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The bearing loads were measured and analyzed for the gas-
bearing type circulator of the Helium loop HENDEL. From results of 
the study, it was found that the static load acting to bearing 
pads in the journal bearing does not remain constant as expected 
and is not isogonal due to the external forces from momentum 
changes and pressure gradient of the working gas and from electro­
magnetic force in the driving motor. 

As to the dynamic load in the bearing, it was found to depend 
on the static load and was also found that the absolute value of 
its vector is not constant in a rotation of the shaft. 

It was predicted and reasoned that the divergent shaft 
vibration is caused by the vibrational dynamic load in absolute 
value and relatively low stiffness of the spring-pivot. To improve 
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weak points of the gas-bearing circulator, some new design 
criteria are offered and the substantial methods are also 
indicated to realize those criteria. 

Keywords: Gas Circulator, Gas Bearing, Tilting Pad, Pivot, 
Vibration, Whirling, Dynamic Load, Static Load, 
Instability, Gas Cooled Reactor, Helium Loop 
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力スベアリング循環機のベアリング特性lι関する測定および解析

日本原子力研究所東海研究所高温[学部

下村寛昭・井沢直樹・川路 詰

飯塚隆行・藤崎勝夫

( 1986年 3月 31日受理)

ヘリウムループ“ HENDEL"に使用中のガスベアリング型循環機のベアリング荷重に

関する測定および解析を行った。これらの試験結果からジャーナルベアリングのパッドlζ

作用する静荷重は予想されていたような一定値に留まらないうえ，作動気体の運動量およ

び圧力勾配と駆動用電動機における電磁力による外力に起因して，非等方的である乙とが

明らカ刈乙なった。

ベアリングに作用する動荷重についてはその値が静荷重1<::依存し，そのベクトルの絶対

値は一回転中l己変動する乙とも半IJった。

循環機シャフトの発散的振動は上記の動荷重の振動とスプリングピヴォットの比較的低

い剛性IC起因することが実験結果および解析結果ーから推論され，予知された。

ガスベアリンク式循環機に関する乙れらの弱点を解決するため.二三の設計概念と乙れ

らを具体化する方法についても言及した。

東海研究所 〒31f-11 茨城県都珂郡東海村白方字白根2の4

( IH) 
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1. OUTLINE 
The static and dynamic loads were measured and analyzed for 

gas bearing circulator(Bi) which made by Alsthom Atlantique Co., 
FRANCE, regarding to rotating speed, gas pressure, differential 
pressure, driving current, etc. 

The results showed that the static and dynamic load are not 
the value decided only from revolution speed as expected,' but are 
governed by another parameters too. It was also found that static 
and dynamic load correlates each other, that is, when static load 
is large on the radial bearing pad, dynamic load also increases to 
very high value on the pad. 

It has been presumed that the static load of radial bearing 
rises up monotonically until revolution speed increases to a 
certain value, thereafter, it keeps nearly constant value by the 
action of spring pivots. The result showed, however, to be not 
always so and three cases are found. 
Those are: 
(a) The static load rises up to much higher value than the pre­
loaded value of the spring pivot. 

(b) The static load decreases from a certain value with increasing 
of circulator speed. 

(c) As presumed formerly, the static load rises up until 
revolution speed reaches to a certain value, thereafter it keeps 
nearly constant value regardless of increasing speed. 

The constant value of static load mentioned above has been 

• -1 -
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presumed as same as pre-loaded value of the spring pivot. And this 
constant static load had been expected to be changable by 
adjusting pre-loading of the spring pivots. 

Neverthless of above presumption, the result showed clearly 
that static and dynamic loads are affected by not only revolution 
speed but also gas pressure, differential pressure and other 
factors. It was also found the load acting to an each pad is not 
same for three pads in both upper or lower radial bearing, that 
is, static load is not isogonal(isometric) in both upper and lower 
radial bearings. 

The case (c) described above seems to be limited only in the 
case when the circulator is operated in very low power such case 
as the test without impeller or the case as in free air with 
impeller. 

Thus it seems that the design and balancing techniques should 
be discussed more for this type circulators. 

To investigate the governing factors of bearing loads, the 
series of tests were carried out in air and Helium gas with the 
condition for revolution speed of 3000 to 8000 rpm, gas pressure 
of 10 to 30 bar, differential pressure of 0.0225 to 1.43 bar and 
temperature of 20 to 300 deg respectively. 

The measured values of static and dynamic load are correlated 
with selected variables using multi-variables least-square method. 
The correlating variables are selectable any kinds and numbers 
from revolution speed, gas pressure, differential pressure, 
driving current and another six measured parameters. 

From the result of analysis, it was found that when 
revolution speed and gas pressure are selected as the variables, 

2 
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revolution speed and gas pressure are selected as the variables， 
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the calculated values of static and dynamic loads are scattered 
relatively much against the measured values of them for both upper 
and lower bearings as shown in Figs 13 to 16. If four parameters; 
revolution speed, gas pressure, differential pressure and driving 
current are dealt as the variables in the correlation, they are r.o 
correlative as to static and dynamic loads for both upper and 
lower bearings as shown in Figs 17 to 20. 

2. MEASUREMENT 

The bearing loads were measured substituting a instrumented 
pivot for the fixed type pivot in both upper and lower journal 
bearings. Signals from the pivots were led to direct-current and 
alternating-current amplifiers to measure static load and dynamic 
load respectively. The amplified signals were connected to 
Honneywell model-101 18-channels magnetic data-recorder and to 
NEC-Sanei type 7V14 scanning digitizer. 

The circulator speed was measured by Hewlett Packard 5316A 
counter counting pulses from the speed sensor, and was converted 
into analogue signal using Yokogawa-Hokushin model 3161 freguncy 
to voltage converter. 

All of the digital signals were led to Hewlett Packard 9836t; 
computer for calculation, drawing and storing. The analogue 
signals of loads and revolution speed are connectable to Yokogawa-
Hokushin type 3023 X-Y recorders and Hewlett Packard 5423A dynamic 
signal analyzer. 

The dynamic signal analyzer transforms the vibrational sinals 
of loads and shaft displacement into frequency-domain and time-
domain data in digital manner. The frequency-domain and. time-

-3 

I:¥EIII' ¥1 H(i-l!(ili 

the calculated values of static and dynamic loads are scattered 

relatively much against the measured values of them for both upper 

and lower bearings as shown in Figs 13 to 16. If four parametersi 

revolution speed， gas pressure， differential pressure and driving 

current are dealt as the variables in the correlation， they are ，，0 

correlative as to static and dynamic loads for both upper and 

lower bearings as shown in Figs 17 to 20. 

2. MEA3UREMENT 

The bearing loads were measured substituting a instrumented 

pivot for the fixed type pivot in both upper and lower journal 

bearings. Signalsfrom the pivots were led to direct-current and 

alternating-current amplifiers to measure static load and dynamic 

load respectively. The amplified signals were connected to 

日onneywellmodel-101 18-channels magnetic data-recorder and to 

NEC-Sanei type 7V14 scanning digitizer. 

The circulator speed was measured by Hewlett Packard 5316A 

counter counting pulses from the speed sensor， and was converted 

into analogue signal using Yokogawa-Hokushin model 3161 frequncy 

to voltage converter. 

All of the digital signals were led to Hewlett Packard 9836~ 

computer for calculation， drawing and storing. The analogue 

signals of loads and revolution speed are connectable to Yokogawa-

Hokushin type 3023 X-Y recorders and Hewlett Packard 5423A dynamic 

signal analyzer. 

The dynamic signal analyzer transforms the vibrational sinals 

of loads and shaft displacement into frequency-domain and time-

domain data in digital manner. The frequency-domain an~time-

3 



JAERI-M H(i-0fi6 

domain data from the analyzer were also led to the computer to 
draw frequency spectram maps and Lissajous' figures of the 
vibrational signals. 

The computer connected with the all digital measuring devices 
through IEEE standard General Purpose Interface Bus in the 
testing. The vibrational signals were also connected to two 
Techtronics model 464 storage oscilloscopes to monitor and prevent 
the abnormal vibrations. 

The following parameters were also measured analyzing how the 
loads were affected from them. 
(1) revolution speed 
(2) driving current of the motor 
(3) pressure of workig gas 
(4) differential pressure across the circulator 
(5) gas temperature in inlet nozzle 
(6) gas temperature in outlet nozzle 
(7) flow rate of gas 
(8) temperature of the motor-stator's winding 
(9) temperature of a pad in the upper journal bearing 
(10) temperature of a pad in the lower journal bearing 

All signals described above are also stored and connected as 
same manner as load signals, thus it is able to process any data 
in any manner manually or automatically. 

The test was conducted for the regenarative type gas 
1 ) circulator(Bi ) in connection with the Helium test-loop "HENDEL" 

using measuring set up described above under the conditions as 
follows: 
(a) Speed Range ; 3000 to 8300rpm, roughly, same to below 
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(b) Inlet Gas Temperature; room temperature, 200, 300deg 
(c) Gas Pressure ; 10, 20, 30, 40kg/cm2G 
(d) Differential Pressure; 0.2, 0.4, 0.6, 0.4, 1.2, 1.4kg/cm2 

( values at nearly 8000 rpm, equivalent to flow control valve 
openings as same pressure drop as above ) 

Another parameters mentioned above in (1) to (10) vary 
naturally from changing above conditions (a) to (d). 

The test was also carried out in air as same manner as in 
Helium loop without blower casing for both case with impeller and 
without impeller. In the test in air and Helium, the vibrational 
movement of shaft was detected using additional two distance-
sensors positioned on upper side of the upper bearing in 90deg 
direction. The absolute value and frequency component of shaft 
vibration were measured from the signals of these sensors. The 
trace of shaft movement was drawn with Lissajous' method from 
these signals as shown in Fig.24. 

Prior to all tests, the clearance between journal and bearing 
pads and centering of the shaft were measured and adjusted again 
and again using dial-guages with extreme carefulness. 

The measured static and dynamic load were plotted with 
revolution speed in analogue and digital manner, however, the 
absolute value of the static load may not be accurate because it 
is very difficult to know how much load acts to the sensor-pivot 
when circulator is stopped and also difficult to prevent drifting 
of signals from the direct-current amplifiers completely. In other 
words, the dynamic load and relative value of the static load are 
acuurate enough and reliable because the sensor-pivots themselves 
are calibrated very accurately. 
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The conditions of spring-pivots were adjusted and confirmed 
as follows: 
(a) Pre-Loading ; 39 kgf (upper bearing) 

; 40 kgf (lower bearing) 
(b) Spring Constant ; 46.3 kgf/mm (upper bearing) 

; 54.4 kgf/mm (lower bearing) 
(c) Movable Range ; 0.34 mm (upper bearing) 

; 0.35 mm (lower bearing) 
(d) Diametral Clearance; 0.02 mm (upper bearing) 

; 0.02 mm (lower bearing) 
Among the all tests, the acceleration detectors were 

additionally attached to outside of the outer casing at the level 
of upper and lower bearings. And the signals from the detectors 
were also recorded in the magnetic tape and were connectable to 
the dynamic signal analyzer and the oscilloscope. 
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3. ANALYTICAL METHOD 
If the measurable function Y is governed by m variables Xi , 

X, , ... and X , we can express the relations of measured functions z m 
and variables as following manner for n measurements. 

Yj = f j ( X x , X 2 , ... , X ) 
f 2( Xj, X 2 , ... ,X m ) 

Y n = f n( Xir X2l . . . ,X m ) 

(3.1 ) 

where, m ; number of variables 
n ; number of measurements 

We have errors in measured values generally, then the 
equations of measurement to yield are ; 

f 1 ( X 0 1 ' X 0 2 ' 

2 ' 0 1 ' X 0 2 ' 

, x 0 m ) = V l 

' X 0 m > = V 2 

Y n - f n( X 0 j , X„ 2, ... f X 0 m ) 

(3.2) 

where, X 0 1 , X 0 2 , ... ,X 0 ; most reliable value of variables 
V i / V , , 

Solving X 0 1 , X 0 2 

,2) 

r ; residual errors 
n ' and X„ with multi-variables least square um 

method from equations (3.2), we have; 

as ii 
II 

0 

0 
3 xoi 
i)S 

ii 
II 

0 

0 3 X0 2 

ii 
II 

0 

0 

3S = 0 3 Xo m 

= 0 

(3.3) 
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長
A
山
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where, S = £ v* 
i = 1 1 

Supposing linear systems for eq.(3.2), we obtain; 
Yi _ ( Ai1Xoi + Aj 2X 0 ; • + A>m X°m > = V l 

Y 2 - ( A 2 1 X 0 1 + A 2 2 X 0 2 + ... + A 2 m X o m ) = v 2 

( A n l X 0 1 + A n 2 X 0 2 + ... + A n m X „ m ) 

(3.4) 

rA ; matrix of coefficiets nm where, Aj j, 
From equations (3.3) and (3.4), the linear simultaneous 

equation to solve the most reliable values are given as follows: 

SiiXoi+ Si 2X 0 2+ +Si Xo = Ri m m l 

S2iXoi+ S 2 2 X Q 2 + ... +S2_Xo 

S iXo i+ S 2X02"*" ... +S Xo = R m m mm m m 

(3.5) 

where, S jk £ (A^A. ,) 
i = 1 ji ki' 

R k = £ (A k iY i) j, k = 1, 2, ,m 

In the case n in eq.(3.1), (3.2) and m in (3.1) to (3.5) are 
expressed m >> n, the most reliable variables are soluble. That 
means if the function Y is the measured value of static or dynamic 
load in upper or lower bearing, and matrix of coefficients in 
eq.(3.4) are measured variables( or parameters ), formulation of 
the load is possible most reliably for any number of the 
parameters. 

