. ·1 B 
'7. l l 
•. ~ .. U\.) 

···-~~~ ~ ~:>7 

·--~:>" 29 
-A .. D6 
··-4" 37 
····:·5 ... B5 

F'rE~S .. Vt':lf' i cit j 011 Tt::•fi'IP ·' var· i a 'l' ion 0 i I. f tow 
{ k{J/::::·:t .. cm) ( °C) (dli't3/hour·)f·kfl"t) 

0.89 
-4.17 
·-·9.41 

-13.'i1 
-"1'7.17 
-·1 9. 06 
--19.71 
--19.38 
-113.34 
-16.87 

17 .()~') 
14 .0~~ 
11.~')9 

? .. 62 
8. 01 
6.7:3 
~'). 70 
4.BU 
4.23 
3.70 

0. ;r,G 
·-1. 61 
-·3 .. 34 
-A. 60 · 
-·5. 3~) 
···-~)" 64 
--~5 _, 5'? 
-··!:) " ~"50 
-4 .. B7 
···-4 .• 3B .--

Starting at 465 (minutes) of heating phase 

Coo I. i ng t i 111e 
( r,~ i nu tt.::.s) 

0 
·I ~5 
:·30 
I!.:-

"'T •• > 
60 
75 
'JO 

·j 05 
1?0 

F'l·es.variation Tfeftlp.val·ic.lti<Jn Oi I. fl.ow 
(kg/sq.cm) c•c) (dm:O/hour•kml 

O.B4 
-4.21 
-·9. 44 

-13.93 
·-17.17 
-1?.06 
-1'i'.71 
···19.:"5'7 
-1B.:34 

17. 11 
14.•)"? 
11 .. b5 
9.67 
8.06 
6.7B 
:; • 75 
4 .. 9:5 
4.n 

0. :'>6 
-1.62 
·-3. 36 
-4.62 
-·~). 36 
,,,,1:;' ',-

.. ) .. (J _) 

··-~') .. 60 
·-!:) .. 31 
···A.BB 

Startirlg at 480 (minu·tes) of heating phase 

Coo I. i n<;J t i t1}e 

< t11 i nu t<='.s:) 

0 
1 ~5 
~5(·) 

4~'5 

60 
'""'I'"' { .:> 
90 

1 0 ~) 

Cno I. i n•J 'l i ftle 
~:t,l i nu"l'r:.-~s) 

Pr·(.;:o.s _, v(·:}r· it:, t i ()"!1 T(~-:·i!lp ~ va·,-- i (·:·,t ion 0 i I. "f l..ov..t 
Ckg/s,.cml ("Cl (dm3/hour•kml 

0.79 17.16 0.34 
-4.24 14.12 -1.64 
... 9 .46 11 • 70 ·<5. Sl 

-13ft94 9~72 -··4a63 
-17., 1 D a. 1 'I ···~'). 37 
-19a06 6~82 ···5.66 
-19.70 5.79 -5.61 

. 

l~resAve1··iation 1"er~p.vel··ia·tiol'l OiL fl.t)W 

( k9/sq_ ... ct,l) (~~c) ({.lfl'!3/hnu·r·)(·kr,l) 

CP 16-18 



) 

) 

l 

) 

) 

• 

) 

) 

) 

) 

0. 7~5 
····4 ·' :.:~7 
····9. 4B 

.... 1 :L ?~) 

.... 1 7 ... 1 B 
.... i~?~O~:> 
""19.7() 

17" 22 
1 •1 • 1 "i' 
1 ·1 .• 'l "' 

9 ~ '"?7 
B. 1 6 
b.D7 
:i. B4 

HH ;·~ .. ;·~ 9 
····.ti ... b4 
····!::t d 3B 
---!:5 .• 67 
.. ..,) • 61 

Starting at 510 (minutes) of heating phase 

Cool i ng t i IllS 
(Ill i nutesl 

() 
1 ~5 
~'() 
4~5 

60' 
75 

·=··•")1-.,) .. : .. J 

CooL i n<=J t i 11iS 
(m i nutc.::o.s-) 

0 
1 ~) 
::J() 
4!5 
{.() 

f'r·e.s.val-iation TE·mp.vai-iation Oi I. flow 
(I<·~ /.s•1. 1:11i > ( "C) ( cl 111:31h ou·,- -K h 111) 

(). 72 
.... 4. :50 
-?.50 

-13.?6 
""17. ·i 8 
-·1? .. 05 

17.27 
14 .. ;!2 
11.80 
?.81 
B. 21 
<'>.91 

C~tin(ttes) of heatir1g phase 

0. 31 
--1 .67 
~-3 .. 40 
.... 4. 65 
-:;.~,9 

.... ~). 68 

Pr· (-:~s _,val- i <':l t i c~n T<-~fllP ... var i at ion 0 i L f I. ow 
(kg/s~.cml ("Cl (cim3/hour-Kkml 

0 ... 6B 
-4.32 
·-·9~:>1 

""13.9{., 
--17 .. 18 

1 7" :32 
14.27 
11.84 
?.06 
8 ... ~~5 

0~29. 

-1.68 
.... 3. 41 
·-4. 66 
'"·5. 40 

Starting at 540 (minutes) of heating phase 

Cool i ng t i 1111e 

<<11inute.s:) 

0 
1 5 
30 
45 

Pr· f.1S .. v a i- i a -1: ion 
( k<.l/.S:•l.CI~) 

0.66 
... -4.34 
····9 ... !:>2 

""1:3.97 

Tt:-:mp .. v<·:ir· i <':it ion 
("Cl 

17.37 
1 4 ... 3:~ 
11.B9 
9.9() 

[) j J. 'f J. C1W 
( clfll3/hDUl"•K·kfll) 

0.28 
""1 • 69 
.... 3.42. 
.... 4. 67 

Starting at 555 (miriutes) of l1eating phase 

Cool i ng t i 1110~ 
(minut(-:-:·s) 

0 
15 
30 

CooL in'~ t i ffl<-~ 
<minute.!;·) 

Pres~variation Tempftvariation 
(kg/sq~cm) <~~c) 

0~63 i7~41 
-4.:36 14.37 
·-·c? .. 53 1 ·1 .·. 9;3 

[) i J. 'f J. ClW 
( clr11:3/h Dill" ·l•' k ~~) 

0 .. ;::7 
""1 .• 70 
·<3' 4 ::l 

r:•r·f.-~s .. v~:n .. i d t ion T<-:.'fllP ~val~ i .r.1 t ion D i I. f L1:-..w 
(kg/s·~ .. cm) (°C) (c:lr~3/hol!r~kt~) 

CP 16-19 
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' 
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) 

) 

0 
1 ~5 

CIRCEE 0 TRANSE ? 
? 
c i l'' r~ <-?.C-1 

.,-_, 
' . 

(L b1 
····4_,;'!,0 

Oi I. cfr· .. nsity ·- .. 9B7 i<CJ/dt•l3 

17.4(, 
1 4. 41 

Experimental comfficient due to restrictor device 
instnted in the oiL duct -·· .471 

Feeding pressure <nor,~al pump relief pressure) Ckg/cro2)? 
:_>,(:) 
Starting pressure= 30.0 kg/cm2 

Cable Length up to severance point = 100.0 km 
Sea water pressure at severance point= 1~00 kg/c{~2 
Opter·id i 119 p Ulf•P 

distance between two restrictor devices- 2000 m 
Inside diameter of restrictor device= 7.0 mm 

O.::!.b 
1 • ., 1 

O(L pr·esstn·e g;·adient at the s<•vt>·.-ance point = --0.12D:5<k<J/c:w::>.;kt•ll 

-- -··-,.-~- -- ,_._-;-_.---~ . 

1•-lor·st oil Pi"l•'-"-"Ul-e dist;·ibutirm frot11 the sever·anc:<0 accidc•rd'"- 105.0 (t,iin.) 
-~\t'¥f OiL flow <dt,;3/houi·) at the seve·,-,Hice point ba.!>f,•d on ......... . 
·"·- p;·E;ssu·,·e gr·r.;dient = -50.871 • 

) 

) 

f -···· 

-- ---r 

) 

. ) 

TRANSIENT PRESSURE DROP 

SevE~l-~·:1nce PD i nt 
distance (kw) 

0.00 
9.09 

i B. 1 8 
27.27 
36.36 
45.45 
~)4. 55 
63. (,4 
72.73 
8·1. 82 
90.91 

100.00 
'? 
-~~ -~ (J I' 

Pressure along the 
cable <l<g/ct•l2)--

1 • 00 
0 .. 22 
0A22 
0.94 
2.31 
4.28 
6.84 

10.02 
13.86 
iB.42 
23.79 
30.00 

Oilfl..ow 
( dt,;3/hour) 

<53.9 
' 0. 1 

3·1 ... 2 
~59. 4 
f:J5 ·' (, 

111.1· 
'137. 4. 
165.7 
196 '· 8. 
23(-)',.~5 

2b6.,'1 

;, 



) 

) 

.) 

l. 

-.... , 

TRANSIENT TEMPERATURE AND PRESSURE VARIATIONS 
IN OIL FILLED CABLE IN CASE OF SEVERANCE 

HIGH DENSITY OIL 

THERMAL TRANSIENT 

CURRENT 
'1250 

PAHAt1ETERS 

G1= 4.7200000000E-04 
G3= 6.9400000000E-04 
G5= 4.0300000000E-04 
G7• 6.6700000000E-04 

G2::;: 
G4= 
G6= 

0 

VOLTtoGE 
300 

5. 5600000000E·-04 
9.4400000000E-04 

ACU ASCH RHOPB 
4.0300000000E-03 4.0000000000E-03 214 

I~H1 
5(~0 

I~H2 

7?5 
Ri-14 

70 

R= 1.8600000000E-02 EPS= 0 Tt-oND= 0 ,, 
~: · CAPACITANCE= 0 Iii CFWF f.oRAD/1< <•l 

RHDBL 
1000000 

CP 17-1 

-- "--~ .. ' ·- .-, ...•. -

·- ' ",,'_. '. 
-.--- _·_ ----~-~ .. ·-----'1-" _; .. 

' -· .. - ----·-~~___,_ ___ , --'~-
-,·- ··.-· ·-· 

·- -···,-~""'7;--:-~.---~ I 

ALFA TAMB 
2241.87670967476 3 

. ,~;;,, AXIAL DISTANCE = 60000 " EMBEDDING DEPTH- 300 mm· ... , ' 

il 
.:f:~+-:: ... : 

r .,_ • ., 

i.~·· 

) ·'c- : 

He,ot.t iwe(hoULS') 
0" ~~~5 
0.50 
0.75 
1.00 
1 "':~5 
1 . :50 

l'et~pel·ature variations (°C) 
Conduct!)l" Dielectl·ic··:-

6.0 4.6 
B.-4 6 .. 1-· ... ---

10.3 7.4 
11.9 8.6 
13.2 9.5 

She<.lth 
3.8 

. )!';;,,;( .· 1 • '75 
2.00 

14 .. 2 
1 :5. 1 
1 ~~i .. a 
1 6 .. 3 
1 .:-:, .. a 
n .1 
·j 7.4 
1'7. 7 

10.2 
10 .a · 
11.3 

4 .. ~5 . 
5-.2 
5.9 
6.,4 
6.? 
7.3 
7.6 
7.,9 
B. 1 
8.3 

,) 

!) 