If number of the variables or kinds of them are satisfiable 
in the analysis, the calculated values from the formula will be 

- 8 -
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In the case n in eq. (3.1 )， (3.2) and m in (3.1) to (3.5) are 

expressed m >> n， the most reliable variables are soluble. That 

means if the function Y is the measured value of static or dynamic 

load in upper or lower bearing， and matrix of coefficients in 

eq.(3.4) are measured variables( or parameters )， formulation of 

the load is possible most reliably for any number of the 

parameters. 

If number of the variables or kinds of them are satisfiable 

in the analysis， the calculated values from the formula will be 
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we.1.1 correlated with measured values of the load for any 
experimental conditions. 

In the practical analysis for the circulator, 260 
experimental points are calculated directly from data file of the 
computer disk, that means n equal to 260 in eq.(3.4). 

The case of non-linear system are also analyzed for the 
experimental data using similar method to the linear case, 
however, it was found the results of it has no meaningful 
differences. 

4. RESULTS OF TEST AND ANALYSIS 
4.1 TEST RESULTS 

The measured values of load and test conditions are 
summarized in Table 4.1 for analogue plotting of dynamic and 
static loads with the figures' number. The results in air test 
shown in Fig.1a and 2a correspond to the data just after and 
nearly six hours after begining of the test respectively. A slight 
difference is found between them, it may be caused by the bearing 
clearance change at stopped condition from the temperature change. 

Through the Figs.3a to 7a for room temperature Helium, the 
increase of pressure apparently causes a great much changes of the 
static load with revolution speed. On the other hand, temperature 
and differential pressure of the gas give a less influence on the 
loads as shown in Figs.8a to 11a. 

The absolute value of the static load is not satisfiable 
through Figs.1a to 11a as described previously, however, the 
relative changes of static load are measurable in satisfiable 
accuracy. Therefore absolute value of the loads themselves are 
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measurable in a certain accuracy and are presumable from the pre­
loading values of the spring-pivots. Because the static load 
steeply rise up to the value as same as pre-loading value with the 
revolution speed and thenafter it keeps, or increases, or 
decreases its value. Consequently the absolute value of static 
loads are decidable from the pre-loading values. 

As shown in Table 4.1, the maximum variation of the static 
load through the test occures in the condition for Fig.7a that is 
room temperature and 40kg/cm2 of Helium. It indicates that if the 
revolution speed changes from 3500 to 7500rpm in this condition, 
the static load increases from 51 to 122kgf in upper bearing and 
decreases from 36 to 19kgf in lower bearing. In other words, the 
load variations in the condition are +71kgf and -17kgf in upper 
and lower bearing respectively. 

The fact mentioned above means that at the revolution speed 
of 7500rpm, the static load in upper bearing is 71kgf at least and 
probably equal to the sum of pre-loading value(39kgf) in upper 
bearing and 71kgf (=110kgf), and in lower bearing, it is probably 
and nearly equal to the difference of pre-loading value(40kgf) in 
it and 17kgf (=23kgf). 

The dynamic load, of course, is a value produced from the 
complex vibration phenomena in the rotor-bearing system. Thus the 
dynamic load is affected by the condition of balancing, stiffness 
of the rotor, pivot-spring and gas film in the bearings etc.. The 
dynamic loads were directly plotted with the revolution speed in 
Figs.1b to 11b corresponding to the conditions of Figs.1a to 11a. 

For the upper bearing, a small peak, the first order critical 
speed appears around 6900 rpm. According to the increase of gas 
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pressure or bearing stiffness, it disappears under a skirt of the 
second order vibration and the dynamic load itself rises up. The 
absolute value of dynamic load \n lower bearing is comparatively 
small, however, it also increases with pressure of the gas from 
the same reason for upper bearing. 

The dynamic load in both upper and lower bearings are plotted 
in Fig.12 with the static load for the conditions of Figs.3 to 11. 
It shows obviously that the dynamic loads grow up with the 
increase of bearing stiffness which is simply caused by gas 
pressure and also by increasing of static load with gas pressure. 
Consequently, the more gas density causes the more dynamic load 
directly and indirectly. Therefore, the load condition in 
atmospheric air remarkably differs from the condition in high 
pressure and high temperature gases consequently. 

Fig.24 shows an example of Lissajous' figure of the shaft 
motion detected by distance sensors on upper bearing position, "D" 
shape in the figure expresses the containing of second order 
harmonics and a touch of whirling is felt from the double traces 
of the figure. 

4.2 RESULTS OF ANALYSIS 
The most reliable values of correlated linear function, 

Xo 1 (Xo,, ... ,X0 in eg.(3.5) are shown in Table 4.2 for the cases 
of two variables and four variables are taken into account. The 
normalized values of revolution speed and gas pressure are two 
variables for the former case, the normalized values of 
differential pressure and electric current are additional 
variables for the latter case. In the analysis, both of the static 
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load and the dynamic load are correlated as the function for upper 

and lower bearings. 

Another combinations of the variables have been tried in the 

analysis, however, it can not find out more suitable one at the 

time. The correlative plots of measured values vs. calculated 

values of the loads are shown through Figs.13 to 16 for the case 

of two variables, and Figs. 17 to 20 show in same manner for the 

case of four variables. 

Correlativeness in case of the two variables is particularly 

bad for the static load of lower bearing and in case of the four 

variables are applied, it indicates better correlativeness for any 

kind of the load. From these results, we may presume that the four 

variables, - revolution speed, pressure, differential pressure and 

electric current - affect the loads more or less in bearings of 

this circulator. 

The frequency spectral maps of shaft movement are shown in 

Figs.20 and 21 for the test in Helium of 260deg, 30kg/cm 2G with 

diametral bearing clearance of 0.02mm at stopped condition. 

Basic components and higher order harmonics of the shaft 

vibration are clearly displayed and the components with nearly 

half frequency of revolution speed appear above the speed of 

around 9000 rpm. This indicates the whirling phenomenon occures in 

those revolution speed, however, the whirling is a complicated 

phenomenon and the relation to the load condition is uncertain. 

Those are the facts for the time being that the initiation of the 

whirling is not always at same speed and it seems that the 

operating condition of the circulator gives much influences on it. 

Supposing from the data and the theories on the bearing, the 
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phenomenon and the relation to the load condition is uncertain. 

Those are the facts for the time being that the initiation of the 

whirling is not always at same speed and it seems that the 

operating condition of the circulator gives much influences on it. 

Supposing from the data and the theories on the bearing， the 
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whirling must be caused by the relatively low stiffness and the 
low damping factor of the bearing systems compared to those of the 
liquid-lubricated bearings. 

Fig.23 shows a similar spectral map analyzed from the 
acceleration signal on outer casing of the circulator. It is 
easier detecting the acceleration on outercasing than detection of 
shaft vibration, thus detection and analysis of the acceleration 
make it possible to investigate the operating conditions and 
secure the circulator without special attachment of the shaft 
movement sensor. 

5. DISCUSSION ON RESULTS 
From the results of test, it will be able to presume as 

following items: 

(1) As presumed previously when the circulator rotor is operated 
without the force perpendicular to its axis, the hydro-dynamic 
forces on pads increase with the revolution speed monotonically 
and isogonally until the spring-pivot initiates deformation. And 
the force overcome the pre-loading value, the static load will be 
kept in nearly constant value because clearances between the 
journal shaft and.pads increase with the force. 

(2) When the circulator is running in connection with the high 
pressure gas loop, An additional force act to the impeller from 
pressure gradient around the impeller and momentum changes of gas 
at inlet and outlet of the circulator. This force changes with gas 
pressure or density, differential pressure, revolution speed and 
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other factors. 

(3) The clearance of circulator motor's rotor and stator can not 
be made exactly uniform around its circumference in general, and 
it changes with displacement of the spring-pivot, therefore, the 
force perpendicular to rotor axis or tumbling moment is generated 
by electro-magnetic force between rotor and stator. And the 
electric current, which produces the electro-magnetic force, 
affected by speed, gas pressure, differential pressure and other 
factors. 

(4) From the causes mentioned in (2) and (3), additional tumbling 
moment or external force acts on the rotor when the circulator is 
running in practical use. And it increases with the input power of 
the circulator. 

(5) Only one load sensor is equiped in both upper and lower radial 
bearings in the same direction respectively. Therefore, if 
component of the force vector compresses the load sensor, measured 
value of static load must increase with revolution speed 
monotonically. 

(6) On the contrary, if vector component of the force is reversal, 
measured static load will remain nearly constant until the spring 
pivot initiates deformation. After the beginning of deformation, 
measured value will decrease gradually because the clearance 
increases between the load sensing pad and shaft. In other word, 
the shaft displaces toward spring-pivot side compressing the 
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spring and away from sensor-pivot. 

(7) Three pivots in a bearing are arranged rotationwise with 120 
deg spaces in the order from fixed type, sensor-type and to 
spring-type. 

(8) When large static load is applied to a pad, rigidness of gas 
film adjacent to the pad must increase because of pressure 
increasing in the clearance. Thus a large dynamic load will be 
observed for the same balancing conditions at the pad where large 
static load is applied. 

(9) The electric current is affected by circulator speed, gas 
pressure, differential pressure etc., however, it is found that 
the measured static and dynamic load are correlatable only in the 
case that current itself is dealt as one of the variables. 

This means the current itself affects with static load and 
dynamic load finally. Consequently, it should be understood that 
magnetic force in the ciculator is one of important factors as 
same as the force from gas to the impeller for condition of the 
loads. 

6. CONCLUSION AND RECOMMENDATIONS ON DESIGN CRITERIA 
The spring-pivots in both upper and lower journal bearing 

must be intended to keep the static load in constant and high 
value. And it causes high stiffness and high load capacity in the 
bearings. The constant and high stiffness of the gas film make it 
possible to operate the circulator in stable conditions for whole 
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range of the operating speed. 

From the reason above, the effectiveness of spring-pivots is 

most important and the special feature of this type circulator. 

Therefore if the effectiveness of the spring-pivot is out of 

expectance, the circulator will not be operated in stable 

conditions. 

As described in the preceding chapter, the force act to the 

circulator impeller from the momentum change of working gas and 

pressure gradient across the impeller, the electro-magnetic force 

also acts to the motor-rotor horizontally or in tumbling manner. 

These force or moment causes unequal forces to the each pads in 

both upper and lower journal bearings, consequently it makes too 

much and too small displacements of spring-pivots in the two 

journal bearings respectively. 

As to the dynamic load in the journal bearing, we must know 

that the dynamic load which is measured for only one pad in the 

each bearing will not same for three pads in the bearing except 

the case of very low power operation. If the static load is so 

large and non-isogonal by the force or moment described above and 

the vector component of it directs to the spring-pivot, the 

journal shaft will supported under the relatively low stiffness 

condition because stiffness of the spring-pivot is much lower than 

it of the gas film. Thus the journal shaft will be kept in the 

fluffy condition and unequality of the dynamic load also becomes 

so large as proportional to the value of static load as 

understanding from Fig.12. 

The unequality of the dynamic load causes the force vector 

component which rotates and changes absolute value in the rotor. 
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According to this force vector, the motion of the rotor also makes 
additional force vector component of gyro-effect which is 
proportional to the velocity of motion and rotating speed and is 
perpendicular to the motion. 

Resulting from these force components and fluffy suporting, 
the rotor falls into the unstable condition and tends to vibrate 
divergently. 

Generally speaking, non-steady and non-linear system of the 
dynamic load in the above case makes it possible to generate the 
instability of the rotor. 

As understanding from above descriptions, the basic problems 
are non-uniformity of static load which caused from external 
forces and low stiffness of the spring-pivot. Therefore we must 
realize following improvements basically to prevent the 
instability of the rotor: 

(1) Cancelling or decreasing of external force to the rotor. 
(2) Increasing the stiffness of spring-pivots. 
(3) Increasing the damping factor of spring-pivots. 

Substantiating the basic criteria mentioned above, we may 
offer the following methods respectively: 

(1) Decreasing or cancelling the external force due to the 
momentum changes and pressure gradient of gas, it will be very 
effective to equip two stage impeller and casing which have the 
inlet or the outlet nozzles in inverse direction each another. 
And it will be also effective that we set the rotor in the 
position where it is not always the geometrical center of the 
motor stator but the position where the magnetic forces are 
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balanced all directionally. 

(2) It is rather difficult to increase stiffness of the spring-

pivot simplly because if spring constant of the springs are 

increased, it makes impossible to keep the static load in the 

nearly constant value. Therefore we should design the most 

suitable spring based on the consideration of static load-

keeping and stiffness for the vibration. 

(3) It will be most effective way to increase damping factor of 

the spring-pivot and the present author has designed the special 

pivot for this purpose. 

As described above, it should be re-discussed with 

effectiveness of the spring-pivot and also with meanings of the 

balancing techniques in the condition of free air or no impeller. 

We must be careful that the practical operating loads differ from 

the balancing condition which is traditionally carried out in free 

air. 

The pressure gradient around the impeller is comparativelly 

large for the regenerative type impller, thus we must be more 

careful of that the tumbling moment of this type become larger 

than another type circulators. 

It must have close relations with above descriptions that the 

twice troubles had occured in the circulator(Bj) which has a 

single stage regenerative type impeller. Therefore we should make 

more investigations on the troubles to ensure and verify 

reliability and capability of the circulator not only for the 

Helium-loop but also for a nuclear reactor use. This circulator 

tends to occure the "whirling" even at present in the operating 
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condition around 9C00 rpm. ( see Figs 21 , 22 ) 
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Fig.lb Dynamic Load in Air just after Begining of Test 
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' : : i î iii! !i!i ;!ii i i i : :::; iiii ; i l ; !!!i li! IJ! i i i ! jih.i Mil !!H Hi: liii . 1 , . 

.-.1 l i i i : ' | i 
• i Hi >•:' 1 ' ! : . : i:l liii I'ji V 'ill • i n ' i : ;J:I Ilii •i 

. I I 1 
• i ; 

; : i . !!|: .ii; : i" ill' nil i : -. i , ; i II'ill ill! 'ill in; i ' l - i ' ' l • : " 4 1 . ' •ilj i H"i : i ' : i|!i !MI !i ; : I I ; : 
I H I j i i i • !:i •iii iiii ill! M :'l 

- ; i 
'•:'< : l l ! n'-'l 

: ; l . ;:; :i;i 'iii iiii i li : ' '• i i i i i ; i i ' i i ill' !!i! 
i : : ' iill 

• • ! . ':!: • !li!l! :l l. : 
•1. :l.: 

i i ' !'|! :ii! W ; |! ! 'iii 
i | . . 

• • ! ! .;;; iii' iii ;i!i • ' • • : . i i i : i!i: iiii 'ii ! i i : . i::l I ! • 
i i n ' 'Mil! mi I'ii :iii !: ; : Hi; 

; : . : ' 

"•!• V ' . ' .I ' i ;;!( I'll • ; , ; i' ! Ill- ,1': • ' . ' • 'H' • ;!' i i i i I T : : ; i ;•; •»f l • • ; • :-| i ; - .M ' i - - 1 1- lil :.-); : i ; , :.'!' ;::: : : : • : , : • .;,-
• " I ' i'. j 

I . , . : . 1'!' 
: : • ! .HI Il'.i • • ' :i , ! • : -;! l i : i i j ! : : i ! | ' ! i ' ::' :</ • ; r 

• ' ! • :!'! ! ! •ill ;: I t ! : l! i , .::. i ' i - • : : 

: • : 

}lii • i ' - . 
,!i: : i!;l!i | i ! i ! ' i l l; liii i!=; ' i l ' :!.i i i ' i : ! i iii= ill' ii|i 'iii ;;•! 

. i : 

• i l - i li ' ! ' • 

1 : . ii :- :! ^ ' i i i H i u p p e r !' • ; : . :: . • ; i ; 

III} • . ( ' i!i i ' i: •:• ' , i ! :i,i iii- ii-i ill; ill" '!' i i " i i ' ; ' ii: ; l i ' t?; • ;i: <il; 
• • ' , 

! ! ! • "l;i r:; !i! ; : • • 

• : i : : l :'.' 1 
• • 

ii!i?i - : - l " | - ' ' l : - ' 
• ; : : 

• :•• •ii! 

if 
i i i • i M i i ' i i i i ' i I M i r i i 1 i !• i 1 • i i• ' !• i i : J LL l _ L ' 1 1 

30 if 3-si •••:•• • i i l l : (': i i i ii; j:i ;;:; lie 0 0 0 l i : : :v | r - | ' i ' - | - ; i •i'll-i |:i |':!i : G ' 0 0 0 :ii _i . 
ill: l : ' l o w e r . 9 ' 0 E 30 : j 

i : • iii '; i i i i j iii i" iii ni i i i I i : .:i; M iSPEED;, Cippm), i j i |ii' iiii i ii :;li • : . . ! ' ::. l i ' M l l i l i l t i l ' l i i i 
.... .:. 

!'! !;:! !'! 
•]}] • 

i l l!!! iii Hi :'! iii iii !il i!i il 
•:•• il! l!H lil! Ml :i; |iii Pn l ! ! i III il i ; : ' i^'; i ' : : !i III. ' : l !'. ill 1:: : 

li;! 
i'l 

h i i 

:i! !iil ;r !ti 

Fig.2a S t a t i c Load in Air a f t e r 6 Hours of Begining Test 

」
〉
]
山
元
一

1

7
一

z
t
i
(
)
岳
町

l
i

川i
け

1

I

U

J

a

f

H

‘

a

'

H

川
1
.
ー
い
・
ぺ

0

2

0

h

川
I
H
I
川
リ
日
川
一
ド

H
L

，

Begining Test oE lIours in Air aEter 

町、a
e、コ



J A E R I - M 8 6 - 0 6 6 

'^% 

14-S: 

m 
^ - 3 : : 

m 

upper 

i:Ol? 
:£=§ 

-.u-.-.-a 

iiift\l==F-H:;;^!^l= 

Siis^isisrSBaBsJgjyyrjs. _63.S_£ rr==r4=-r-9aB3.' 
g=jH=i=sJ:--SFEFDr-(rpin)iilsr:--

-:-;;i.-3=-ri- • : - - ^ ^ = r S S S d r :—i=i==~=~~s~~s-=i;=^ : ;^^ -:;=? 
=•> irS=v^" 

= Q | ~ = 
:: b-:—.̂ -. ̂ =====^===^9^-=^J:y: ;7^==::-—:^---^j ;=^ i==:V^il===rd^4l-^=-- :-;Lr7' 
=!TT;:rr~ --~:rnz^7T.~^_---,—:rr^r.~|' |—Hf^pzi^HH^^n^s;;^:?7|:-f:=~"T-q~=:-'==-:~==~~::T.\:-^.- "~~.\ 

•=-^=~~.; _J=r^j8g3==nr^---=^-"^;H-:-::Hh--'::63o3 : :.••:•••••:•.::• : . - ~ ̂ ^ •;• S B3KJ : 
^ S = = = = = ^ L ^ 3 m ^ , , . r . „ _ ^ : • : : : ; ; , ^ ; . , - ; , s ? ^ ; , . . ^ , , , , ; 

Fig.2b Dynamic Load in Air after 6 Hours of Begining Test 

- 2 3 -

.IAER[-~1 86-066 

Fig.2b Dynarnic Load in Air afヒer 6 Hours of Begining Tesヒ

23 



J A E R I - M 8 6 - 0 6 6 

;::~r-:: -̂̂ i£^7^T?H£ :̂̂ :zrc:-i - co •_.::;.: 

U J ;:•-.:—. 
:\-... :rr :vz::z:. .:.:; 

; L : r : - : ? : -
. U ~ : ^ = - - i £ : - } ^ : u . - ^ ^ : . . : 

- co •_.::;.: 

U J ;:•-.:—. 
• •• - • a 

; L : r : - : ? : -: g - : ^ H T ^ - - ' 5 . 

- co •_.::;.: 

U J ;:•-.:—. 

-j — ; - ~ ~ i—^r?^;-;;..^:; g ~ 15 i"^—:': 

r:i:^;^-"-:.r:-=-r:~": ::^H^i/-i^f=======gf; 3 % 

^-:V>-^-r:^^:j^: r ^ H E f / ^ ^ . J ^ ^ r i r ^ i ? : r . ^ : ^ : : - : r : ~ ~ _ -
^ r ^ ^ ^ ^ U r - r •v.-:;: =j. ^ : i>":^i£^!jr:f?==^r ]y- •\-:ziri^i['. 0 

e 
0 

- :r-\\:-:~F^:.:-\.i::r ;; :;-::: ': :1: =.. t~=r. ~F.- l~ • l=£"': • ]:~:\r:\\:': 
0 

e 
0 ~i:b:u-..:i^^i.r.\.y:. i :? : :^; ^^.r^TzTr^^-^:^- ~ l—l.'.r'Z": 

0 

e 
0 

-:r.--.-~:Lz=:zz=- \ -.- ::.-::.:.- • = - ^ S ^ : f ^ ' - . - j : ; : = - : = : ^ •L\f~: :•;-• CT> 

5=l^:-^i=EEr::^i^- iiziS: TTT. r^r: r ~ - ^ r ^ ^ " - irrr::v.: " 7 = ^ ^ ^ ; 
r r r : -:::r : z z ^ : \ "i ;:.—~ : _ . - . ; : _ : . _ - - : - • _ : C 3 . : • • - - : - . 

Q • ' ;:.—~ C 3 . : • • - - : - . 
Q • u ) 

u i : r^^^i i - :^ . -nz^^: : iL-: \: H=i:'£. : = :H= r:"r_::i-Z: ~ ~ ~ I r I- ~ 
CO:::::-^:-\. 

H=i:'£. : = :H= r:"r_::i-Z: ~ ~ ~ I r I- ~ 
CO:::::-^:-—-.----.-r::::—7=-:-^::: I ;:^= :.:=—r -r.-::=r.;=n=-.-=^-"-. CO:::::-^:- U> 

— \ ;:^= 
. ... — .— 

CO:::::-^:-

• ^ ; : r ^ ^ ! ^ r r r ^ y : J £ \ 

^ 4 

: ^ - L - ; ::rf^z ; -^"".] l i : ."- : . : -.rr-.^:;-^---

™-: Ir^-^-rX-ir^iH" -:"i~i •. ^ 4 - - ^ L ^ i r ^ T T ^ i i ^ r ^ i r ^ v r 

- - ^ - t _ ~ ; . ~ ' 

(N 

-ZL.: - . •_:." n i ^ i . -_•_• -.:.: _ : : . ^ 4 - r.: i- r. : . : . - - • • \x — : = T - ~ ' - : ^ - . 