) 

2 .. ~~5 
2 .. ~:;o 
2.75 
3.00 

·V.. ·J(· * * *~- ·K· ~(o i~ ·)(· 

Total cable Joule 

PRESSURE TRANSIENT VARIATIONS 

Reinforc.thick. - 0.600 (mwl 
D i I. duct d i iiofol. .. .. :'.~').()() (ioHoll 

1 1 • 8 
1 2. 1 
12.4 
1 2. 6. 
1 2. 9 
1 8. 3 

·1. 000 

8 .. 5 
0.7 

1 :3. 9 

Cable half Length- 50.000 (kwl 

_',.:.:.." ... 

. "_, _ _;__:.,__ ' 



1 
I 

, 
··-.•_,_ 

CP 17-2 

MODULUS OF ELASTICITY OF THE REINFORCEMENT = 1640000000 

HHH#~f************HH~fH*#HH~EHH~EH*****~~~(if~EHiftfHU#if1fH1EHH~f****~~HHH* 

DIELECTRIC OIL VOLUME - 1148 LITRI/KM CACTUAL VALUE 
TOTAL CABLE OIL VOLUME = 1651 LITRI/KM (ACTUAL VAL.UE 
HHHH~iHHHHH*~fHHHHHH*~fHHHH1f~EHtfHH*HH1fHHHHHHHHHififHHH*~fH~~HHHHHHH*H 

STARTING PHASE OF THE HEATING 

HEATING TIME OIL FLOW 
(MINUTES) 

·j ~') 

PRESS. VARIATION 
(I(G/SQ.CM) < DM:3/I··IOUf<·>>H<M) 

1 .. ::.~a 
' .~ .. - -~ - .. 30 

"'? ... 96 
13.83 
17.64 
19.70 
~.:.~o .. L! 0 
20.14 
19 ·' 23 
17 .. 92 
16.41 
14.83 
1 ~-5 ... 26 
11 • T7 
10.38 

? .. ~:>:~ 
~i __ .._: _. .. - ,·, :. 

. ' 

")· 

'.J 

4~5 

60 
7~5 

90 
105 
1 ?() 
ns 
1 :;o 
165 
1B0 
i ~.) ~5 

2·i 0 
.., '')t":" .. ~ ... · ... ) 
240 
'") r.-··­
..: .. :J.) 

270 
285 
300 
:·51 !5 
330 
:345 
360 
:375 
3'~0 

9. L"> 
B.00 
7 '· 00 
6.13 
~5. 36 
4.70 
4 .. 12 
:5.63 
3 .. 21 
2 .. fl~) 
2~55 
2 .. 28 
2.06 

WORSl COOLING PRESSURE TRANSIENT VARIATIONS 

STAF<TJNG AT 15 

CDDI...ING TIME 
<MINUTES) 

(-) 

15 
:3 () 
4 ~'i 
(;,() 

'75 
90 

1 0") 
12() 
·l :y'; 
·j ")() 

!MINUTES) OF HEATING PHASE 

PRES.VARIATIDN TEMP.VARIATIDN 
CKG/SQ.CMl <"C) 

7A97 2~98 
8.01 2.39 
6 .. B7 1.96 
5~06 1~59 
3.07 1.29 
1 . ;:_~4 ·j • 04 

-0.24 0.B4 
- 1 '· 34 0 ·' (,!') 
-2~0"7 0.55 
-2~49 0.45 

3 .. 5B 
4. 34 .. 
4.79 
4.97 
4.94 
4.75 
4.45. 
4. 10 
3.73 
~-j _, 3:5 
2 .. 99 
2 ... 65 
2.34 
2.07 
1 • 82 
1 • 60 
1 • 41 
1 • ;?.4 
1 • 1 0 
0.9"1 - -
0.87 
0.78 
0.70 

OIL. FLDl~ 
( DM3/HCll.JRloi<M) 

1 • 20 
1 .. ~.~~5 
1 • 05 
0.76 
0 .. -4~5 
0. i B 

.... (). 03 
·-0. 1 9 
.... (1 .. 2? 
····() ,, ::~5 
····\·) .. 3'(' 

·• ,:. ~ ·._,', ·. ·. ;: "' 



) 1 b~) 
100 
1 9"' . .> 
21 0 
'1'">•=-.:;. ... : .. .> 
2AO 
'1•:·•t:" "·· .. ) .. ) 
270 
2B~5 
300 
31 c·· . .> 
:~30 
3lf~5 
360 
37~5 

,. TJO 
40~') 

\t.~:~--._.·· 

I t /~;·_/ • 
42(1 
4 ·····-Cl.) 

4~50 

46~) 

"l :Y. . •. ,.,. ,, -"··· 4B0 
49~') 

~--

)_· __ 

'J 

•• 

) 

) 

51 0 
r.:-.-) ·-· ::> ·- .:> 
540 
555 
570 

C()O l i ng t i me 
(minutf".s) 

<1 
15 
30 
45 
60 
7~5 

90 
10~5 
120 
135 
150 
165 
HlO 
1 9~') 
21() 

24(1 

270 
2B:> 
30(1 
31 ~} 
::;::; 0 
34~') 

~) ~~) 0 

-<'. 70 
--~~ ~ (:)(~ 

--2.44 
-<' ·' ~~3 
-2 ·' 01 
·-·1 • 7? 
--1 • 50 
-··1 .. 3B 
·-·1.24 
·-·1 .()3 
--(). !39 
--0. 77 
-·0. 66 
·-0. 57 
-0.49 
--0.42 
-0.36 
-0 .. 31 
-0.2'7 
--0. 23 
... 0. 20 
.... () .18 
-0.15 
·-0. 1 4 
-0 .. 12 
·-·().11 
-·0. 09 
·-·0. 09 

o .. ;·;o 
0.26 
0 .. 22 
0. 1 ') 
0. 1 6 
0. 1 4 
0.1:5 
(). 1 1 
0. 10 
0.09 '). ()') 
O.OB 
0.0B 
0.0'7 
0.07 
0 J)6 
0.06 
0.06 
0 .. 06 
0.0~) 

0. 0~'} 
0.05 
0.05 
0. 0~5 
0.05 
o.o:; 
0.04 
0.04 

<minutes) of tleating pt)ase 

.... (>.:Oil 
····0 .. 3b 
"J). :>4 
.... () .• :> 1 
"-0.213 
: ... 0. ~5 

... 0.1 '? 
·-·0.1 '7 
.... 0.14• 
.... () ,, 1 2 
... 0. 11 
... o. c>9 
-·0. OB 
-0. (-)'7 
·-·0. 06 

CP 17-3 

-0. 05- ,,,~·.'.' .. ,:.,,~-
< ·· .. ' .. · .. :. 
~~-~-" .<_~(.!,·:.:: 

-0 .. 04-·---~P#f~:-'"'~7~~-~ -~·:,~:::----;<~tf.:-.-',_ 
-0.04 
-·0. 03 
--0.03 
... 0. 02 
-0.02· 
--·0. 02 
··0. 02 
o.-(1.01 
--0. 01' 
--·0.()1 

F're.s.va1· iat ion Temp.VM" i.~tion Oil fl.m~ ,., 
(kg/.sq.cml (DC) Cdm3/hour•km)• 

· 1 3. B4 
13 .. 25 
10.B6 
7.54 
4.07 
0.96 

"·1.~51 
-3.29··· 
-4.43 
-·5. 05 
---~:> .. 28 
-·5 A 2~~ 

·--4 .• ?7 
-4.62 
.... 4. ?1 
·-<3. T? 
····~3 .. ~3~) 
-··2 ·' 94 
.... ? . 61 

·--· i -' 91 
... 1 .-. 6~5 
.... I _, -4 ;.~ 
--i ,.22 
.... 1 "o~:> 

~·. :n 
4 .. 3~> 
3 .. ~5~) 
2.1313 

1 • f.i'7 
1 • :> 1 
1 .. 22 
1 • 00 
(-). 81 
0.67 
(). ~)6 
0.47 
() -.4~) 
0. Y'> 
(-). 3() 

0.27 

0 .?·! 
0. '19 
0. 1 B 
0.17 
0. 1 6 
(-). 1 ~) 
0 _, i 4 

2 .. !:>:3 
2.-30 
1 • BO 
1 .. 21 
() .• 6:5 
(> -·- ., ~:) 

.... 0.;!:5 

... 0. 48 
""0. 64 
·-(-). 72 
·-(). '75 
--0.'/4 
-·(). 70 
.. -0 .. 6~5 
_, (·) A ~:> 9 
--0 ... ~:>3 
.... 0.47 
--0 ·' 41 
'"'()A 3b 
--0.:51 
""0.-.26 
--o.n 
.... 0. 20 
... (), I 7 
.... (:) .-. ·j ~~ 

..... - ' .. :_·- - _:fi.. -''-' 



' 

--

' 

i 

i 

) 

} T75 
](jl() 

,·. 40~5 

~- 420 
4:35 
4 ~·; () 

.::':':,'•', 46~') ) ADO 
49~) 

) ~·; 1 () 
r.:· '') 1:-. .) .c .. ) 

~')40 
1:- ·~· ·=-.. ) ··' • .> 

• ····· Starting at 45 

Cool i n9 t i me 
(ffl i nutc:'?s) 

0 

~ 
1 5 
30 
4 ~:) 

' 60 
7~5 

'~t;. s•o 
) 1 0~5 

120 
1 ·-. ~--~j 

) 1 50 ., 65 
1 BO 

' 1 95 J 2i () 
;:·. 2::~5 

) 240 
'')I~·=-•.. }.} 

T?O 

• ~-~B5 
30() 

:31 ~· 
-- ~---- - 330 I 34~5 

360 

I 37~) 

390 
40~') 

) 4?0 
4~:15 

4~50 

' 4 .. s~:> 
400 
49~:) 

~ 
51 0 
1!)'')1:·· 
op .,.:,, ,) 

~;4(:) 

.) 