- - ^ - t _ ~ ; . ~ ' 
4-1 ^ 4 

- - ^ - t _ ~ ; . ~ ' 
^Uii:;i5G=^r--!S::''' 1 i:. ."::::::"::rr:.:-r:rT::-:r:'l=: :•.:'-i=' 

- - ^ - t _ ~ ; . ~ ' 
E 

=1 :r=T=?=^ nZrl- : rr;":: :„• • ; I . -"- : : ~ ^ - E : - = ; .~==E-:{ii£. :i -. |—| -•-: 
3 
•w 

i= =^-===T:~: . : f_=; i ; . • 1 ~". 
"i Q _ :;;£: 

r - l 

^j^j=r-:^L:;^=T;;:; ; | ~ j I : " ; - - : - : ; - - - . - - : : — _ - - . — ' "i Q _ :;;£: X 

—.._. — ., K . - v - . U ? . ^ : n _ : - - . — T ^ T T T : . — : , - • • — - -K . - v - . U ? . ^ : 
•H 

:'..-:•:':"--::::- ^ ;:;.-.::. :" K • ^ j r - ^ T ^ Ti 

^L:>U:i?z:i£^::;:r;:;;: 
(3D - . :••: 

(S) •;_;.:.-
0 

":l :::.iiL~:'L~r:".F:'.i:::-"' ! - ; \ - . : . - ; . . : : . . . • : . . . : • • : . : : , • • : . . : - : ' 

(3D - . :••: 

(S) •;_;.:.- 1-1 

— : ~ — — . : - _ = £ T = ~ " •:: • •--:~ri:r_-:L.-:;;"=::™:r.':f-l:r::::£---:::" 
U J •:-:--• 0 

" ' • = ; : : - 3 : ; = 
4 J 

^ i = ? r H f ? = ^ : ^ ^ : ^ ^ ^ ^ H ^ ^ £ = ^ ^ n ; ^ ^ h ~ = ; 4 J 

r r ^ ^ r i ^ r r — v — ^ - ^ : r , . . 1 . — ' 
T^. : ~ ; ̂ K - ^ H ^ T H ? - ; :.V- "^H—iH-'-'—iSr^ 1:^-: 1;^:^:- 1-. • ^ r - p : = i = : n 

7:: i|?.7J: ̂ -;S>=V :: ="K • . . j i : ^ - ^ ; j ^ r ^ r r = i ^ ^ J i r r j : :y ^ l i ' r ^ f S - cr> 

r-_ f r - £ = = = ^ 5 ^ -' • • - ~ ~ - : ~ : ~ i - - ^ ; t r r ~ ; r : : : : . - ^•ZZzB^ Cu 

: : • . — — — • : : • : . - • • : - • : : I—Î TT—il-"-":: -T:"- L": - £ ~ : '£u-.:.:; •}zz::.r.:~i':i-i:z 

/ - j ^ i ^ . - J ^ r v V ! - . : - : ; Vr^^^v::i . :L-ii:-=. : iv:~J.Tl~l-r:- r\- •.--.:-.-.:-

".":. ~ " -—-~ , . . • f : : ™ :--;zz^.;~^——.::zrrz7:. iu:r.:is: • 
. . . _ _ . . . ~ . __ ... 

. • f : : ™ 
_ . . . _ . — - • -

±\. | r==l=fTvy;- | ^ ,-- i - - i — I - • ! •—1— I--I-—1--1 --1 
-• 1 • 1 1 • 1 • 1 1 1 1 1 V " 1 1 " 1 i ' 1 

Q - - • : - • : . . • - • . C S -••• ". . : . (53 ~."::'.- :.. Q • - - • • - :-- Cv) : - - ' - - -
': CC "I—"I-^Ir CD .~::~ 

H ^ ^ X J P . ^ ) ddn -3DhOJ.-S^^ - : - . - : . • \ " . . 

24 

tl(i-066 JAERI-~I 

{

巨

仏

h
o
o
m
h
-
U
句

N
E
υ
¥』
w
v
-
U
N
.
0
H
a
q
}

。NE
U
¥
m
v
v
{
T
.
目

、

hvω
匂
ト

N

M

O

E

2
叶
同

ω

E

C
刊

匂

伺

O

A

O
叶

以

咽

U
m

伺
門
・

0
4
L

-24 



J A t i R I - M 8 6 - 0 6 6 

-1-3 

•4 -4 -

:--- D •:-• 

:.^zzz^r± UDDer 

m^& 
r-Ai 

JELl'l 
:0: : ; . . ^Tg-G i z - ^ ' . ^ 

^ ; ^ ^ ™ = 

• :.::. 
_! ^ _ i : t • i 

~-^m^m= 
r-;> | :^--

-0-r. --3003 --—-^-—i-^i^K E000 
r-;.. : :=;;-:l SPEED ( r p m ) •; ••:;";;. -; S 

- . * — 8-

r v •"•••. 

_! 1 : i _i —L 

ff^^fff l o w" 

-J l___l ! t_ 

: 3 0 0 0 - S P E E D - ( r p m ) - G 0 0 0 r „S000. 

F i g . 3 b Dynamic Load i n Hel ium of 27deg , 5 . 4 k g / c m 2 G 
( Ap=0 .26kg /cm 2 a t 7500rpm ) 

- 2 5 -

.J A 日 RI-~l 86-066 

九三 ー こご七二二.--ーニご三ニ?τ てこごコこ守二二_.- 二二二=ご二Z士ごー之:二三---ーーーーに--_. ーコ....ーと=ー ...て 巴ごで.-ご ー=ごーー一三二三T二 ーー:ごでで士?
=_...コア士ーァてごでで..ご?で工ニニ"ττ=ごでー噌一 τコ..てで三..・一一 ーーーァ.-一 :ーー一一一一一 .-ーーー --・ e・_.- 日 司自 τーコ士τ_.何回 三 ー一一一 ...-

三ご_._.~.コー--"--'-二二二=ー・‘二二4ーニスニム品---二三二ぶ--一ーーーユニ=コー 九守二ニニ4二ドユエニ .-ユー ーょ ニニミニニニニニニヱー孟ユニニニニτァーーユニー一 ーー ーア三ムー
)ー・一一一一ー一一…一一一一 一一 …一一一一一一一・一一ー……一一一一一一一一一 ー一一一一一一一一一一ーー'ーー_...-..-一司ー…一一一…ー一 一 ーー・ー百四一一一一一ー一一一
-三ご Z三二=ニニ二 :ムーム二Lムニー・ーニ:二二回:γ=でニ ー コ目..._..ー.ニ-.._......町二ご三....._...コ=三 二三ニ=二 二二..._...-一二三二ニ.-ニーニ τ二ニーー ー・ニニニー
ー一一ーーーーー 一一一 ー一目守一一一一ー一一一一一一一一一一 一ー一一ー一一 『一一一一一一一一一一 一一一

一一ーーー 一【ー .一 ー ，.. - .・ー宇 一 ーー一一
ーー・一一ー一一一一一-…一一一一 … m ・・ 4・・一一一一一一一一一一一一 一一目 白ー一一一一一一一一‘一ー ーートーーー』“ ーー・ 一一 一一 ーーー ー一一ーーーーー一一一-一回目ーーーーー一一ーーー一一一日目 F 一 一一一一一 一噌‘ー も 『 ……一一…一一一一一一一一ー一一一一晶一一 一一一 一---二_.-ニ_._，ニー三...ーヒコ._..-二..-ζ-ニ_.ー..ニー=ェーーーーニニニニ-ニー二=ー」ー一町田ーニLニニロー ー三ニ= 白f一旬-_.....ニニ三でー_.三Lニ --ニ吉三了二-- 一二=コ ーロー_..二ー
一一ーー・一一 一一一ー・ーー・…-.-.........…一 一ー 一一 一一一一一一一一一一一一ーー・ー.ーー一一ー一回一一一一一一---ーー一一ーー司 自ーー一一・ ...・ ー ーーー目 ー ーーー 一一 ーーー一一 ーーーー

一一ぷー，...8-

云::~­
rァ 0--，壬す?

士?三4一
三7江rで主ア
エヒ).，.72-
L巴二与

ーーー一ー-ー… 一一ーーー一 一 ーーーーーー ー一ー一一ー一一 一ー一一一一一一一一一一一一一一一一一一一一一

一 ー一 一ーーーーーー

主~~t_-.~\;些只宗宍記二三 \mιι;λゴ何_3月叩仰3羽四四日問叩000~5P回8
】 にコ 三壬-三〉二己忌:三 =二. パ目山口"....- - 目 .人二三

Fig・3bDynamic Load in Heliurn of 27aeg， S.4kg/crn
2
G 

( dP=O.26kg/cm2 at 7S00rprn ) 

-25 



i!:' 
IB 3 : 

' 
, • ; • 

II: 
;i ' 

iii ;iil :! i | i l l 1 f ii:- 1 ;ii: iiii ijj; 
;!n 

ij; 
t : • 

,!M i 1 ijji ; l ' i :i- :.: 
j . ; i 
ii:: 

. ! ; • ' : i ' 
: . ' I • 

" i l l 
i i i 
iiii 

:| i 

i | i 
; ' i : 
! , i . 

;.i 

ill: 
!!!! 
!lii 

:!|i 
i'il 
iili iii; 

; t ; . ' 

:i! : 

:.';i 

iiii' 
i. ; : • • i ! h V! Hi' II' i ' i . 1 ' • 1 

.1; !•': 
: . i • : • I ' l ;;;, .ii ::ll !!i :! ' • : ' • ! , ' .\.i\ u p p e r •; .... ' !ii 

i^-». " i : 
; ! • " 

'•'..'• 
:ii i.li .:l: jili 

: • • : 

; ; i *; i ' r 
'ii: ::: '••• ;•:. •;:: "i i i i : 

! l . iii: : i l i iiii i'l: l l i i iijl liii • • ' ! i ! i ; liii 
<- t - • . . i \r -':: : , : i in. !i! 

. ; • ' • ! l '!' ;: "'( . : • • •Ml r ' ' ; | i i 1 • 1" :|:; :lij i i l i : 1 iil ' ii" 
; o j b d •;<• 

_ l • ; :::: !h H-: ii:- • i > • .!!. '!:: : i : l i ; J : §•• ; i i - iiii ::: • 1"' ill! ' i i ' !.:ii 

_>: , r : • ! • ; i : : :,!: : • ! i • : • • ~~^" .'. ' .1:1 ,!!• 1 • l-'l •1:' ,!|: 
• — • .!. i- , : . i . :n; •?• . < , -| ; ; - i i l i i i l l : 

• I " jll. iiii ilii :::: ! | i : iii i l l ' 

a 
• : ; i 

- ; ' 
i . 

;l; i i j ; •ij"; 
; i i :!!! i! i : ,pi 1 iiii j.'i !» 1! - q" lii! iii' =:;! ':; " i 1 

ijij 
i;!j i Hi! ijii 

; : i : 
II 

iiii i | i i l! jiii iiii 
I ' l : 

iiii ii 
lilt 

jiil ill ' iiii 
. 3 A 0 

lii 
. • 1 

— :.' II: !. 
i . • 

': ' ::! - * — — * • * - * ' - * - . • l ' i . ' ! ' ; i Mr 
1 

U J 
( ) ['•"• 

0 
lii 
. • 1 

- • I : :n- 1 !. i i ! i i i lit; V''l III Ilii ,!:i 

ill' i ! ilii ' i; 
' i ' : :!:; :!;: :;;i '!:• i ' i 1 :,i ! i!i: i!!i ilii jiii I 1 Mi I : i | l ,, 1 o w e r 

; i ' . 

iill 
CK ; i j . 1 ; i ; |H : , i j ' i ! i i i ; ; • ' 

• ' : ; : • I !M- ;;!" : : i : 
• ; • ; iii: i-i: :. •iii ' | ; mi :iij 

1 
: i - 'iii i'lii 

o 

:2 0 
— i 

i j ; : 
* i ' i ^ i 

' • ' • • ; 

ii:: 

: i i : 

!:! : : i i 
"iii i : i l i ' j : i i ; : 

i ; . 

!':: 
: " : • 

i ! | . ;!' = 1 : ! . i :;l! i:l! 
U- :2 0 

— i 

i j ; : 
* i ' i ^ i 

' • ' • • ; 

ii:: 

: i i : 

!:! : : i i 
"iii i : i l i ' j : i i ; : 

i ; . 

!':: 
: " : • 

! • : 

:<:i 

:i!i 
ii: 

Ml 
i i i : | ' l 

'•"•] 
i i ! i 
i:l; ilii 

LO liii 
- • 

: i ; i :iji : ; i i Ml ijji ! : i ! !•! ni) 
: i ' : 

i i l : 1 III • : ; ! 

!•: i.'ii 
• • ; : ; 

liii 
!.l; 

ii;- l i i: 
l , i : 

i i : : 
i i ; ; 
: i i 

:l ;.: 
'•ii: 
. . • ' . 

' i i ' 

i ; : : 

• : ! i 

'11, 

'•('•' 

ill; 

' •'' i 
:i'< 

! II 
• i : . 

i i ; : 

;ii 

• : i 
iiii ; : i : 

III: iiii 
;;l . 
' i i ' !iil 

:l!| 

: i i ; 

• • : ' • 

liii 
- • 1 '.' ;'i ::f :l • i . i " •••:'• 

i - i : i i ! i i l : 1 III • : ; ! 

!•: i.'ii 
• • ; : ; 

liii 
!.l; 

ii;- l i i: 
l , i : 

i i : : 
i i ; ; 
: i i 

:l ;.: 
'•ii: 
. . • ' . 