····O .• 'i'O 0. 1 :.\ .. () . 1 2 
-··0. T? o. n ····0 .. 1 1 
-·· () • f.)7 (). 12 --(). 09 
.... ~ ·' ~'>7 o. 1 •:) •·· ····OJlB 
·-·0.50 0. 1 1 ··- () . ()"( 
··-0.43 .;:) • ·j I -··0. 06 
··-0. 38 0. 10 ····0.(6 
····O.:B (). ·j () -··(). 05 
-~o .. 29 o. 1 0 ····0. 04 
···0.2~5 0.09 -0.03 
--·0 .. 2;.~ 0.09 ·-·0.03 
-··0. 20 0 Ji'i'. ··-0.(~:3 
-0.1 B 0.09 ···(). 02 

(tflinutes) of heat in9 pha.;;e-

F'l-e.;;. var· i at ion T<et>lP. V<ll- i at ion 0 i l "f !.ow·· 
(kg/sq.cm) \"C) (dm3/hour•km) 

17.65 
16.18 
12.67 

(3_,;20 
3.(.,7 

--0 ~ 29 
-3.37 
··<5..::54 
-6.08 
--·7.55 
-7.71 
-·7 .. :>;.~ 
-7.10 
--6 .. ~~)5 
--5 .. 93 
·-·5 .. 30 
--4 ·' 69 
--4. 1 5 
--:L 61 
--3. 1 3 
.... 2"' 66 
--2. ~'.9 
--1 • 97 
--·1. 70 
--1 ..46 
--1 .. 25 
--1 .. 08 
-() ·' 9:3 
·-·(J .• BO 
····(). 70 
····0. (.,() 
····0. ~)3 
····0. 46 
····0. 41 
... (·) ·' :36 
····0.,32 
·-·0 .. 2B 

7 .. 33 
:5 .. 94 
4 .• 84 
3-.92 
:3. 1 6 
"l !;'•]:•· "- ... u 
2.06 
f.(,7 

·~ 1 • 3<'> 
·1 • ·I 2 
0.93 
0,7(3 
0. {,6 
(1., ~;6 
0.49 
0.43 
0 ... 3!3 
0. ~~3 
(:). 3(·) 
0.2.8 
0 '· 2<:., 
0.24 
0 .. 23 
(·),. :~~ 2 
0.20 
0. 1 ') 
0. 19 
0. Hl 
0 .. 17 
(:)__ 16 
()., 16 
0. 15 
0 ·' 1 ~) 
(). 14 
0. 1 4 
\L.l4 
0 .. I ::l 

3.58 
3.06 
2 .. 26 
1 .:w 
0.60 

--·0.04 
-0.52 
·--O.B3 
-1.(·)? 
--1 • 10 
--1 .11 
--·1 .. 0B 
-···1.01 
... 0 • 'l3 
····(). !34 
--·0.74 
-().66 
·--0.5B · 
--0. 50 
--0.44 
--o. 37 
RR0 .. ~52 
-0.27 
~~0 .. ~!4 
····(). ::0 
--0.17 
--o. ·15 
--(L 13 
····(). ·11 
···0 •. , () 
--·0. OB 
--·0.07 
····0. 06 
··-0.06 
···0. ()C) 
····0,.04 
····(). 04 

CP 17-4 
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l. 

.t •. I , -
) 

i _' . ,,, 

.l 
.··· 

) 

' ) 

Co~:> I. i ng t i roH~ 
(mirlut(·:~s) 

0 
1 ~5 
3(·) 

4!:> 
(.,() 

7~:> 
'10 

1 () ~5 
120 
135 
1 cH> 
165 
180 
1 ?~5 
210 

240 
'')I:·· I!"" < ... u 
:?.70 
2B~~; 

:300 
:3 ·t !5 
330 

:3<>0 
:n5 
~>9(·) 

405 
42(·) 
4~~5 
450 
4b5 
480 
49:i 
'51 0 
525 

Cool i 119 t i me 
(minutc.:.s:) 

0 
1 ~:> 
30 
4:i 
60 
7~') 

90 
j 0 ~') 
120 
1 ~5!:> 
1 ~5 () 
1 6!:> 
1DO 

·~,; ' , '. ': .. 

P r· (-:~ s· ... v (·=·~ r· i (':i t i on 
(I< 9/ .s··:t ... c ft'1) 

·19.7() 
1 ··.~· .. ;?)6 
1 ~-~ .. ?!5 
7.64 
2.41 

·<!.OB 

·-·7 .B8 
-·9. 2B 
····9. 90 
-9.94 
-9. ~59 
-·B. 9B 
-0.24 
·-·7 .43 
··~b .. 62 
-~'i. BfJ 
-5.14 
--4.47 
-<LB7 
-3. :5(·) 
.... 2 ... B4 
-2 .. 4~> 
-2.10 
-1 • 81 
··-1.:56 
-1.34 
-1. 16 
-·1 .00 
-O.B7 
-0. 7~5 
-··0. 66 
···0 .. 58 
~-(1.:51 

--0.4~5 
-·(L 40 

T 1-:-:·rnp .. v i:l r i ,:i '1: ion 
(oC) 

~:L 9? 
1. ::'3 
:>, nn 
lj. 7:> 
:L84 
:;. 1 (j 
:~ .. !S 1 
2.04 
1 • (, 7 
1 .. ~3B 
1.14 
0.96 
O.,t-32 
0."?<1 
() • <'> 1 
0.~')4 

0 .. 4B 
0.43 
o. ;w 
(). :36 
(). :34 
0.,32 
(j. 30 
0.2B 
0.27 
() .. 2!:> 
0.24 
0.23 
0 .. 22 
(;> .. ::!2 
0. 21 
0.20 
(:) ... :.:~ () 
(1., 19 
<L 1 n 
<1.1 B 

(minutes) of heating phase 

Pres .. variation Temp.variation 
(kg/s~.cm) <"Cl 

20.41 
17.:31 

(.) .. 3:~ 
0.66 

····4 ·' 13 
~-·7 ... 7~:> 

····10.17 
····1 ·1 ·' !:)3 
····1~!.04 
-·11.94 
... 1 ·J ~ 4 1 
····1(~~6:·:, 

·! 0.21 
B. ~:6 
6 A )'1 
5,.43 
4 .. ;·}? 

~? .-. BD 

·j .· 9 ~:-~ 

1 "!:)9 
1 A 33 
1 ' 1;.: 
0 ~ '),::, 

Ui!. fl.o1o 
( d fol3/h 0 Ill .. ·ll·i< fol) 

::--;~51 

;? ·' 44 
1 "~55 
() .41 

····0.34. 
····(). 07 
····1 • ;_> 1 
-1 • :59 
····1 .46 . 
··-1.45 
-·1 '· :39 
····1 • 29 
·-·1.17 
-1.05 
-0~93 

-··O.El3 
-0.72 
-··0. 63 
····0.~:;4. 
····0 .46 
··-0.40 
··-0 ~ 34 
·-·0.29· 
····~)., 25 
.... o ~ 22 
··-0.1.9 
-··0.16 
.... (). 1 4 
.... 0 .. 1 :~ 
····0~ 1 () 
····(). ()<; 
····0 ., OB 
····(L\H 
··-0~06 

-··0~06 

() i !. f I. ow 
( rlrn:5/hou>··>fi{tn) 

4.19 
3 • <'>'1 
2.40 
Lib 
(). 1 1 

···(-). 6 9 
····1 • 24 
··-1.~\B 

-·· 1 ·' 1~') 
.... ·1 .• no 
-1. '76 

L:P 17-5 
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i 

) ... 

) 1 ?5 
?1 0 

;; 2:~5 
.... 

24(~ 
~cf! 2~:) ~) 

270 
) ::.>B~'> 

300 
31 ~:) 

) 330 
~34 ~:> 
360 

~·.~;:, ... :3'7~'; 

:390 
. } 

)' _·:·~:x 

~ ~~!/ 

),.; .. ::c· 
.... __ ,_, __ ::;. 

l ' 

l 

)· .. ··· 

) 

)' 

) 

) 

;,' 

, .. 

-'lOS 
4~'.0 

4:35 
4~')0 

4b5 
480 
495 
51 0 

Starting at 90 

Coo I. i ng t i rne 
(minutes) 

() 
1 ~j 
:30 
-45 
(:,() 

7!:> 
S'\:l 

1 (·)5 

120 
135 
1 ") () 
16!5 
1B0 
1 'i' ~j .. 
21 (j 
22~5 
24() 
'")J-J•W 
~ .. ).) 

27<1 
28~> 
300 
31 ~::; 

33() 
:~ 4 ~:> 
36(·) 
:·5 "? ~::; 

3?0 
40~:> 

4:~0 

4:Y') 
lj ~:5 () 

;. 

' ~-· -_ 

-·9 .70 0 .. 03 ·1 ··r.n . ,,> ·' 
·-·B . 7::! () ,. 7~'3 ·-1 ·' ~.'4 -· 7 . "?'1 0 . 64 ··1 . 1 1 
···6 . B~i 0 . ~')"? ··0 . 97 
····!5 . 99 0 ... ~:> 1 .... () . U4 
·-·· ~:) ,.2() 0 .47 ·() • 7::; 
-A .. ::;o (·) . 43 ·-0 . <'>3 
·-3,. ('14 (L 41 ··0 . 54 
-..:~ . 31 0 . ~;('I -·0 . 46 
·-2 .. B~i o. ~;l)6 ··0 . 40 
-·· ~:-~ . 4~5 0 . 34 ·-··0 . 34 
····2 . .. , 1 o. ,:,,3 ····0 . 29 
-1 • 81 (L :31 ····(~ . 2~) 
·-1 ,, ~:56 0.:50 ··0 . '")'1 .. · .. ..:. 
-·1 . 35 0 ,, 29 .... 0 . 1 9 
-1 . ·t 7 0 .. 27 ·-0. 1 6 
-·1 . 02 0.27 ·-0. 1 4 
·-~) . B9 0 .. 26 ·-0. 1 2 .. ·.:- ·- '• 

-·0 . 18 0 . 2:.'1 -·0 . 1 1 
·-·0. 68 o.;.!4 ·-·0 ,, 09 
-0 . 60 0 .2:; ·-0 . OB 
-·0. 54 0 . 23 ··0 . (j} 

F'l-es.val-iation T!;!r<lP.v<n-iation Di l floto 
( k<J/.S•:t.Cnl) ("C) (clr<1:5/l·wwr·>H<r>l) 

20.14 
16.4:) .... 
1().!36 
4. 61 

-·1 • 32 
-·6. 26 
-?.?3 

-1 2 .. ~~2 
-13.~)9 

-1:5.97 
-13 .. 71 
-1:5.01 
-12.05 
-10.96 

.... ? • 87· 
-·!3. T5 
-·7. bB 
-·6. 71 
·-~5 .. B2 
-~L <1~> 
.. .., ·' :30 
·-<1.71 
-3. •19 
--~-~ "'7~:> 
····~?"' 36 
·-2 J)4 
····1 ·' ""?6 
.... ·j "' ~:> ::!. 
.... i •' :32 
...... 1 ' ·! ~·; 

··1 0 (·)(;) 

11.2~·; 

9. ·t 0 
7.:59 
5.9B 
4.B3 
;3. 91 
3.1 a 
;2~ "' 6 (-) 
2. '14 
1 • 7B 
j • 49 
i .. 26 
1 .08 
0.?4 
0.!32 
0.73 
0 ... 66 
0.60 
(j .• ~·;s 
(). 51 
G .. 4a 
0.,4S 
0~42 
(i .·. ·40 
0.3B 
(-)"'~57 
G.·. 3~:> 
0. :54 
<L ;32 
(:) .·. :·:) i 
0., ::!}() 

4 ... ?7 
3 .. <:"15 

0 .• B'? 
..... (;). 24 
-1 . 06 
.... 1 ... 62 
..... ·1 . ?5 
·-·2. 0'7 
""2. 11 
""2 .. 04 
""1 . 91 
""1 • 75 
--1 ... >8 
·-·1 .42 
.... 1 .. ::.~~5 

-·1 .()9 
·-(L 95 
.... 0 ... (32 
·-0., 71 
.... (l ·' 61 
····0"' ~}2 
··(). 4~) 

····0 .. 3B 
·0. T5 
-.. o .. ::.~a 

'"""() ·' :?~> 
.... () .... ?1 
···(;). 1 !3 
····0 ·' ·) (., 
.... () ,, ·t lj 

<...t' 1 7-6 

''"' 

.. 



4t)~~ 

4B0 
4(?~5 

--·o. nn 
·-·0 •. n 
---0.69 

0 ... ?(? 
o. ;:>a 
0.20 

··--0' 12 
.... ,).11 
... 0. 1 0 

~-._··· __ .· 
. ~ ~ 'I 

) 

. ' 

·--~ , 

J 

) 

.) 

·) 

Starting at 105 (minutQs) of heating phase 

Coo I. i n(J t i 11le· 

(ff,inut(-:·!S) 

0 
1 5 
:o0 
45 
60 

''0 105 
1 :~o 
135 
150 
165 
1B0 
1'15 
210 
225 
240 , .. 
255 
270 
285 
300 
315 
330 
345 
360 
375 
390 
405 
420 
435 
4'50 
465 
480 

Pres~variation ·r·erop ... va)"iatiol·l {)i L ·fLow 
( k9/$•:t, ... Cfil) ( °C) (dm2)/hCJU)''·)(·k-i!i) 

19 ,, 23 
1 ~L 06 
9. 1 6 
2.69 

-·3. 36 
~~a .. 35 

-1 L99 
---14.29 
-15 .. 44 
-15.68 
-15.26 
-14.40 
-1~L28 

---1 ?.08 
----10' 80 
-~-9~.56 

-B. :>9 

--6.3~5 

--~5. 49 
-4.69 
-4.04 
---3. 4B 
-;5.00 
-~1 , 5B 
··-2" ;.~:3 
-·1 .. 92 
-1 .67 
- j • 45 
----1 • 26 
·-·1.1(·) 
----0.97 
·-·0' !36 

12.0B 
r; ~ ··;;-B 
7.94 
b .. 43 
5.20 
4 .. 22 
3.44 
2 .. 82 
2 ... 3"3 
1 '94 
1 • 63 
1 • :59 
1.2() 
1 • 04 
0.n 
O.B2 
0.74 
0.67 
0 .. 62 
0. ~')7 
0.54 
(). ~; 1 
0.4(3 
0.46 
0.44 
0. 4:2 
0 .4() 
(). :~9 
0.37 
0. ;1(, 
(·). 35 
0 .. 34 
0.3:3 

4 ~ ~~4 

3.46 
i ·' 92 
0"' ~:>2 

.. ~o .. 61 
-1 .. 44 
-·1 • 9B 
·-2 .. 28 
-2.40 
····2 .. :39 

----2. 1 :5 
-1.'14 
.... , . 75 
·-1 .. ~)6 
-·1 • Tl 
--j .~~() 

----1.04 
----0.90 
-O •. 7B 
-0 .. 66 
---0.~'>7 
---(·).4'7 
---(). 42 
----(). :3(:, 
----(). 3 j 
----0. 2'7 
---o.::!3 
--o.::>.o 
---0 •. i B 
----().1~') 

----0.14 
----0. 1 2 

Starting at 120 (minutes) of heating phase 

CooL i ng t i Mf? 
<miYlute5') 

() 
15 
30 
-4 ~:> 
I'JO 
7~::; 

90 
1 o:s 
i :..?0 
1 35 

F'r·<·~$" V<':ll- i rl·t i t)n Tf .. ~IIIP "Vi:ll" i d t i (]ll D i l f l.nlrJ 
(k~~/.~;;·:L.,Ctn) (<~C) (clfl~3/hDU'f"·)(·l<fll) 

17.93 12.76 4.75 
13.42 10.:32 3.17 

7d32 8~38 1d~:~7 
0.75 6.79 0.15 

-5A34 5A51 •·0~99 
-10.30 4.47 -1.!30 
···13d87 3d65 -2d32 
-16.07 3.00 -2.59 
-17"08 2449 -·2"68 

CP 17-7 



) 

) 

~'-'' --.;.. -· ---

) 

). 

) 

1 ';) () 
165 
1UO 
1 9 ~) 
210 

24(~ 

~? 5 ~::; 
;:.'70 
2B::> 
300 
:5·15 
330 
''1. !)_ ·=-·.J ·'r . .> 
360 
37~5 
:590 
40~3 
420 
4~55 

450 .. 
465 

··1 6. 60 
.... 1 ~) ·' ~:>r; 
···14 .. :·'>B 
····13 .• 00 
···11 • (.,() 
.... 1 0" ~:5 

····D. 99 
--·7 .·. U3 
···6 ... '?? 
----~~ _, B7 
·<> .. 03 
···A. :·~l:5 
-·:l. ?3 

--2 ,_ 77 
···2 .• 39 
<'' . 0 7 
-1 • 79 
····1 .. :56 
··-i .. 3b 
···1 • 1 9 
··-1. 05 

1 .. 7'6 
1 .~:>o 
1 • :.?'I 
1. n 
1 • ()() 
0.?0 
0 • B 1 
0~74 

0 ... 69 
O.,t'>4 
0.-.60 
0.~·;7 

0 .. ~;.q 
(). ~)1 
0.4? 
(·) '· 47 
0 .. 45 
0. 4:5 
0.42 
(),. 41 
(). 3'i' 
0.:38 

.... 2 .... ·:>o 
····? .. 32 
····:? .. i 2 
···1.'?0 
···1 • 6B 
····1. 4B 
····1 • ?9 
···1 • 1? 
·-o. 'n 
···0. !3:3 
·····). 71 
····0. (:, 1 
····(). ~)3 
····•3.45 
····0. 39 
···0. 34 
··0.;!9 
-·0. 25 

-·0.1'? 
-··0 .• 1 7 
-·0. 1 5 

) Star·ting at 135 (minutes) of heatin9 phase 

-~--~ 

) 

) 

!) 

) 

) 

) 

) --

) 

Coo I. i ng t i t11e 
( 111 i nwt<~.s) 

0 
15 
30 
45 
60 
"(~) 

90 
1 0~5 
120 
1 :3~) 
150 
165 
1BO 
195 
210 

?40 
2~55 

no 
2B~-> 

:y)O 
3·1 ") 
3:3") 
3,v::; 
:360 
37~:> 
:39() 
40~') 

420 
43~5 
4~::;0 

F'r·(;!.s.vai·iation TetllP.vi.iriati<Jn Oil. fl.ow 
· ( I·:<;J/$•'I..<:tll) ( °C) (tlt1l3/hDur··l(·ktlil 

11.1. 42 
11 • 6? . 
-~). 47 

-1. "14 
-·7 .. 21 

····12.10 
-1 :'L ~57 
·-17.64 
-18.~')2 

···1 B.47 
--17 .. -?~:> 

·-·16.65 
·-1~').21 

•··13. 77 
--1 ;,~ '· 27 
-1 ().Jl3 

~ .. s-\ ·' 49 
--n ~ 2-r 
····!'. 1 "7 
···6. 20 
····5 ... ~51 
··A. ~58 
····3--?5 
.... ;•: .·. 40 

.... 2" ~)4 
----2 ·' 2(-) 
·-1. 'J1 
.... i ,, 66 
•R• 1 '" -4 ~:~ 
----1 "2"? 

1::5.:31 
10."77 

B.75 
7.1 () 
5. "((:, 
4.69 
~-5 .. D4 
3. 1 6 
2. t<5 
:~~ -"' 2 (·) 
1 • B7 
·j ·' 60 
1.:3'? 
1 ·' 22. 
1 • (·)D 
0.97 
0.08 
O.B·l 
(). 7:> 
0.7() 
(·) ·' 6 f.~ 
o.;.,:·5 
0.,59 
0 ... ~:>7 
(-)" ~:)4 
0 _, ~:>.? 
(-)~~50 

0,4!3 
0.,14b 
(:) " ->1 ~:> 
0 .. 43 

4 .. 4:> 
2.02 
1. 20 

··0. 23 
--1 • 35 
"''2 A 14 

·-2. !37 
----2.\93 
·--·2" D~> 
--··2,. 70 
··? .49 

·-·2 .. 02 
··1.7'?· 
·-1.~57 

-·1 .. ~37 
-1.19 
-·1.0? 
-O.DB 
.... o" "l6 
---·G .. 6~5 
~--() ·' ~:>6 
····0 .• 48 
····() .41 
----(·)_,~56 

···0 .. :51 
--··0 .. ;_~7 
----0--:.?3 
-··0 .. ?0 
·-·0.1 n 

CP 17-8 
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I 

)_ 

, 

). 

>"· 

) 

:l 

) 

,) 

C!JD I. i ng t i me 
(fllinut<:-~.s) 

0 
1 '5 
30 
n.:·· 1.) 

60 
'71!-
1 • .> 
90 

105 
120 
1 3~) 
1 ~50 
i65 
1BO 
195 
210 
22~) 

240 
255 
270 
2B5 
3{10 
315 
:3:30 
34~5 

360 
:·r7s 
390 
40~> 
420 
435 

F-'·..-<·~$ .. Vi:l'f' i at i <:)n 
( i<<;J/.!>·1.CI!l) 

•14.0;5 
9 .. 96 
::0.6'7 

"··2. 91 
.... (3 ·' <f ·t 

.... i ;L 72 
""1 7. 07 
····1 9. 02 
... 19. 76 
-·19 .·. 5f:1 
-18.78 
•••• F. ''"} , ... '') 

J I "' . .) ,,:,. 

-.. i6.-.02 
-14 ..4:~ 
.. -12.B4 
·- i 1 • 33 

·-·? .. 9:~ 
-0.64 
-7.4? 
-6.4f:l 
····~:5 .. !:)5 
-4.79 
"'-4,. i 3 
-3 ... 56 
-3.08 
-·2. 66 
-·2. ;q 
-2.01 
.... 1 • 75 
·-·1.~:>3 

T <~~tllP .. v l:'f r· i a "l" ion 
( I} c) 

·1 ~5 ~- '""15 
·1 L i4 

?.()(., 
7 ·' ~~~) 
!:> .. 9B 
4.f<B 
4.00 
3.30 
? "''('~) 
"1 ··z '") 
.-: .. ,, · ... • .-: .. 
1 • 97 
1 • 69 
1 • 47 
1 • 30 
1.1 b 
1 • 05 
0 .. 9!5 
o. na . 
0 .. B·J 
0.76 
o.n 
0 .. <..8 
0 ~ 6!:> 
0.62 
0.~')9 

o. ~57 
0 .. !)5 
() • '5:5 
(). ::> i 
0.4? 