' i i ' 

i ; : : 

• : ! i 

'11, 

'•('•' 

ill; 

' •'' i 
:i'< 

! II 
• i : . 

i i ; : 

;ii 

• : i 
iiii 

:ll u p p e r jl ; :l!| : • ! ! 

0: '' •'•': 
i • 

1 ' . - • !!': ::! ! i ! . • ! • 
• ' ' !'; '' ! l ' 1 - I ^ I - T 1 . 11 Il'i i"! 0: 1 i i . i r i i , i i M i i i i' II 1 | l 1 • l M 1 I- 1 !• i r I !• 

Il'i 
i . ; 

0: 
if 1-v • i , ' . 

; - i : 

•:? 0 0 0 > i .|.: -N: i - .G000!;i: iiji ;iii |!il; iiii . . 9 0 0 0 ': 
: i ' i i ' i : 

l ' ! 
i'i 

iiji ; i i i 
ii'l 

• ! ; : i i 1 ! 
i!!l liii 

;j;i 

i l l ' 
Ijii 
''ii 

ilii iii: 
i!: : 
i liii 

: : ' l 

iii 
11' 8 ;i!i :S 

i . : 

DEE ] | ( rp 
. : . : . i l 

m) : ' i ; 
' ' i ! 

: ! j ! l i i i •iii 
• i l l ::h 

iiii 1 ii'i i ! i ; 

i i i ' 
l o w e r 

•!! l : : i !:!! i 
• V ' - • • 

•;"["' 

'.-
' ; ! • Ilil 

Fig.4a Static Load in Helium of 27deg, 10kg/cm2G 
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Fig.5a Static Load in Helium of 27deg, 20kg/cm2G 
( Ap=0.69kg/cm2 at 7500rpm ) 
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Fig.6b Dynamic Load in Helium o£ 27deg, 30kg/cm2G 
( 6p=0.94kg/cm2 at 7S00rpm ) 
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Fig.7a Static Load in Helium of 27deg, 40kg/cm2G 
( Ap=1.18kg/cm2 at 7500rpm ) 
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Fig.7b Dynamic Load in Helium of 27deg, 40kg/cm2G 
( AP=1.18kg/cm2 at 7500rpm ) 
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Fig.Sa Static Load in Helium of 300deg, 40kg/cm2G 
( AP=0.78kg/cm2 at 7500rpm ) 
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JAER1-M 86-066 

Fia.lOb Dynamic Load in Helium of 178deg, 40kg/cm G 
( Ap=1.13kg/cm2 at 7500rpm ) 
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Fig.11a Static Load in Helium of 178deg, 10kg/cm 2G 
( Ap=1.28kg/cm 2 at 7500rpm ) 
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Fig.21 Spectral Map of Shaft Displacement at Upper Rearing 
in Helium Test for Diametral Bearing Gap C, =0.02mm 
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Table 4.1 Test Conditions for Static and Dynamic Loads at Specified Speed 

Fig. 
No. 

Gas Terap. 

dies) 
Pressure 
{kg / 

C!1 2 G) 

Oif.Press. 
( k g / c m 2 ) 

STATIC LOAD (k.?f) D.L0AC(k£f) 
Fig. 

No. 
Gas Terap. 

dies) 
Pressure 
{kg / 

C!1 2 G) 

Oif.Press. 
( k g / c m 2 ) UPPER LOWER UP. i r.i t 

Fig. 
No. 

Gas Terap. 

dies) 
Pressure 
{kg / 

C!1 2 G) 

Oif.Press. 
( k g / c m 2 ) 

7500 rpm 3500 rpm 7500 
rpm 

3-JUO 
rpm 

7500 
rpm 

7500 
rpm 

la,b a i r R.T. - - 60 47 44 47 18.5 11.0 

2a.b a i r R.T. - - 58 46 43 43 13.6 9.1 

3a,b He 27 5.4 0.256 59 47 43 46 10.8 6.3 

4a.b He 27 10.0 0.429 68 48 41 46 10.7 5.8 

5a.b He 27 20.0 0.694 81 43 29 33 13.4 4.8 

6a,b He 27 30.0 0.9o5 102 47 23 37 14.9 3.2 

7a. b He 27 40.0 1.18 122 51 19 36 16.0 1.6 

8a,b He 300 40.0 0.779 86 33 27 35 12.9 •1 1 
1 - I 

0a,b He 178 40.0 0.831 97 40 26 37 13.1 3.4 

10a, b He 173 40.0 1.13 95 41 26 36 11.2 3.2 

11a,b He 178 40.0 1.28 97 40 24 36 10.8 2.8 

- 5 1 -
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TablE: 4.1 T巴stCondit.ions for St:J.tic anrJ Dynamic Loads at 5pecifi巴dSpeed 

F 

ST~TIC LO~D (kgf) D. し')~D(kg f) 

Fig. Gas Temp. Pressur己 D i f. Press. 

No. (deg) {kg/ (kg/cm2 ) UPPER LO¥，ER じP. 1しiーJ‘8W0• 

crrr2Gl 

7500 3500 7.'500 3500 7500 7500 
rLlm rpm rpm rpm rDm rpm 

la，b alr R. T. 60 47 、川-崎2 47 18.5 11.0 

2a.b alr R.T. 58 46 43 43 13.6 8.1 

3a.b H巳 27 5.4 0.25G 59 47 43 46 10.8 6.3 

4♀. b He 27 10.0 0.42Q 63 43 41 4C 10.7 5.8 

5a.b He 27 20.0 0.694. 81 43 28 3:3 13. ~ 4.8 

6a，b H巴 27 30.0 0.9:):; 47 23 37 14.9 3.2 

7a.h He 27 40.0 1.18 122 51 18 3G lG.O 1.6 

8a.b He 300 40.0 0.779 。8G 33 27 内ο戸・d 12.Q T4.i 1 

Qa.b He 178 40.0 0.831 97 40 26 :l7 13.1と
10a，b He 173 40.0 1.13 95 41 26 36 1l.2 3.2 

lla .b He 178 40.0 1.23 97 40 24 36 10.8 2.8 
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Table 4.2 Correlated Linear Coefficients for Bearing Loads 

FUNCTION 
( LOAD ) 

(kgf) 

COEFFICIENTS FOR NORMALIZED VARIABLES FUNCTION 
( LOAD ) 

(kgf) 
speed(rpm) 
/ 12000 

current(A) 
/ 300 

pressure ' 
(MPa) / 4.0 

1 
! 
dif. press 
(MPa) / 0.2 

dynani i c 
(upper) 

26.70 -19.82 -1.221 15.24 

dynam i c 
(lower) 

9.933 -0.4380 -0.3411 -3.672 

static 
(upper) 

39.57 45.35 7.594 73.79 

static 
(lover) 

0.08433 91.81 -1.547 -G2.10 

*) guage pressure 

- 5 2 -
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Tabl巴4.2 Corr巴lat巳dLin巴ユrCoeffici巴ntsf(jr BeユringLoarJs 

FU~CTI0\ COEFFICIENTS FOR NO貯l~LIZED V~RI~ßLES 

( LO . .l.D ) 

speed(rpm) curr巴nt(A) 女)) pressui己 di f. pr己ss

(kgf) / 12000 / 300 (ト1Pa)/ 4.0 心IPa)/ 0.2 

dyn己目 IC 26.70 -18.82 -1. 221 15.2:¥ 

(upper) 

dyna!明IC 9.838 -0. 'f:i80 -0.3411 -3.672 

(10同 r)

sta t ic 38.57 45.35 7.594 73.7;) 

(upp巴r)

stュtic 0.084:33 91.81 -[. 5~7 -G2.10 

( 1り日r)

lJ 

安) guage pressure 

一52-
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APPENDIX 

SOURCE DATA OF TEST ON Bi CIRCULATOR 

DATE OF TEST: NOVEMBER 20-22, 1985 

Symbols in List 

SPEED : Revolution Speed (rpm) 
CURRE Electric Current (A) 
Tg-in Inlet Helium Temperature (deg-C) 
PRESS Helium Pressure (kg/cm2G) 
DIF.P Differential Pressure (kg/cm2) 
D.FORu Dynamic Load of Upper Bearing (kgf) 
D.FOR1 Dynamic Load of Lower Bearing (kgf) 
S.FORu Static Load of Upper Bearing (kgf) 
S.FOR1 Static Load of Lower Bearing (kgf) 
FLOW Flow Rate of Helium (kg/s) 
Tgout : Outlet Helium Temperature (deg-C) 
Tmot : Temperature of Motor Winding (deg-C) 
Tj.lo : Temperature of Lower Journal Bearing Pad (deg-C) 
Tj.up : Temperature of Upper Journal Bearing Pad (deg-C) 

-53-
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APPENDIX 

SOURCE DATA OF TEST ON Bl CIRCULATOR 

DATE OF TEST: NOVEMBER 20-22， 1985 

Symbols in List 

SPEED 

CURRE 

Tg-in 

PRESS 

DIF.P 

D.FORu 

D.FORl 

S.FORu 

S.FORl 

FLOW 

Tgout 

Tmot 

Tj.lo 

Tj.up 

Revolution Speed (rpm) 

Electric Current (A) 

Inlet Helium Temperature (deg-C) 

Helium Pressure (kg/cm2G) 

Differential Pressure (kg/cm2) 

Dynamic Load of Upper Bearing (kgf) 

Dynamic Load of Lower Bearing (kgf) 

Static Load of Upper Bearing (kgf) 

Static Load of Lower Bearing (kgf) 

Flow Rate of Helium (kg/s) 

Outlet Helium Temperature (deg-C) 

Temperature of Motor Winding (deg-C) 

Temperature of Lower Journal Bearing Pad (deg-C) 

Temperature of Upper Journal Bearing Pad (deg-C) 
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No SPEED CURRE Tg- i r i PRESS 
( rpm) (A) (deg) 1 <atg> 

1 3157.0 116.0 13.9 9.8 
2 3272.5 116.0 13.5 9.8 
3 3993.5 113.1 13.9 9.3 
4 4700.5 118.8 13.9 9.S 
5 5418.0 121 .1 13.9 9.8 
6 6030.5 122.2 14.2 9.7 
7 6681.5 125.1 13.7 9.7 
8 7350.0 127.4 13.9 9.6 
9 8043.0 132.0 14.2 9.6 
10 8127.0 131 .5 13.6 9.6 
1 1 7665.0 127.7 13.8 9.6 
12 6937.0 125.5 14.2 9.6 
13 6219.5 121 .7 13.6 9.7 
14 5505.5 120.4 13.6 9.7 
15 4777.5 118.0 13.5 9.7 
16 4042.5 117.9 13.9 9.8 
17 3262.0 I 14.8 14.0 9.9 
18 3146.5 116.5 13.8 9.9 
19 3150.0 117.8 15.1 19.7 
20 3331 .5 118.7 15.7 19.7 
21 4102.0 122.0 15.4 19.6 
22 4840.5 125.4 15.7 19.6 
23 5505.5 130.7 15.7 19.6 
24 6139.0 133.3 15.2 19.5 
25 6804.0 140.2 15.4 19.5 
26 7458.5 148.4 15.7 19.5 
27 7899.5 155.2 15.7 19.4 
28 7896.0 155.0 15.7 19.4 
29 7409.5 147.6 16.0 19.5 
30 6692.0 138.7 15.7 19.5 
31 5967.5 131 .3 15.7 19.6 
32 5243.0 126.5 15.9 19.6 
33 4536.0 122.6 15.8 19.7 
34 3794.0 119.5 16.3 19.7 
35 3157.0 117.3 16.3 19.7 
36 3157.0 117.8 15.9 19.7 
37 3153.5 118.2 17.7 29.8 
38 3150.0 118.3 17.2 29.9 
39 3636.5 119.8 17.7 29.9 
40 4350.5 124.8 17.8 29.9 
41 5075.0 128.3 17.7 29.7 
42 5736.5 134.7 17.8 29.6 
43 C356.0 141 .3 17.7 29.5 
44 7007.0 151 .8 17.7 29.5 
45 7700.0 163.4 18.3 29.4 
46 7805.0 165.0 18.6 29.4 
47 7812.0 164.9 19.4 29.4 
43 7668.5 162.0 19.7 29.4 
49 694 7.c- 148.8 20.1 29.5 
50 6237.0 133.4 20.7 29.5 

DIF.P D.FQRu D.F0R1 S.FORLL S.FOR 1 
(at a) (kgf) (kgf) (kgf) (kgf) 
.06 .87 1 .94 34.27 oo .bo 
.06 .68 2.32 35 . 1 0 33.43 
. 10 1 .02 2.28 38.79 33.77 
.14 1 .39 3.43 41 .75 O O Q O 