Oil.fl.ow 
•: d tf,:3/ho 1..1. r ·)(· k 111) 

4. 1 () 
:?. ·' 4~5 
(~ ·' B2 

-··0 .. !:)9 
····i "6? 
--? .. 4!5 
·-·2 .. 91 
-3.12 
-3.15 
·<L ~)5 
--2. !37 .. 
·-2 ·' (;:~ 
·-·2. 38 
-··2 .. 12··· . 
·-·1.a8 
--1 • (.,4 
·-·i • 43 
-·1. 24 
-·1 • 07 
--0.93 
'"·0.79 
·-·0. 68 
"•(). ~')9 
-0.51 
-.. 0. 44 
.... 0. 38 
-0.33 
.... o. ~!8 
··-0 .. ;,~5 
-··0 .. 22 

Starting at 165 (minutes) of heating phase 

Cc)ol. i ng t i me 
(minutes) 

75 
'i'O 

1 (:) ~·; 
·I ?0 
1 ~-3 ~::; 
1 ~50 
1 6~::; 
·lBO 
1 95 
? ·j (-) 

F'}-£-?.S .. Vi:lr·iation Tt;~t,lp,..v(·=·tri~·:)tion Di I. "flnw 
(kg/s~.cm) cacl (dm3/hour•l<m) 

13.27 
0.31 
? .. 04 

.... 4.~')2 
·-H-1.44 
.... 1~').15 
-·HL3? 
.... ;:_>(). ?1 
.... 20 ... B3 
···20 .. ~')7 
····19 ... 6~:-~ 
-·· ·i B.,?~:> 
··-16.,(.6 
····14,.?~~ 
··-·j :·5 ,, :·:)3 
····11 ,\ ''?~) 

1 4. 1 2 
·I ·j • 44 

? ·' 31 
7 .. ~57 
6 • '1(:, 
~5 ,, (:)4 

4. ·j 4 
3.43 
~? ·' o··? 
:.:.> .• 41 
;:>,()(, 
·j .• "!U 
·1 ... 56 
1 • 3D 
·j ~ ?:3 
1.. I i 

~'). 73 
::.!. 07 
0. 46 

.... (). ?3 
-?,.00 
.... ;:_>. 7:3 
"-3" ·15 
..... L.o4 
·<3 .. :34 
····3 ... :?;? 
--:-;. () 1 
-.. ? .. "?(, 

·<.'.4'i' 
.... 2 .• ;;•1 
.... j • '?5 
-.. 1.71 

CP 17-9 



) 

): 

) 

) .. 

... . 

) 

') 

;_:>lj() 
'') •:···-· ,,, .. ) _, 
no 
:-.~ B ~:> 
:l () () 
:51 ~'i 

:B<1 
:·!i-4!:> 
~') b (-) 
:n5 
;·590 
405 
420 

Star·t i n9 .at 1 DO 

Coo I. i n~.:J t i tnE• 
( ffl i nu tc::~s) 

(-) 
1 5 
:50 
-4~:> 
(.,0 
7:5 
90 

1 0!:> 
1?0 
1 :.3 :> 
1 ~5 ') 
165 
1BO 
195 
21 () 
'i~')L­
,,.~ ... ) 
240 
2~:)5 

no 
205 
30.C) 
315 
330 
34~5 

:560 

3?0 
405 

Cnn I. i n9 t i ffl<-0 

(fllinu-l:es·) 

... I 0.2f:l 1 ~02 ··1 ... 49 
.... a ... <;~:> 0.?4 .... 1 '')(J "' ,·,. } 

.... 7.77 0.07 .... 1 . 1 ~~ 
··-(). ''?2 0.02 .... (). ?6 
-~) .. 71.) 0. 77 .... o. 02 
-·-4. T7 0.1:5 .... (). 71 
.... 4. 2') 0.7() .... (). 61 
.... 3. 70 0.67 .... (). ~')3 
--· :·~ ·' 2 (·) 0.64 .... 0.4~') 
.... ~.!. 77 0.61 ····0 ... ::5? 
·-·::>' 40 (). ~j<J .... o. 34 
"2.J)9 (). ~';7 -·(). 3() 
-1 .B3 0 ... !:>5 -·(). 26 

Pl·es .. variation l<·>lllP. v,,r i ,,t ion 0 i L f I. ow 
( I<<.J/.s·:t.cc.-,) ("C) (clm3/hou·,-Jti<l!l) 

1 1 • T? 
b. T7 
0. ~52 

-··!:> ... 97 
·-11 .. 00 
-16.40 
-19.53 
-::!1 ... 24 
-21.79 
m•21 • 37 
-20. :52 
.. -1B.86 
.. -17.19 
-1 :>..4~) 
--i~3.,7~3 

-12.10 
--10.59 

--B. 00 
-··6" r;::! 
-~5 .. 93 
---::> .. 1 2 
-4.42 

--;3'"~51 

·-·~'.B7 
.... 2.4') 
.... 2. 1 7 

14.43 
1 1 • '?0 
9. ~53 
7. '76 
6" ~5;;,~ 
:; • 1 B 
4 .. 26 
~5" !:>4 
~:. _, (76 
2 .. ~51 
2 .. 1 !:> 
I.% 
1 • 6~~ 
1 .4~5 
1 • 3() 
1 • 1 B 
1 • 08 
1 • 00 
0..9:5 
(). frl 
(). 8:5 
0.78 
<1. 7S 
0.'71 
0.(,9 
(-) .. bb 
0 .·. 6:3 
0. 61 

3 .. 35 
1 • 71 
0. 12 

"•·1 • 24 
-<!.n 
·-<'.97 
.... 3 .. 37 
"-3 .. !:53 

···-~3 .. 36 
-3.13 
""2. 86 
~~2 .. 5B 
~··2-.?9 

.... 2'"02 
···1.T7 
--1 "~'}4 
... 1 • 34 
.... j • j 5 
.... 0. 99 
-0.85 
.... (). '73 
... 0. 6~~ 
""0. 54 
.... o .. 4'7 
.... 0. 41 
-.. 0.:55 
.... 0 .. 31 

Pr-f::·s· ... va·cii:)tion Te~r~lp .. variertic)n Oil. flDw 
(kg/s~.cml ("Cl Cdm3/hourJtkml 

10.3'1 
~'}" 30 

··-(·) .. B3 
.... 7 ·' 2~:> 

-···i 2 ·' ?? 

i4.6B 
11 ·' ?::.~ 
9.71 
""? .• ?;? 
6 .·. 4/) 

2 .. 9? 
1 .. 3'7 

····(-) .. 1? 
""" 1 .·. ~:>2 

CP 1 7-10 



) .. .. 

) f'i - 1 7.40 5 .. 3(:) ····3. 1 S' 
9(·) --20 .. ~51 4.:30 ··-:3.~')6 

1 () ~') H-•2~:,~ A 1 ~5 3.64 ··3. 70 

:~ . .. 1 20 ····~-~2 .. ~:)6 ;·Lo<> ····3 .. b5 
•,-''• 1 ;) ~') --22 .. 0~5 2 .. 59 -:3.-'IB 

1 ~')() -<'0.91 2 ·' ~.:.~ ~-5 ····3 .. 24 

) 1 (,:; ····1 ? .. 38 1 .94 .... 2" 9~:> 
·i DO -··1 7.64 1 .70 ··- '') ~ ·~-,:,, ·' <.~ .J 

1 9~) -··1 ~5. !34 1 .. ~:>2 ····2" ~36 
) ~-~ i () ····14 .. 07 1 .. ~36 ····~!. OB 

2 ::.~ ~:> ·-·12.40 1 .24 ·-1 .n2 
·'' :.!40 ·-1 0 .• B5 1 . 14 ····1 ... ~; (3 ..... ~' 

::~5: ~5 ····<;' .. 44 1 " () ~) ··-1 • T7 ) 
·- 270 ··-!3.1 9 0.9H -1 19 . ... -. 2B~:> -·7.09 () .·. 92 ·-1 .02 , ;;)()() -··6.09 0.08 ···(). BB 

:31 ~5 -~::; ·' :~!6 () .. 8:3 -0.75 .. 

:no ····'L c>4 0.80 -0.65 ----

• :H~'i -3.93 0.76 ····0.% . ·~ ::!60 ·<L40 0.73 -··0. 49 .·t· 

- .... :~ :· 3"""" -·2" (75 0.70 --0.42 . " I .") 

~ . '~ 390 ·-2 .. !:>7 ().(,8 -··0.37 .. 

~ Starting at 210 <minutes) of t~eatirlg phase 

l. 

) .. · 

:_J,. 

) 

.J 

' ) 

Coo I. i ng t i 111e 
(m i nutE-~S) 

0 
1 ~:i 
30 
4~) 
(,() 
-,~5 

90 
105 
120 
1 ;;')~5 
., ~5 () 
1 6~5 
H10 
1 9~5 
2•1 () 

'') ··-·:" "··-~ .. ) 
27(1 
28~:> 
:30(-) 
:31 ~5 
:3:-50 
3-4~) 

:360 
3'7!5 

Coer I. i n9 t i ffl(·:-:· 

Pres .. varfat{on l'emp .. variation Oil flow 
(kg/sq.cml ("Cl ldm3/hour*kml 

9 .. 1 ~3 
4.13 

--2. ()3 
-·B.:n 

-··14.(~2 

-1B.42 
--21 .·. :m 
--~~;:> .• !39 
·-?3 .. 21 

--21. 4·1 
--19.(31 
--1!3.(~2 

-·16.17 
-·i 4. 36 
-12.<,5 
··-11.06 

-·9. 64 
·-B. :56 
-7" :.:.~4 
·-· f.) " ~.:~ ~.:.~ 

-·!:> .. 37 
···-4. (,4 
····4. 02 
-<L 4fl 
oM•:3 ,0, 03 

14.'i'(·) 
i 2. i(-) 
?.Bn 
fl ·' () (., 
6 .. ~::;9 
~5 ~ 4~~ 

4.47 
3 .. 7:3 
:5. 1 4 
;,! .· . .:~ f3 
;? • :5 (·) 
2.01 
i. Ti 
1 • ~58 
1 • -43 
1 • 30 
1 • ;?(~ 
1 • 11 
1 J)4 
c) .• <J7 
0" ~))3 
O.BB 
O.D4 
0, B1 
(·) .'. 77 
0 ,, ''? ~:} 

2 .. 65• 
1.06 c' -0.47 ' .. ,,. 

-1.76 
-2.74 
--3. 38 
-~~. 73 
··-3. !34 
-·3. 7"7 
<L ~; <;> 
·<5.33 
-3.03 
-•2 A 72 
-.. 2" 42 -- ··---·- ' 
-.. 2 A 1 3 
-1.f:l6 
···1 • 62 
-1 • 4(~ 
-·1.:!.1 
-1.05 
····0. ?0 
-··0.77 
····(). 6 7 
····0' ">B 
····0. :')() 
--()' ..;;3 

0 i I. f I.DW 

CP 17-1 1 
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t .. 

): 
.. - . . 

;) ; .. 
.n~·: , ... 

) 

) 
;, -· ·r 

.::. 
, .·.·· .. 

-.,.------
-· 

I • ;_ ,_ ·;·. 
! 

I 
) 

'\ 

) 
I : -
'):. 
I ···. __ 

.j 

I t 

) 

_- -~ 

( II\ i nutes) ( krJ/S'•l-. CiJi) ( -~c) 

0 8.01 1~) .. 08 
15 :3 .. o::.~ \ 2. ~,:_~f., 
~50 .... :·~-; .. on 10.0~.1 

4""" .. .> '"'?,,34 B .. i [l 
60 ··"\ 4. 111 6. .. , (·) 
7~5 .... i '? .. 2~5 ::; " ~~; i 
~;>o .... 22 "08 4 ,, ~57 

1 0 ;; .... ;_:3" ~5 i :LB2 
·t .?0 --~:.:~3" 75 ~~ _, 2:? 
i ...... ~ ,:) .:> •¥·~23 ·' \ (-) 2" 7:.-> 
1 :50 ·<-~i • (!;3 2.3B 
1 65 ... 20. 1 B 2.0B 
1 B0 ··-18.34 1 .B4 
i (15 --·\f.>. 45 1 .64 
:2 i 0 -i 4 .. b0 1 .48 
22::; -i 2.B6 1 .. 36 
240 "''1 1 "")~ 

... .:... ~1' 1 ')I~ .. ,.___-, 
'11!!' c- ···9. B0 1 1 6 .,;.. _) .. ) . 
no -B.50 1 .0? 