. t9 2.46 4.44 45.64 oo oo 

.24 4.06 5.39 48.92 33,41 

.29 6.82 5.79 52.78 32.54 

.35 8.52 5.35 57.09 31 .44 

.42 15.27 5.46 61.50 28.80 

.43 16.12 5.42 62.07 28.29 

.38 11 .29 4.31 59.46 29.47 

.32 7.18 5.32 54.35 30.82 

.25 5.07 4.91 50.52 31 .35 

.20 2.97 4.26 47.39 32.57 

.15 1.79 3.51 44.54 32.62 

.10 1 .13 2.37 40.25 32.08 

.06 .86 2.23 36.38 31 .02 

.06 .74 1 .97 36.17 31 .59 

.1 1 .67 2.03 33.78 32.18 

.13 .98 2.23 40.60 33.56 

.20 1 .06 2.18 44.65 32.69 

.28 1 .73 2.91 49.93 31 .85 

.37 2.69 3.63 56.22 31 .06 

.46 4.34 4.53 63.25 29.67 

.56 7.18 5.01 70.80 27.77 

.67 10.56 4.33 79.05 25.78 

.76 16.20 3.93 84.43 22.33 

.76 15.83 3.99 84.53 22.05 

.68 10.62 4.04 79.01 24.15 

.56 6.96 4.64 70.06 26.78 

.44 4.26 4.07 62.97 28.75 

.34 2.50 3.54 56.16 29.81 

.25 1 .55 2.94 49.53 30.47 

.17 1 .04 1 .85 43.65 30.80 

.11 .81 1 .92 38.99 30.62 

.12 .71 2.06 38.88 30.95 

.11 .86 1 .88 41 .09 31 .49 

.11 .84 1 .91 41 .09 31 .49 

.16 1 .02 1 .49 45.50 33.04 

.23 1 .31 2.54 51 .21 31 .16 

.32 2.03 3.10 58.54 30.13 

.41 3.26 3.84 66.94 28.73 

.51 5.16 4.57 75.44 26.64 

.61 7.21 4.49 84.87 24.20 

.75 14.57 3.41 95.57 20.38 

.77 16.28 3.11 97.38 19,18 

.76 16.22 3.04 97.29 19.30 

.74 14.26 3.24 95.43 19.74 

.62 7.19 4.39 84.24 23.28 

.49 5.32 4.16 74,19 25.80 
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No ~;PEED CURRE Tg-ln PRESS DIF.P D.FORu D.FO~l S.FO~u S. f口Rl
(rpm) (舟〉 (deg) (atg) (ata) (k gO (k 9 f ) (k gf ) O:'.:)T) 

3157.0 115.1) 13.9 3.8 .06 .87 1.94 34.27 J「円‘J ・63吋
」フ つ、327つιー亡J 116.0 13.5 9.8 .Ob .68 2.32 3'=， . 1 1) つJつ3.4つ
占、 3933.5 118.1 13.9 9.8 .10 1.02 2.28 38.79 33.77 
4 4700.5 118.8 13.9 9.8 .14 1.39 3.43 41 .75 、r、J、rJ、・仁9:ι、ー

5 5418.0 121.1 13.'3 9.8 .19 2.45 4.44 45.64 
「Jr占、.円DLFE 

6 6030.5 122.2 14.2 9.7 .24 4.06 5.39 4B.'32 3~~ ，41 

7 6681.5 125.1 13.7 '3.7 .29 6.82 5.7'3 52.78 32.54 
8 7350.0 127.4 13.9 9.6 .35 8.52 EJ • つ叫5 57.03 31.44 

9 8043.0 132.0 14.2 9.6 .42 15.27 5.46 61.50 28.80 
10 8127.0 131.5 13.6 9.5 .43 15.12 5.42 52.07 28.29 

11 7665.0 127.7 13.8 9.6 .38 11.29 4.81 53.4巳 23.47 
12 5937.0 125.5 14.2 9.6 .32 7.18 5.32 E、)4・、つ-'.亡J 30.82 
13 6219.5 121 .7 13.5 9.7 .25 5.07 4.91 50.52 31.35 
14 5505.5 120.4 13.6 9.7 .20 2.97 4.26 47.39 32.57 

15 4777.5 118.0 13.5 9‘7 .15 1. 79 3.51 44.54 32.62 
16 4042.5 117.9 13.9 9.8 .10 1 .13 2.37 40.25 32.08 

17 3252.0 114.8 14.0 9.9 .05 .85 2.28 36.38 31 .02 

18 3145.5 116.5 13.8 9.9 .06 .74 1 .97 35.17 31.59 

1 '3 3150.0 117.8 15.1 19.7 .11 .67 2.03 38.78 32.18 

20 3391.5 118.7 15.7 19.7 .13 .G  J 0 U 2.23 40.60 33.56 

21 4102.0 122.0 15.4 19.6 .20 1.06 2.18 44.65 32.69 
22 4840.5 125.4 15.7 19.6 .28 1. 73 2.91 49.93 31.85 

23 5505.5 130.7 15.7 19.6 .37 2.69 3.63 56.22 31.06 

24 6139.0 133.3 15.2 19.5 .46 4.34 4.53 63.25 29.57 

25 6804.0 140.2 15.4 19.5 .56 7.18 5.01 70.80 27.77 

26 7458.:) 148.4 15.7 19.5 .67 10.55 4.33 79.05 25.78 

27 78'39.5 155.2 15.7 19.4 .76 16.20 3.93 84.43 22.38 
28 7895.0 155.0 15.7 19.4 .76 15.83 3.99 84.53 22.05 

29 7409.5 147.5 16.0 19.5 .68 10.62 4.04 7'3.01 24.15 

30 6692.0 138.7 15.7 19.5 .55 5.96 4.54 70.06 25.78 

31 5967.5 131.3 15.7 19.6 .44 4.26 4.07 52.97 28.75 

32 5243.0 126.5 15.9 19.6 .34 2.50 3.54 56.15 29.81 

33 4536.0 122.6 15.8 19.7 .25 1.55 2.94 49.53 30.47 

34 3794.0 119.5 16.3 19.7 .17 1 .04 1. 85 43.55 30.80 

35 3157.0 117.3 15.3 19.7 .11 .81 1.92 38.99 30.52 

36 3157.0 117.8 15.9 19.7 12 .71 2.06 38.88 30.95 

37 3153.5 118.2 17.7 29.8 .11 .85 1.88 41 .09 31.49 

38 3150.0 118.3 17.2 29.9 . 11 .84 1 .91 41 .09 31.49 

39 3535.5 119.8 17.7 29.9 .16 1. 02 1. 49 45.50 33.04 

40 4350.5 124.8 17.8 29.9 .23 1 .31 2.54 51.21 31 . I 6 

41 5075.0 128.3 17.7 29.7 .32 2.03 3.10 58.54 30.13 
42 5736.5 134.7 17.8 29.6 .41 3.26 3.84 65.94 28.73 
43 (，355.0 141.3 17.7 29.5 .51 5.15 4.57 75.44 26.54 
44 7007.0 151 .8 17.7 29.5 .51 7.21 4.49 84.87 24.20 

45 7700.0 163.4 18.3 29.4 .75 14.57 3.41 95 .57 20.38 

46 7805.0 155.0 18.6 29.4 .77 15.28 3.11 97.38 19.18 

47 7812.0 164.9 19.4 29.4 .75 16.22 3.04 97.29 19.30 
48 7568.5 152.0 19.7 29.4 .74 14.26 3.24 95.43 19.74 

49 5947.亡 148.8 20.1 23.5 .62 7.19 4.39 84.24 23.28 

50 6237.0 139.4 20.7 29. ~， .49 5.32 4.16 74.19 25.80 
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No SPEED CURRE Tg-in PRESS 
< rpm) (A) <deg) ' (atg) 

5! 5523.0 131 .6 20.7 29.6 
52 4798.5 126.2 20.8 29.7 
53 4084.5 121 .3 20.7 29.8 
54 3276.0 117.9 20.8 29.8 
55 3146.5 1 18.2 20.9 29.9 
56 3150.0 117.9 20.8 29.9 
57 3153.5 120.8 19.1 39.8 
58 3164.0 120.5 19.4 39.8 
59 3874.5 127.2 19.2 39.8 
60 4592.0 133.7 18.9 39.8 
61 5309.5 144.3 19.4 39.7 
62 5929.0 157.5 19.4 39.7 
63 6552.0 175.8 19.7 39.6 
64 7227.5 192.1 20.0 39.5 
65 7619.5 203.7 20.7 39.3 
66 7619.5 203.2 20.7 39.4 
67 7623.0 203.4 21 .6 39.4 
68 7024.5 183.7 22.1 39.5 
69 6317.5 161 .0 22.3 39.6 
70 5586.0 148.4 22.4 39.7 
71 4879.0 137.3 22.6 39.7 
72 4165.0 128.7 23.2 39.8 
73 3384.5 122.2 22.3 39.8 
74 3150.0 120.3 23.2 39.9 
75 3157.0 117.8 196.0 39.9 
76 3220.0 119.1 196.1 39.9 
77 3941 .0 120.4 195.8 39.9 
78 4641 .0 122.9 196.2 39.9 
79 5358.5 127.2 195.8 39.8 
80 5978.0 132.0 196.5 39.8 
81 6608.0 138.8 196.2 39.8 
82 7297.5 145.1 196.4 39.7 
83 7882.0 152.7 196.2 39.6 
84 7875.0 152.8 196.1 39.6 
35 7812.0 149.5 196.2 39.6 
86 7098.0 140.1 196.5 39.7 
87 6377.0 131 .6 196.1 39.8 
88 5652.5 128.6 196.1 39.8 
89 491.8.0 122.6 195.8 39.9 
90 4210.5 120.1 195.8 39.9 
91 3440.5 116.8 195.1 39.9 
92 3157.0 117.3 194.9 39.9 
93 3146.5 119.3 193.1 40.0 
94 3150.0 119.1 193.7 40.0 
95 3465.0 120.8 193.3 40.0 
96 4182.5 125.0 193.4 40.0 
97 4914.0 I 32.1 194.0 39.9 
98 5575.5 139.2 194.8 39.9 
99 6195 . 0 1 48.3 194.9 39.9 
100 6856.5 161 .5 195.5 39.9 

DIF.P D.FORLL D.F0R1 S. FOR ti S.F0R1 
(ata) (kgf) (kgf) (kgf) (kgf) 
.38 3 .1 3 3.64 65.04 27.92 
.29 2.01 2.78 56,67 29.19 
.20 1 . 14 2.24 49.44 29.89 
.13 .77 O OO 42.24 29.79 
.12 .87 1 .96 41 .16 30.62 
.12 .89 1 .93 41.19 30.90 
.20 .73 1 .96 44.90 31 .16 
.20 .86 1 .83 44.81 31 .12 
.31 1 .01 1 .89 54.16 30.57 
.44 1 .70 2.49 64.35 28.06 
.59 2.36 3.02 75.78 26.59 
.75 3.97 3.64 87.65 24.17 
.91 6.46 3.60 100.39 21 .40 

1 .11 10.36 2.36 114.65 17.18 
1 .24 16.47 1 .39 124.22 14.37 
1 .23 16.50 1 .38 124!HT 14.38 
1 ,23 15.74 1 .41 123.94 14.37 
1 .05 8.64 2.55 110.53 17.95 
.85 5.85 3.48 95.13 21 .91 
.66 3.51 3.24 80.88 24.30 
.50 2.26 2.62 69.02 26.27 
.36 1 .34 2.20 58.30 27.82 
.24 1 .03 2.07 48.04 28.39 
.20 .82 2.00 45.29 29.24 
.08 .75 2.26 37.84 OP C,Q 
.08 .75 2.30 38.16 29.15 
.13 1 .05 1 .79 44.00 30.36 
.19 1 .73 2.88 49.26 29.47 
.26 2.58 3.50 56.43 28.70 
.32 4.09 4.24 63.26 28.00 
.41 6.76 4.86 70.95 26.04 
.49 10.22 4.43 79.48 24.72 
.59 16.81 3.14 86.72 20.98 
.59 16.31 3.13 86.67 21 .22 
.58 15.71 3.14 86.22 21.42 
.47 8.84 4.15 77.18 24.35 
.38 6.04 4.25 68.60 26.10 
.30 3.71 3.68 60.96 28.06 
.22 2.43 2.89 53.96 29.69 
.16 1 .47 2.20 47.51 30.32 
.10 1.22 2.67 40.01 29.37 
.08 .92 2.12 36.91 30.06 
.17 .93 2.05 39.25 30.83 
.17 .87 2.11 39.30 30.83 
.21 1 .12 2.59 41 .96 32.35 
.31 1 .26 2.09 47.52 30.58 
.43 1 .92 2.92 54.12 29.69 
.56 2.91 3.88 62.05 28.12 
.70 4.31 4.55 70.30 26.22 
.86 6.45 4.63 79.30 24.20 
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ト10 SPEED CURRE Tg-in PRESS DIF.P D.FORu D.FORl S.FORu S.FORl 
(rpm) (白} (deg) (atg) (ata) (k gf) (k gf) (k 9 i ) (k gf) 

51 5523.0 1:=:1.5 20.7 29.6 .38 3.13 3.54 65.1)/1 27 . '32 
52 4798.5 125.2 20.8 29.7 .29 2.01 ，aLー~ . 78し，' 5E，.57 29.19 

53 4034.5 121.3 20.7 2'3.8 .20 1 .14 2.24 4'3 .44 29.8'3 
54 3275.0 117.9 20.8 29.8 .13 .77 勺ζー・ 4勺;ー勺‘ニL 42.24 2'3.7'3 

55 3145.5 118.2 20.9 29.9 .12 .87 1.96 41.15 30.52 

55 3150.0 117.9 20.8 29.9 .89 1.93 41 .19 30.90 

57 3153.5 120.8 19.1 39.8 .20 .73 1.ヨ6 44.90 31.16 
58 315L!.0 120.5 19.4 39.8 .20 .86 1.83 44 .81 31 .12 

59 3874.5 127.2 19.2 39.8 .31 1 .01 1.89 54.15 30.57 

50 4592.0 133.7 18.9 39.8 .44 1 .70 2.49 5L:.35 28.05 

51 5309.5 144.3 19.4 39.7 .59 2.35 3.02 75.78 26.59 

62 5929.0 157.5 19.4 39.7 .75 3.97 3.64 87.65 24. i 7 

63 5552.0 175.8 19.7 39.6 .91 5.45 3.50 100.39 21 .40 

5L! 7227.5 192.1 20.0 39.5 1 . 1 1 10.36 2.35 llL!.55 17.18 

65 7519.5 203.7 20.7 39.3 1 .2ft 16.47 1.39 12L:.22 14.37 

55 7519.5 203.2 20.7 39.4 1.23 16.50 1.38 124.01 14.38 

57 7523.0 203.L! 21.6 39.4 1.23 15.74 1.41 123.94 14.37 

58 702L!.5 183.7 22.1 39.5 1 .05 8.64 2.55 110.53 17.95 

69 6317.5 161.0 22.3 39.6 .85 5.85 3.48 95.13 21.91 

70 5585.0 148.4 22.4 39.7 .56 3.51 3.24 80.88 24.30 

71 4879.0 137.3 22.5 39.7 .50 2.26 2.52 59.02 25.27 

72 4165.0 128.7 23.2 39.8 .35 1.34 2.20 58.30 27.82 

73 3384.5 122.2 22.8 39.8 .24 1.03 2.07 48.04 28.39 

74 3150.0 120.3 23.2 39.9 .20 .82 2.00 45.29 29.24 

75 3157.0 117.8 196.0 39.9 .08 .75 ι勺・ ι勺5 37.84 28.59 

75 3220.0 119.1 195.1 39.9 .08 .75 2.30 38.15 29.15 

77 3941.0 120.4 195.8 39.9 .13 1.05 1 .79 44.00 30.36 

78 4541 .0 122.9 196.2 39.9 .19 1 .73 2.88 49.25 29.L!7 

79 5358.5 127.2 195.8 39.8 .26 2.58 3.50 56.43 28.70 

80 5978.0 132.0 196.5 39.8 .32 L!.09 4.2L! 63.25 28.00 

81 5508.0 138.8 196.2 39.8 .41 6.76 4.86 70.95 25.04 

82 7297.5 H5.1 196.4 39.7 .L!9 10.22 4.49 79.48 24.72 

83 7882.0 152.7 196.2 39.6 .59 16.81 3.14 86.72 20.98 

84 7875.0 152.8 196.1 39.5 .59 16.31 3.13 86.57 21.22 

85 7812.0 149.5 196.2 39.6 .58 15.71 3.14 86.22 21.42 

85 7098.0 140.1 196.5 39.7 .47 8.8L! 4.15 77 .18 2L!.35 

87 6377 . 0 131.6196.1 39.8 .38 5.04 4.25 68.60 26.10 

88 5652.5 128.6 196.1 39.8 .30 3.71 3.68 50.96 28.06 

89 49:.8.0 122.6 195.8 39.9 .22 2.43 2.89 53.96 29.69 

90 4210.5 120.1195.8 39.9 .16 1 .47 2.20 47.51 30.32 

91 3440.5 116.8 195.1 39.9 .10 1. 22 2.67 40.01 29.37 

92 3157.0 117.3194.9 39.9 .08 .92 2.12 36.91 30.05 

93 3146.5 119.3 193.1 40.0 .17 .93 2.05 39.25 30.83 

94 3150.0 11'3. 1 1 93. 7 40.0 .17 .87 2.11 39.30 30.83 

95 3465.0 120.8 193.3 40.0 .21 1.12 2.59 41.96 32.35 

96 4182.5 125.0 193.4 40.0 .31 1.25 2.09 47.52 30.58 

97 4914.0 132.1 194.0 39.9 .43 1.92 2.92 5L! . i 2 29.59 

98 5575.5 139.2 194.8 39.9 .55 2.91 3.88 52.0:> 28.12 

99 6195.0 148.3 19LJ. 9 39.9 .70 4.31 4.55 70.30 25.22 

100 6856.5 151 .5 195.5 39.9 .85 6.45 4.53 79.30 24.20 
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Ho SPEED CURRE Tq-m PRES: 
( rpm) (A) (deg) » (atg 

101 7525.0 177.0 I 95.8 39.9 
102 8029.0 189.9 195.8 39.9 
103 8036.0 183.8 196.0 33.9 
104 7948.5 186.3 196.0 39.9 
105 7241.5 166.3 196.5 39.9 
106 6520.5 152.4 196.5 39.9 
107 5803.0 ]41 .6 196.3 39.9 
108 5075.0 132.6 195.8 39.9 
109 4361 .0 125.8 195.9 39.9 
110 3598.0 120.9 195.7 33.9 
111 3146.5 119.2 196.1 40.0 
112 3153.5 118.8 195.5 40.0 
113 3157.0 119.8 192.8 39.9 
114 3440.5 121 .4 192.8 39.9 
115 4158.0 127.7 193.0 39.9 
116 4879.0 136.0 193.4 39.9 
117 555t .0 144.9 193.7 39.9 
118 6181.0 153.6 193.7 40.0 
119 6818.0 171 .1 194.1 40,0 
120 7493.5 186.3 194.5 40.0 
121 8120.0 205.5 194.9 39.9 
122 8123.5 205.0 195.1 39.9 
123 7609.0 137.0 195.5 39.9 
124 6888.0 169.1 195.5 39.9 
125 6174.0 152.5 195.6 39.9 
12b 5456.5 140.9 195.5 39.9 
127 4735.5 132.0 195.6 40.0 
128 4018.0 125.0 195.5 40.0 
129 3213 . 0 119.3 195.5 40.0 
130 3150.0 119.8 195.0 39.9 
131 3153.5 117.7 196.2 29.8 
132 3164.0 117.2 196.3 29.9 
133 3895.5 119.3 196.7 30.0 
134 4606.0 122.2 197.1 30.0 
135 5323.5 125.0 197.0 29.9 
136 5950.0 128.7 196.7 29.8 
137 6583.5 133.6 196.3 29.7 
138 7252.0 140.1 195.6 29.7 
139 7938.0 148.4 195.6 29.7 
140 7931 .0 148.7 196.0 29.7 
141 7472.5 142.6 196.3 29.7 
142 6762.0 135.2 196.0 29.8 
143 6037.5 129.4 196.0 29.8 
144 5320.0 124.9 195.8 29.8 
145 4588.5 120.8 196.2 29.8 
146 3888.5 119.0 195.6 29.9 
147 3157.0 1 17.3 195.9 29.9 
148 3164.0 117.5 195.5 29.9 
149 3157.0 116.3 196.7 19.9 
150 3545.5 117.3 196.8 19.9 

DIF.P D.FORu D.F0R1 S.FORu S.F0R1 
(ata) (kgf) (kgf) (kgf) (kgf) 
1 .04 10.86 3.34 88.79 21 .22 
1.19 16.42 2.22 95.64 1 8.22 
1 .19 16.34 2.26 95.50 18.44 
1 .17 15.50 2.29 94.40 18.61 
.97 9.27 3.61 34.36 22.26 
.79 6.12 4.25 74.21 24.22 
.62 3.91 3.57 65.54 26.29 
.47 2.42 2.99 57.68 27.99 
.35 1 .56 2.38 50.27 29.25 
.23 .97 1 .60 42.28 29.03 
.17 .39 2.14 36.88 29.45 
.17 .87 2.07 36.83 29.99 
.20 .35 1 .99 38.95 30.32 
.24 1 .01 2.62 41 .58 32.28 
.36 1 .14 2.19 48.20 30.37 
.51 1 .35 2.91 55.09 29.44 
.66 2.77 3.64 63.56 27.72 
.82 4.15 4.28 72.03 25.80 

1 .00 6.20 4.42 80.86 23.68 
1 .21 10.54 3.07 91 .11 20.48 
1 .43 16.90 7.17 100.89 19.49 
1 .43 16.30 7.43 100.86 19.65 
1 .26 11 .88 5.40 93.24 21 .05 
1 .03 6.60 3.81 82.22 22.89 
.83 4.82 3.72 72.46 25.73 
.65 3.01 3.16 63.25 27.60 
.48 2.02 2.54 55.03 29.23 
.34 1 .14 1 .86 47.05 29.82 
.21 .75 2.41 37.20 28.44 
.20 .87 2.16 36.33 29.68 
.09 .77 2,31 37.79 32.57 
.09 .95 2.14 37.86 32.59 
.14 1.04 1 .81 42.19 32.93 
.20 1 .85 2.62 46.56 31 .24 
.27 2.70 3.53 52.86 30.65 
.34 4.14 4.28 59.06 29.62 
.42 6.43 5.26 65.71 27.55 
.51 9.28 4.94 73.31 25.84 
.61 16.22 4.02 81.09 21 .76 
.61 16.51 3.85 81 .15 21 .96 
.54 11 .52 4.36 76.56 23.83 
.45 7.21 4.91 68.13 25.98 
.36 4.81 4.13 61 .01 28.11 
.28 2.91 3.46 54.93 29.52 
.20 1.83 2.59 43.16 30.48 
.14 1 .08 1 .89 43.21 31 .00 
.09 .77 2.34 36.86 30.56 
.09 .89 o po 36.51 31 .05 
.06 .96 2.22 33.33 31 . 12 
.08 1 .22 2.83 36.28 33.53 
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S.FORl 
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S . FORtl 
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J A E R I - M 8 6 - 0 6 6 

No SPEED CURRE Tg-m PRESS DIF.P D.FORu D.FDR1 S.FiJRu S.F0R1 
( rpm) (ft) (deg) <atg) (ata) (kgf) (kgf) (kgf) <kgf> 