'·· .· ~.:D5 --7.36 1 ()"> . ~ 

300 -·6. 33 0.98 
315 ··<:1 .. 4'7 () .. 93 
3~-H~ -4.73 O.f.l? 
345 -·4. 1 0 (). 85 
360 -3.56 0 .. 82 

Starting at 240 (rBinutes) of heating phase 

CooLing time Pres.variation Temp.variation 
Cwinutesl (kg/s~.cwl ("Cl 

() 
15 
30 
45 
60 
7'5 
S'O 

105 
120 
135 
1 ~50 
i 6:'\ 
1f:l0 
1 ';>5 
210 
2~?~S 

?AO 
2 ~:> ~) 
27(:) 

~.:!D5 

300 
2) ·1 ~) 

;·',3() 
34~) 

7. 01 
2 .. 05 

···3. 99 
.... 10.18 
--1:> .. 70 
·--1~/ .. ?2 
.. --22. 68 
"•.24. 03 
-24 .. 21 
-·23 A ~50 

-<'2.17 
..... ~-~0 .• 4B 
·--·\ t:l.(,0 
-·16.6t:l 
.. -14.,[30 
··h13 .. 0:3 
--·11 .40 

····?.,93 
- f:l. 62 
.... 7.-.47 
····6 .. 4:3 

-.. 4. D 1 
···-4. I 7 

15.24 
12.40 
1 0. 14 
8.30 
6.80 
5.61 
4.65 
:3. S'(~ 
3.30 

2.-.44 
2. 1 4 
i . S'O 
1 • 7(·) 
i . 54 
i Ai 
1 .• 30 
i . 21 
1 • i 4 
·1 .. 07 
1 "'02 
o. n 
0 _, c_;>:3 
() ... D? 

( d 1>\3/hou r· ·>(·\-: w) 

? . :54 
0.7!3 

····0. 72 
.... i ,_ ?B 
--;:>. '?3 

3 1!''1!'' ... . .. u 
····3. DEl 
·-<l.'J(, 
····3. DB 
-<L6B 
·-<3. 4() 
-<L 1 0 
--:~ .. 78 
·-2 .. 47 -·· -

-2 .. 17 .,._ --
- -1 • ?0. -· 

-·1 .65 
.... j .43 
-1 ":~4-
.... i .07 
··-0.92 
.... 0. 7S' 
-··0. 68 
····(J.::i? 
--0.~)1 

0 i I. f I ow 
( d f<\3/h t1 u l" ·)(· l<i>l) ... 

2.07 
0 ... ~)3 

.... o.n 
--2. 1 7 
... 3 .. 10 
·<3. 70 
""4 .. 00 
""4. ()7 
-·3. 1)7 
.... 3. 75 
····3. 47 
··<3 .. 15 
.. ..:;~ .. 8:> 
<~.51 
.... 2" 21 
····1 ·' 9:3 
.... ·\. 6B 
.... 1 ·' ij(, 
-1 "26 
.... 1 " ()lj) 
... o.n 
·--(). fi() 
-.. (-) .·. 69 
""0 '• I'J(~ 

CP 17-12 



) 

) 

l ' 

l 

) 

) 

) 

StartintJ at 

Coo I. i ·w1 t i rne 
( ftl i nu tc:-~.s-) 

0 
1 ~) 
:w 
4~> 
(:,() 
~, ~:> 

90 
1 0:'5 
1 2(~ 
1 ~3 ~:> 
1 ~')0 
1 6~i 
1BO 
1 9~:> 
210 
'1'")C­
~-.r ..• ) 

240 

270 
28!5 
300 
315 
~-5:'50 

C<:Jo I. i ng t i 11\e 
(minutes) 

0 
1 ~') 
3(~ 
,.11:-

1 .. > 
{,() 

7~:> 

90 
1 <Yi 
1 2() 
1 3~:; 
1 ~5 () 
165 
18() 
·j 9~5 

210 
.. ) '')I:"' ..: ... ·- • .> 
240 

270 
::.~8!:> 

:500 
31 ~5 

P·!"~;:..s· .. val- iat ion 
( J< (.:J/S·:t ~ Clli) 

b. 1 3 
i ·' 21 

.... 4. 70 
.. -10.'?3. 
--i 6~:-54 
-.. ::.'o. 49 
·-23.1 '7 
--24. 46 
'"·24 ·'~59 
<~3.f.l3 
<'2. 46 
.. -;~0. n 
.... 1 f:l.82 
--16.87 
""14.,9'7 
-13.18 
·-11.~54 

-10.05 
·-8. 73 
-7.57 
·-6.~i1 
-~;. 64. 
--4.B8. 

Pr·es ... vc:rr i .t:l t i 011 

(k<.J/S·'I,.c:m) 

~5 • :37 . 
0.47 

-··5 .. 48 
·-11.~54 

·-·1 b .. BB 
··20.96 
-23-.59 
-24.83 
-·24. '10 
-·24.10 
.... 22. 70 
.... 2(L'>'4 
···19. 00 
--·17.03 
.... 1~).11 
.... j :·,.~,1 
... 11 .. 6~5 
.... ·j () ,, 1 ~j 

.... B. 02 
·-7. ,,~5 
·-·6 ., ~:>B 
-·· ~:> .. (' (·) 

TE·tl"tP ~val" i !·:lt ion 
< j~ c) 

·j ~:; .. :39 
1? ~ ~::;:·5 
·j 0. ?~') 

D .. 3? 
6 ~ t:l9 

4 h ·-.~·.q 

~:L. ?8 
3. :n 
::? .. El9 
2~51 
2.20 
1 • 96 
1,.7(.) 
·j ... b(~ 

1 .. 46 
•i .. 3~) 
1 .,26 
LiB 
LL~ 
1 • 07 
1 • 02 
0.97 

TeftlP .. varia t i cn1 
("C> 

1 :> ... ~:)1 
12.64 
1 (1 .. :.3~5 

G _, 4S' 
6.'?B 
~:)" 77 
4.01 
4. 0~) 
3 .. -44. 
2.% 
:~,,57 

:.~ ~ 26 
2.01 
1 • G 1 

1 • :'; ·j 
1 ... ~h~ 
·j - 3i 
·j • ::.!:5 
j • ·j 6 
Ll·l 

--- I . 

Oi I. fl.oVJ 
( clrn:3/h out ·I(· k <tl) 

·f "D::.~ 
0.::5::.! 

.... 1 • 1 ::5 

"''~5-' ::.~4 
·-·:3., D::! 
""4. 1 0 
-.. 4. 16 
... -4.05 
.... ~:~" B2 
-3.~')~~ 

--:5; 20 
.... 2. D"? 
.... 2 ·' ~:>5 
-.. 2 .. ~.:.~4 

·-1,.'76 
""1 • 70 
.... 1 • 40 
.... ·! ,2B 
-1.·10 
.... 0.95 
--0. B2 
. ... 0. "? 1 

()j l fi.Cll4 
( clm:-3/hour ·)(·kill) 

1.60 
(). 1:3 

.... 1 • 30 
·-2. 49 
·-<5' :5'7 

.... 4. 1 <; 
-4.24 
""4. 11 
-:.;. G8 
··-:·5 ... ~:>B 
.... :-5" ~.~5 
·<.'. 91 

.... i .. ?B 

.... 1 ·' 72 
"'·1.~')() 

""1 _, 29 
.... 1 ... 'i 2 
.... 0 ... ?6 
.... o ., n:3 

CP 17-13 



) 

) 

' 

,) 

) 

) .·~. 

) 

) 

') 

) 

) 

·,) 

. 1 

··.·, 

Cool i n<3 t i tole 
(tolinut<~.s) 

H 
15 
:,"3() 
4~5 
(,0 
7:5 
~~i (·) 

1 O>Ci 
120 
1 3:; 
no 
i65 
Hi0 
i 9~~:; 

210 
:.!25 
240 
2~:)5 

270 
2D5 
:.30(·) 

Pr·E·.s- ... va1~ i at ion 
( lq~/-~~·1 .. Cf11) 

4.71 
···0 ~ 1 7 
····6 .·. 0() 

···i 2.0~5 
... ·17.34 
'"'~-~1 ., 36 
.... 23,, 94 
.... ::!5 ,, 1 ::; 
... 2~). 16 
... ;,:4. ;·;;3 
-h22 ... 90 
-21 • ·I 1 
··-1?~i6 

--·17 .• 16 
... 1~5 .. 23 
... ·13.41 
-.. 1 1.74 
-10.24 

-·tL'i'O -- -"} --~·., ! -'I..:.,. 

Tef•1P .. var· i i:·.·t· ion 
("C) 

i _'.:.~ .\ ''?4 
10.44 
0. ~57 
"?. 06 
~> ... D~5 
4.,Bn 
4. 1 1 
3 ,. ~)(~ 
;5.(-)2 
2.,(>3 
2 A ~32 

2.07 
1 • B'7 
1 . 70 
1 • ~56 
1 • 45 
i .. ~-~-;e) 

1 • 28 
·j • 2·1 
1 • 1 5 

n; 1. f tow 
( cl fti~fi/h our·)(· k ft1) 

1 • 41 
.... o. o~; 
"" 1 • 44 
"'2. 61 
·<L4'7 
.... 4.()1 
"'4. :u 
... -4.30 
--4.1 '7 
--~j .. 93 
·<L62 
-<3. ~!.8 
-<'.. '!4 
··-2 ... 60 

.. -:_;>. 00 
-1.74 
-1.~')1 

-·1 • 31 
.. -1. 13 
-.. 0. 97 

Starting at 300 (f~inutes) of heating pt1ase 

Cool i rVJ t i tow 
(minut<e.s) 

0 
1 ~) 
:~o 
4~5 

60 
7:.) 
90 

1 0~5 
i :.!.0 
1 3~5 
i ~50 
·165 
1 HO 
1 'l!"i 
210 

240 

:-.!70 
2B~:> 

Cool i ng t i r11e 
(l,)inu-l:t:-:·s) 

0 

Pr·,.:~:s .. vai- i (:, t ion lf·)mp ... v(·:ir· i at ion 0 i I. f I. ow 
( l<g/.s•l.r:rn) ("C) (<:llil:5/hour·lfi<m) 

4. i 2 
·--~)."(1 

-6~~54 
-·12.4'! 
-17.72 
-:21~70 

~-24" 22 
-·~!.5.:57 

-..:24.:51 
""23.06 
... :.>1. ;>5 
-1'/ .. ;>B 
-·1 7 .• ;:>a 

I...... . ... 7. 
·-j .:> _, '~"' 
.. -1 :L ~')0 
--11 Ji? 
.... ; 0 .. 31 

---B ... 96 
.... 7. '?B 

1 ~) .. 72 
i 2.-1:)3 
10.~')3 

D ... b~} 

~) ... 92 
4" ')~) 
4. 1 B 
:5.57 
3. 01:1 
2.69 
? .. 37 
~? J. 1 2 
1 ·' 92 
1 "75 
1 • 61 
'I • 50 
1 .. 40 
1 • 3::~ 
i " ~:-~ ~:) 

1 "24 
-0.19 
"" 1 • ")6 
-.. 2.'?1 
"<~ ·' ~5(, 
""4. 09 
"-4. 34 
.... 4. ;',(., 

.... ;s. 97 
--3.66 
··-3 .. ~~2 
-..;,. ')'7 

.... ::.~" 63 

.... :~ "3 i 
"<'.02 
,,_'I .• 76 
-.. i '"53 
.... 1 ~~52 
·-·1.14 

Pr<·:-:·:s· ,_ v.a·c i t1t i o,-, "i'(-:·:·fllP ., vn·r i <":l t i D'i'"l D i I. f l.ovJ 
(kg/sq.cro> ( 0 (~) (<jrn3/ht)Ur*klo) 

i~').Bi 

CP 17-14 
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), 

) 

.. 

> ' 

., 
, 
'"'· ,_ ~- -. 

, 
•. , -

If : 

• 

) 

. _ _. 

' 

i ~:> ..... , 
·' f "? f ,., ,.;,, .• ~:) '') 

'.h •. ····(-)_, :.:i1 
3(-) .... c·, . 96 ·f 0 .. bi -- 1 ·' 67 
4 ~:> ····1 ,., <- . U6 B . "( ~-~ ~-- ;,~ . 01 
(;,(-) --·1 a . 04 7 . ;_:! 1 --<3. 64 
T5 ---::.> i . 97 ~::; . 99 ··4 . 1 6 
90 ····24 . 46 ~::; .02 --4 . 40 

1 ~) ~) .... 2~:> .. 
"' f:l 

lj . 24 ···-4 .. 41 
1 ?0 ~~ 2 ~~:; . ~::;5 ~~ "6 ::.~ ···4 . 26 
1 3~5 -··24 . 66 ;·~ . ·f :5 --A . 01 
1 ~=; (~ ····2:5 . i 9 2 .. 74 ---:3. (;}9 
1 i. ~-- ·-·21 3"7 ,., 

4:-5 -:3. 34 \,,\,) ·' .. · .. ·' 
1 BO ·--1 (_i.! 3H ,., 1 7 ····2 99 . .. -.. . . 
·f 95 ····1 '"(' . :n 1 . /?7 -2 . 6C'' .) 

21 0 -1 ~;;; ·' -41 1 . BO ·-· :~ . 3:5 
22~:> ---1 :.:i S8 1 66 ·-'1 04 . . ""·· . 240 .... 1 1 _, ()9 1 .. ~)4 -·1 • T1 
2 ~) ~::; -1 0 .. :n 1 . 4•:-.. ) -1 .. ~)4 
270 -9. 02 1 . .. ,. -' 

,Jo ·- 1 ·' 3:5 

Starting at 330 (rnir\utes) of h·eating phase 

Ct~o l i ng -t i r•H~ 
\minute:.>) 

Pi"{=.:.s .. var·i(':l"l"ic)n T~·~r.-.p .. va·ciation Dil. flow 

0 
15 
30 
4~5 

bO 
7~5 
90 

1 O"i 
120 
1 ~~)S 
1 ~)0 
165 
1f:l0 
1 9~5 
210 
22!5 
240 
2~')5 

(kg/sq.cm) ("C) (dm3/hour•km) 

3 .. 22 
-1 .. 55' 
··-7.31 

-13.17 
-··18.31 
····22 .. 20 
-24 .. 65 

-25.69 
-24 '· 79 
--2:3 .. 30. 
-21 ·' 46 
-19 .. 47 
····1 7.44 
····1~i.4B 

·-·f 3_, 64 
-11 .. '?~5 
····i 0. 43 

1~:> .. 90 
1 ~LOO 
10.69 

!LBO 
7 .. 2a 
6. (-)") 
::; .. 08 
4. ;)() 
~:;; ·' () ~j 
3. i 9 
2.79 
2.4<! 
2 .. 2? 
2.01 
·f •. B4 
1 • 7(-) 
1 • ~59 
1 • 49 

(1. '}7 
··-0. 42 
····1.71'> 
~~2" 88 
····3 .. 71 
.... 4 .. ~-~~~ 
···-4.45 
···-4 ..-45 
··--4. 30 . 
--4.(~4 

-·:L "72 
····~5 .. 37 
····:3.(·)1 
.... ~:. .. 67 
··<~ ... ~55 
••<~ A 05 
··-1. 79 
--1 .. !55 

Starting at 345 (t~inu·tes) of heatirlg phase 

Co() L i ng t i uH? 
(fllinutF~s> 

(-) 
1 ~'i 
:>, () 
4~5 
bf.) 

7~') 

90 
1 (-) ~::; 
i 2(·) 

1 3!:> 

Pres .. variation Temp .. variation 
(kg/sq.cm) ("C) 

2A86 15 .. 98 
····1 .a? 13 .• oa 
-7.61 10.76 

-13~43 8 .. 8'7 
-1f:l.53 7.34 
-22 .. 39 6 .. 12 
-24.01 5.14 
-··25~88 4.36 
-·25~f~l1 3~74 

-24 .. 8f~ 3 .. 24 

0 i !. f I. ot~ 
( d lf!3/h () Ul" ·)f 1: l>l) 

o .. a·7 
····0" ~) 1 
····1 • 04 
"'•2 A?~) 
.... ;·r, ·' 7 (, 
''"4 ... 27 
··-4.49 
·-4. 49 
''"4 A :.3~3 

··-4 '07 

CP 17-15 



) 

) 

) 

) 
. :;j. 

) 

) 

I 
. ~ 

i ~. 

') 

1 ~";() 
i () ~::; 

100 
1 ~;) ~) 
210 
'')'')J!'' 
,:,, ~· .. ,.) 

... -2::.~ ~ 3B 

.... :.:.~ 1 ·' ~::; 4 
·-19 .. :>4 
·· .. 17 .. ~:51 
·· 1 ~L ~'>4 
··1::5.6'1 
"'12.00 

:? •. B4 
2 .. ~::;3 
'"i '')''"} 
.-.· .. "'t!.. I 

: .. :.~ .·. oc) 
1 • B? 
i "7~5 
1 • (,;:~ 

.... 3 .. 3? 

.... 3 .. o;?J 
····2 .. 69 
<>..;'l6 
····2 ... 07 
•• 1 .. EIO 

Starting at ::560 (minutes) of heating phase 

Co!) I. i n<;J t i fi'lc) 
<minutes) 

0 
15 
::Jo 
4'5 
60 

9() 
105 
120 
i ~35 
., ~}0 

1 b~::; 
·J BO 
1?5 
210 
''i '') r.­
-~ .. "-·· .) 

1·:· '( E' s· ,, v ~:1 1- i .::·r t i Cr n 
( i<<;J/S•l .• Cfli) 

,., &.-··-
~·- ... h' ,) 

---;;.~ ·' ·j 7 
-"l. 86 

····i 3., b4 
·-HL71 
--22 ·' !5.cl 
-24. '?4 
-25 .. 98 
-2~3 ... 90 
<>.4.'1(:, 
··-2:3 .. 45 
-21 .. b0 
-19.59 
·-17 .. ~:56 
-15.59 
... 1:3.74 

Te1np .. v~:1r· i i:l t ion 
(~Cl 

'16.06 
13.1~) 

i 0. 8:5 
0.93 
7.40 
(:, .17 
:>. 1 9 
4.41 
3. "?9 
:L29 
2. H'1 
2 .. 57 
2.32 
~:-~ " i 1 
1 .n 
1 • 7? 

D i l f I. ow 
( d ffr~-~/h {J u r· ~(·k frl) 

0.78 
-0.~')8 

-1.90 
-3.01 
-3 .. 01 
-4. ;31 
--4. ~')3 

·-4. 36 
'"4. 09 
--3.76 
·<5. 41 
... 3. o:> 
·-2. 70 
-·2. 37 
..;~ .. 08 

Starting at 375 !minutes) of heating phase 

Coo I. i n9 t i ''l!~ 
(m i nutf~.s) 

0 
1 ~) 
:30 
4~') 

60 
T5 
'l~) 

1 (Y') 
120 
n5 
1 ::50 
1 b~~; 
1DO 
·1 9~:> 
210 

Coc1 I. i n9 t i ,,.,,,, 
(tni·nu"l:e.~::) 

l"l"!;,s.val-iation Temp.val·i,;ticm Oi I. fl.ow 
(kg/s~.cm) c•c) (dm3/hour•l<ml 

2.29 16.13 0.70 
-;! o41 
·-(L07 

--1 :;.rn 
'"'18.86 
-~!2. 66 
-<'~i. 04 
<!.6. 0'7 
--2~:> .. 9'7 
~~?~::; '· 0~3 
.... ~? :·~; ~ ~::; 1 
.... ;>1 ,, 65 
.... •1? ... 64 
-'i 7 ... (\(-) 

1 0. (39 
9 .. 00 
7.46 
c~ .. 23 
~)" 25 
4. 4{, 
3.!34 
:o. :54 
2.94 
? ... 6;.~ 
;.:.~ ~ ~:! (., 
2 .. 1 ~:> 
1 ... ?8 

--(). 6~5 
"" 1 • 96 
--3. 06 
·<l.Bb 
-4,.::55 
-4 .. ~:>6 
--4.::;5 
-·4 .. :"38 
-4.11 
~-·3 .·. 7B 
~--3 .·. 4::!. 
····:·}'" 06 
--;.~.71 

<~. :w 

r::rtG!~:= .·. var· i E• t ion T<·:~t•~P ... va·c i ,·:·• t i n·n D i I. f I. ow 
( J.(c.:J/.!~··=~, .. crn) (-~c) (dw3/hou·..-~(·km) 

Li' 17-16 



l 

) 

) 

) 

•. ·---" 

) 

I , 
I 
I .... , 

7~:> 

90 
·j 0 ~') 
120 
1 :.-)5 
1 ~')() 
., f::-5 
1DO 
1 s) ~:> 

Sta·rtin(.:J at 405 

Coo I. i ·n9 t i f<le 
( fri in u "l' t-:!s) 

0 
·j 5 
30 
4'5 
60 
7~:> 
90 

1 (:) ~) 
·J20 
1 :5 ~') 
1 ~5 (~ 
165 
1 a o 

Starting at 420 

i f; .. · Coo I. i lVJ t i f<lf? 

) 

) 

) 

(minut(·:~.s-) 

() 

15 
::~o 
4 ~') 
b0 
7~:) 

9(~ 
1 (1 :-; 
1 20 
1 3~::; 
1 ~~)0 
1 b:> 

ROo2 ·' 62 
····B ~ ::.~ ~;) 

·- ·j :J ' '!IJ 
···· 'i D ~ ?S1 

.... ;_:_~ (:) ·• 1 3 
····26 _, ()2 
--2~5. 07 
··-2 ~~) .. ~) ~:> 
·--~~ ·j '69 
·-19.(,(3 
--17.{.,4 

·13. 20 
·1 0 .. 9~> 

'?. 06 
7 .. ~:)2 
6 ... :_:_~9 

~:) .. 3() 

4., ~52 
3.U9 
~~ .. ~39 
2.99 
? ... 67 
2.41 
'O .. -_ ~ 1 9 

<minutes) of heating p~~ase 

P1·es. va1· i ,) t i em 
( kg/.o·l· r.:w l 

1 .. 87 
--2. 79 
-8.40 

--14.10 
--19.09 
·<!:'. U4 
-25.1 9 
--26.19 
-26.07 
·--2~:; •'· 11 
-2:L ~5B 
-21 • 72 
-19.71 

TE•(r~p. \ta·r i (·:lt i Dll 
( oc) 

16.26 
1:5.34 
11.01 

9 ,, 11 
"?.~57 

6. :q 
~) ,_ 3S 
4 .. !:>7 
:3.94 
:3 .• 44 
:; .. o:s 
:?.71 
~~" 4:> 

(minutes) o·f heating phase 

F'res .. variation Ter~pAvari~tion 
(kg/sq .. cm) (°C) 

1 ... 71 16 .. :52 
-2.94 13.40 
-B .. 53 · 11 • 07 

-14.21 9.17 
-19.17 7.63 
-22 .. 91 6~39 

-25.23 5.40 
-26.22 4.61 
-26 .. 10 3 .. 98 
-25.14 3.48 
-23.61 3.08 

'") ""?1:" 
..... '· f •• } 

--0 .. 71 
·<!. 01 
.... 3 ~ 1 (1 
----~3 .. nr:J 
·-4. 3B 
''"4 ,, ~:>9 
·-4. ~:)7 
··4.40 
·-4. 1 3 
-<>.no 
--3. 44 
·-3. 07 
-2.72 

Di l fl01~ 
( d in3/h o u l- ·>t: k rrl) 

0 .. 58 
--0. 7 6 
-<?. .. 0~5 
·<:1.14 
-:~"' 9i 
·-4. 40 
---4.61 
""4. 6() 
--4 .. 4·2 
.... 4.1 ~~ 
-:5.81 
'"'3. 45 
-:3.09 

Di l fLDw 
( clrn3/houl"'l(·kr,l l 

0 .. ~:>3 
-0.00 
-2.09 
--3.1"1 
·<L 9~') 
--4. 4:3 
...... ~.>:5 
""4 ·' 61 
""4. 44 
""4 ,, 16 
.... ;3-- n:3 
""3. 46 

) Starting at 435 <minutes) of hea·ting phase 

) 
Coo I. i ·n 1J t i f1ie 

( fli i nut (-:-~.s-) 
Pr(·?!.~:: ... v(':iT i at ion T<ewp .. var· i ~·:·, t ion D i f. f l.oiJ,, 

( k S! / S"•l.·. C (II) ((~C) ( d ffl~-;~/h 0 U i- ·)~ k (!)) 

CP 1 7-1 7 
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) 

) 

) 

) 

• 
~ 

-- ' 

' • ' 

• • ' 
) 

) 

-
1 ~) <5 . (·) ";' I 3 -4(:, .... (·) .. D4 
30 ····0-64 1 1 .• 1 3 ····:? ... 1 2 4•:R . ··1 4 ;:_><) ? '')'') .... '";/ ;:_>() . .> . - ,,· .. .-: .. . :) -60 ... i ? .• 24 7 -6B ····3 -90 
7~) ····22 -9b 6 -44 --4 .. i"+ ~) 
?0 ···2~::; . ;:>7 I;~· ··' • 4 ~') ···-4. {) ~:~ 

i 05 .. -2(· ~ ?~S 4 -66 ····.(l '· ,(:)3 
1 :::.~o ····~.:~,s ... 1 .. , "- 4 . 03 ·-4 --4!:; 
i '':1'1:- .... :~ ~:) 1 (, :·1 53 ···-4 i B ,;),) - . -·I ~50 ... ::.! :3 63 "?. i ,, ·--~~ D4 - ,, - "- . 

Starting at 450 (minutes) of heating phase 

Coo I. i ng t i rri(~ 
(t,linutes) 

0 
1 '5 
:3(-) 

-45 
l>0 
75 
90 

105 
120 
1 :.35 

Starting at 465 

C(::t.-o I. i ng time 
< t•i i ·(, u t es) 

(-) 
1 5 
30 
4~5 

60 
75 
90 

. 105 
120 

Cnn ling t i 111e 
< fl) i n1..1. 'l:(::!s) 

() 
15 
30 
A~5 

60 
·-) 1:'• 
'.J 
(?0 

1 () 1::; 

Pl-(·?.s: ... v,:n- i ~.:1 t i t)n T<.;.•t•iP .. va~- i at ion 0 i L. "f loti.J 
(kg/s~.cml I"CI Cdm3/hour•kml 

1 - 44 
·-<L 1 n 
····B ... -.,.,~-5 

···14.:56 
"''iS' .• ~-~9 
··-22 ... (_i)9 
·-·2~)" ~"30 
·--:y,,;n 
·-<?.<>. 14 
·-25'" 1 7 

16.44 
i 3.~')1 
1 L 1 B 

9 .. 27 
7. 7;3 
6.49 
5 .. ~S0 
-4.71 
4.07 
:?> .. ~:>7 

(mint!tes) of t~eating phase 

F'Tes-.var· i a"t' ion 
I l<g/s·'I..C:i.-,) 

1 -34 
"··3. 27 
···0. 81 

-·14. 42 
-··1<J.~n 

---~'3. o::~ 
.. ~2~:> ,, :32 
-··26 .. 28 
"<'6.14 

T(·::OfilP "v~·=li" i .r:l 'l' ion 
I"C) 

16>.4S' 
1 3 .. ~57 
11.:~:5 

9.32 
7.78 
6. s:·3 
~5 ~54 

4. 7~) 
4.1 2 

0 .. -4~) 
····() .. Bf' 
····~-~ ... 1~) 
-3 .. 22 
··-4- (-)0 
--4. 47 
···4 .. 6"1 
··-4 ... 64 
··-4.47 
··-4. 1 9 

0 i [ f I. DW 
( clu,:3/h l1Ul" ·X·k iii) 

0.41 
····0. 90 
-2 ~ 17 
·<L24 
··-4.()::>. 
---4 •. '~B 
"·-'+. (:,f:) 
·-4. 66 
""4. 4fJ 

Pr·c:?s .. vari(:,'l"i(Jn 1'<-::-t,lP ... Vt':ll"iation DiL 'flow 
( k~:J/s·:t "em) ((~c) ( dr,l3/hou\--)(·krf, > 

1 '') 1:"' . , ___ ) 

-·B .. D"? 
·-·14. 4"7 
·-·1 'i'- :16 
~"~-~3" 04 
.. _ ~2 ~::; ... :·5 :·5 
""26 .. ~}9 

I. L 1::•1::· 
I \.~ ·' ,J .. ) 

·j :·5 ~ 6::; 
ii .. ~;_>B 

9.,~-~~7 

7 ... n::. 

4 ,, '{'jl 

o.:><J 
.... (-)" '12 
'"·2" 19 

-.. 4 .-. (·):~-; 

···4 .• 50 
'"·4 ,, 6{? 
···-'1. (:,""( 

'-" I 1- I tJ 

. ~--



i ) 

Startirlg at 495 (rointJtes) of heating ~)l1ase 

Con I. i Yl'J t i foH~ 
(fllinut(-:-:•s) 

() 
1 '') 
3(·) 
4~5 
b() 
7.':> 
90 

F:• r· (·:~ E" ·' \1 a)"" i t:~ t i 0 l'l 
( ko:J/.!>•'I..C:fo)) 

Li7 
--~'5 .. -4? 
.... B.,?2 

··14 .. !'>1 
-··19 .• :5? 
--~23 ... 12>C) 
--25 ·' ~j~":) 

l(·:-~tnp ... variation 
("Cl 

i (,_,/,() 
1:3.67 
11.::;:5 

5' ·' 41 
• 7. 8"7 

6 ., 6:~~ 
~> ... 6~"3 

Starti~·~g at 510 (minutes) of heatirtg pl1ase 

Cnc, I. i ng t i rne 
(rninute.s:) 

0 
1 ~') 
30 
45 
60 
T5 

Stading at 525 

Cr:m l i ng t i roH~ 
(rninuh~s) 

0 
15 
30 
4'::;: 
60 

Pres ... variation Terop~variation 
(kg/s,.crn) C"Cl 

1. Hl 
-:L48 
·-8. '77 

-14.~'4 
····19.41 
··?3 .. 06 

1 b"' 6~5 
13. "71 
1 1 • T? 
9.46 
7.?1 
6.b7 

(mirlutes) of heatirlg phase 

Pres ... varia·tion Temp ... variation 
(kg/sq.crnl C"Cl 

1.0:5 16.70 
-3.53 13.76 
-·'7.01 11.42 

--14 .. ~i7 
-··1? .. 42 

? • ~)0 
7. 9~') 

Starting at 540 (minutes) of heating phase 

Coo I i ng t i ro\B 
.cc:~i.:;.•:.:_ .. . ( m in u t es) 

Pr~-::~.s .. v~r· i at ion 
( l<g/s<L.r:rn) 

Tt::~t~lp .. v{:~ri-c":)ti<:tn 
c~c, 

i.. 

, 

0 
15 
30 
4~5 

S'l'co\"t i n<J at I::" I"""];'" ... ~ _') .:> 

CoQ L i n9 t i fl)f:.~ 
(minut(-::·.s·) 

:30 

0. '78 
.... 3" ~:>8 
-9.04 

-·14.59 

16.74 
1 :L a1 
1 1 • 46 
9. ~)5 

(f~irlutes> of heating phase 

F'·r <-:.·s ... v i:r·f" i E• t ion 
( k<J/S·'I,.Cfl\) 

0 " ? ~-~-; 

-:3 .d~~:~ 
.. '} • 0"1 

T (-:-~f,~P .• v ~=~ )~ i .r:l·t ion 
.. ( "c) 

16. "?') 
1 3. B~> 
11.~:>1 

D i I. f 1. <:n'J 
( cl fo)::llh [) u r· 'of"'") 

0.36 
-·0. '14 
.... ~-~ .. ~-~1 
··~3 .. 2B 
.... 4. 05 
···A. 51 
···-4.70 

Di I. fl.m~ 
( cl fo\:3 /l·w u ·,- * k fo)) 

0. :34 
-0.'?6 
····2"' 2~"5 
-.. 3 .. ;~9 
···-4.06 
-4 .. 52" 

D i I. f I. ovJ 
< d ro\3/h !:l u r ·)(· k fo)) 

0. ::>2 
.. -0. ?a 

·-:3. 30 
···4. 07 

() i [ f [ ()W 

(r:lro\3/hr:nirJC·km) · 

0. ;q 
·-0. ?? 
-2 .. 26 
-:5"' :·52 .. 

(]i I. fl.m~ 
( drfr:3./h our ·)i: k ffl) 

(-). ~'? 
····1 • 01 
-··~>.. n 
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