15! 4270,0 !19.2 197.! 19.9 . 12 1 .25 2.76 39.73 32.39 
152 4991 .0 121.3 197.3 19.8 .16 3.49 43.31 32.58 
153 5649.0 122.0 197.1 19.3 .21 3,23 4.61 47.80 32.49 
154 6293.0 124.4 196.7 19.8 .26 5.13 5.22 52.73 o 1 .06 
155 6947.5 127.6 196.4 19.7 .32 6.93 5.78 57.98 29.91 
156 7612.5 132.1 196.1 19.7 10.96 5.08 63. 71 27.82 
157 8141 .0 135.2 196.1 19.7 .44 16.28 5.44 67.20 25.65 
158 8137.5 135.4 196.1 19.7 .44 16.10 5.60 67.21 25.60 
159 7864.5 132.2 196.3 19.7 .42 13.59 5.31 65.23 25.94 
160 7150.5 128.0 19G.3 19.7 .35 7.90 4.96 59.51 28.63 
161 6429.5 123.7 196.3 19.7 .28 5.92 4.99 54.24 29.92 
1G2 5708.5 121.3 195.9 19.7 .22 3.61 4.37 50.66 31 .11 
163 4980.5 i18.3 196.3 19.8 .17 2.32 3.34 47.44 31 .54 
164 4259.5 118.3 195.9 19.8 .12 1 .36 2.66 42.10 31 .95 
165 3475.5 116.3 196.3 19.9 .08 1 .33 2.66 37.71 30.92 
166 3157.0 116.5 196.3 19.8 .06 .74 2.44 35.54 31 .65 
167 3157.0 116.3 196.1 9.8 .03 .90 2.26 28.85 31 .21 
168 31G4.0 115.9 195.8 9.9 .03 .90 2.18 28.85 31 .16 
169 3815.0 116.6 196.5 9.9 .05 .90 1 .93 33.02 34.30 
170 4543.0 117.3 196.6 9.9 .07 1 .46 3.09 35.77 33.90 
171 5257.0 117.5 196.7 9.9 .10 2.53 4.31 38.23 34.10 
172 5897.5 118.6 197.5 9.8 .12 3.71 5.54 40.94 34.25 
173 6527.5 119.5 197.5 9.8 .15 5.81 6.03 43.82 33.48 
174 7192.5 121.5 197.1 9.8 .18 7.04 5.84 46.82 32.89 
175 7389.0 122.0 19G.4 9.7 .22 11.16 6.39 50.60 30.85 
176 8589.0 123.8 19G.1 9.7 .26 16.19 6.14 53.08 29.79 
177 8592.5 124.4 195.5 9.7 .27 16.42 5.91 53.08 29.44 
178 8494.5 123.8 195.8 9.7 .26 15.66 6.06 52.59 29.24 
179 7763.0 120.7 196.0 9.8 .22 10.54 5.57 49.81 30.16 
180 7045.5 119.3 196.5 9.8 .18 6.76 5.31 46.77 31 .90 
131 6321 .0 119.3 19G.5 9.9 .15 5.59 5.35 44.25 32.62 
182 5596.5 117.3 196.7 9.9 .11 3.56 4.51 42.24 33.03 
133 4886.0 117.2 196.3 9.9 .09 2.12 3.70 40.26 33.12 
184 4172.0 115.7 196.1 9.8 .06 1 .26 2.66 38.30 32.84 
185 3356.5 115.5 195.5 9.9 .04 1 .07 2.64 35.74 30.92 
1S6 3153.5 115.8 195.3 9.8 .03 .88 2.29 32.49 31 .81 
187 3160.5 115.6 276.8 9.9 .02 .81 2.26 27.16 31.00 
188 3692.5 115.5 275.6 9.9 .03 .84 1 .94 29.72 33.90 
189 4399.5 116.5 275.9 9.9 .06 1 .47 2.85 33.11 33.16 
190 5120.5 117.2 276.2 9.9 .08 2.36 3.70 35.70 33.78 
191 5782.0 118.1 276.6 9.8 .10 3.61 5.07 38.33 34.05 
192 6412.0 118.8 277.7 9.8 .13 5.41 5.86 41 .04 33.51 
193 7080.5 119.4 278.3 9.8 .15 6.44 5.62 43.65 32.67 
194 7766.5 120.9 279.5 9.8 .19 9.46 6.26 47.00 31 .24 
1.5 8470.0 122.3 280.6 9.8 .22 13.81 6.69 49.76 29.97 
196 8771 .0 123.1 282.0 9.8 .24 15.93 5.57 51 .14 29.37 
197 3316.0 121.1 282.8 9.8 .2! 13.22 6.49 49.12 29.32 
198 7591 .5 120.2 283.5 9.8 .18 8.95 5.78 46.91 31 .10 
199 6367.0 118.6 283.8 9.3 . 14 6.32 5.47 44.41 32.00 
200 6160.0 117.5 284.3 9.8 .12 5.14 5.25 42.4^ 32.69 
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JAERI-~1 86-06li 

No SPEED CURRE Tg-in PRESS DIF.P D.FORu D.F口RlS.FIJRu. S.F口Rl
(rpm) 〈白〉 (deg) (atg) (ata) (k 9 f ) O:gf) (l gf) <k gf) 

151 4;;'71).0 119.2 197.1 19.9 .12 1.25 2.76 39.7:3 32.:39 
152 4991.0 121.3 197.3 19.8 .15 「ι.nu E J 3.49 43..31 3 、戸Lこ).58、

153 ~， 649 .0 122 .0 1'37. 1 1'3.8 .21 つJ.勺ιつd 4.51 47.30 32.49 
154 5293.0 124.4 195.7 19.8 .25 5.13 EJ .F乙、，己.， 52.73 31.35 
155 6947.5 127.5 195.4 19.7 .32 6.93 亡C，.78、 57.98 29.91 
155 7512.5 132.1 195.1 19.7 .一J、8、 10.96 コ.08 53.71 27 .82 
157 8141 .0 135.2 195.1 19.7 .44 16.28 5.44 67.20 25.55 
158 3137.5 135.4 195.1 19.7 .t'J4 16.10 5.60 57.21 25.60 
153 7864.5 132.2 195.3 19.7 .42 13.59 5.31 65.23 25.94 
150 7150.5 128.0196.3 19.7 、コJc、J 7.90 4.9(. :，9.51 28.63 
151 6429.5 123.7 195.3 19.7 .28 5.92 4.99 54.24 29.92 
162 5708.5 121 .3 195.9 19.7 .22 3.61 4.37 SO.55 31 . 11 
163 4980.5 i 18.8 195.3 19.8 .17 2.32 3.34 47.44 31.54 
15.lJ 4259. :， 118.3 195.9 19.8 .12 1.36 2.56 42.10 31.95 
155 3475.5 116.3 195.3 19.9 .08 1.33 2.G5 37.71 30.92 
155 3157.0 115.5 196.3 19.8 .05 .74 2.t'J4 35.54 31.55 
167 3157.0 116.3 196.1 9.8 .03 .90 2.26 28.85 31 .21 
158 316t'J.0 115.9 195.8 9.9 .03 .90 2.18 28.85 31 .15 
169 3815.0 115.5 195.5 9.9 .05 .90 1.93 33.02 34.30 
170 4543.0 117.3 195.5 9.9 .07 1.45 3.09 3:，.77 33.90 
171 5257.0 117.5 195.7 9.9 .10 2.53 4.31 38.23 34. i 0 
172 5897.5 118.ι197.5 9.8 .12 3.71 5.54 40.94 34.25 
173 6527.5 119.5 197.5 9.8 .15 5.81 5.I1J 43.82 33.48 
174 7192.5 121.5197.1 9.8 .18 7.04 5.8.lJ 45.82 32.89 
175 7889.0 122.0 1 %.4 9.7 .22 11.16 r;.39 50.60 30.85 
175 8589.0 123.8 195.1 9.7 .25 15.19 5.14 53.08 29.79 
177 8592.5 124.4 195.5 9.7 .27 16.42 5.91 53.08 29.44 
178 8494.5 123.8 195.8 9.7 .26 15.6巳 5.06 52.59 29.24 
179 7763.0 120.7 196.0 9.8 .22 10.54 5.57 49.81 30.15 
180 7045.5 119.3 196.5 9.8 .18 5.75 5.31 45.77 31 .90 
181 5321.0 119.3 196.5 9.9 .15 5.59 5.35 44.25 32.52 
182 5595.5 117.3 196.7 9.9 .11 3.55 4.51 42.24 33.03 
183 4886.0 117.2 196.3 9.9 .09 2.12 3.70 40.26 33.12 
184 4172.0 115.7 195.1 9.8 .05 1. 26 2.56 38.30 32.84 
185 3355.5 115.5 195.5 9.9 .04 1 .07 2.54 35.74 30.92 
185 3153.5 115.8 195.3 9.8 .03 .88 2.29 32.49 31.81 
187 3160.5 115.6 276.8 9.9 .02 .81 2.25 27.16 31.00 
188 3592.5 115.5 275.6 9.9 .03 .84 1. 94 29.72 33.90 
189 4399.5 116.5 275.9 9.9 .05 1.47 2.85 33.11 33. i 5 
190 5120.5 117.2 276.2 9.9 .08 2.35 3.70 35.70 33.78 
191 5782.0 118.1 275.5 9.8 .10 3.51 5.07 38.33 34.05 
19::: 5412.0 118.8 277.7 9.8 .13 5.41 5.85 41 .04 33.51 
193 7080.5 113.4 278.3 9.8 .15 6.44 5.62 43.5:， 32.57 
194 7755.5 120.9 279.5 9.8 .19 9.45 5.26 47.00 31.24 
1 ~，J 8470.0 122.3 280.5 9.8 .う』つ』 13.81 6.59 49.75 29.97 
ーJ

196 8771.0 123.1 282.0 9.8 .24 15.93 5.57 51 .14 29.37 
197 8316.0 121 . 1 282.8 9.8 .21 13.22 6.49 49.12 29.32 
198 7591.:-， 120.2 283.5 9.8 .18 8.95 5.78 45.91 31.10 
199 6367.0 118.5 283.8 9.8 .14 6.32 5.47 44.41 32.00 
200 5150.0 117.5 281， .3 9.8 .12 5.14 E J .乙F、5 42.4h 32.59 
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JALCRI-M 8 6 - 0 6 6 

No SPEED CURRE T g - m PRES 
(rpm) <fl> (degl > <atg 

201 5432.0 116.3 283.8 9.8 
202 4700.5 117.2 283.3 9.9 
203 3972.5 116.8 282.5 9.9 
204 3174.5 115.0 281.9 9,9 
205 3153.5 116.0 280.4 9.9 
206 3157.0 116.5 273.2 19.8 
207 3160.5 116.1 272.7 19.8 
208 3433,5 116.6 272.4 19.8 
209 4126.5 U7.7 272.7 19.8 
210 4861.5 119.1 273.3 19.8 
211 5540.5 120.4 274.6 19.8 
212 6167.0 122.4 276,2 19.8 
213 6328.5 125.5 278.2 19.7 
214 7500.5 127.9 279.9 19.7 
215 3193.5 131 '.9 281 .8 19.7 
216 8295.0 131.9 283.2 19.7 
217 7644.0 127.2 283.8 19.7 
218 6926.5 124.1 284.3 19.7 
219 6202.0 120.9 284.3 19.7 
220 5488.0 119.6 283.6 19,8 
221 4763.5 117.6 283.0 19.8 
222 4042.5 116.7 232.3 19.8 
223 3209.5 118.0 280.9 19.9 
224 3150.0 116.1 279.8 19.8 
225 3157.0 116.8 285.3 29.9 
226 3713.5 119.1 285.3 29.9 
227 4431 .0 120.1 286.4 29.9 
228 5148.5 122.4 287.8 29.3 
229 5789.0 125.8 289.2 29.8 
230 6419.0 130.9 290.7 29.8 
231 7037.5 133.7 292.1 29.8 
232 7773.5 140.8 293.1 29.7 
233 8043.0 142.8 293.5 29.7 
234 8043.0 142.5 294.1 29.7 
235 7322.0 135.5 293.6 29.7 
236 6608.0 129.4 292.0 29.7 
237 5873.0 125.0 291 .3 29.3 
238 5166.0 122.1 290.2 29.8 
239 443! .0 119.1 289.1 29.9 
240 3703.0 116.9 288.3 29.9 
241 3150.0 116.6 286.9 29.9 
242 3150.0 116.6 286.2 29.9 
243 3157.0 117.2 287.2 39.9 
244 3804.5 119.5 287.2 39.9 
245 4518.5 122.4 287.5 39.9 
246 5239.5 126.9 288.9 39.9 
247 5359.0 130.7 290.0 39.8 
248 6506.5 136.3 290.6 39.8 
249 7168.0 141.9 291.1 39.7 
250 7864.5 152.0 291 .8 33.7 

DIF.P D.FORLI D.F0R1 S.FORLL S .FORI 
(ata) <kgf) (Icgf) (kgf ) <kgf) 
.09 3.01 4.59 40.62 33.04 
.06 1 .92 3.02 J U . U -J 32.47 
.04 1 .23 1 .97 36.47 31 .89 
.02 .90 2.24 28.61 31.07 
.02 .77 2.32 28.01 n i re O l . b J 
.05 .89 2.08 31 .07 30.73 
.05 .92 2.04 30.95 31 .00 
.06 1.11 2.71 32.55 32.60 
.09 1 .23 2.11 37.65 
.13 1 .88 3.21 41 .02 
.17 3.15 4.31 45. ! 3 32.33 
.22 4.89 5.17 49.31 31 .39 
.27 6.86 6.04 53.65 29.92 
.32 9.31 5.68 58.18 28.98 
.38 15.36 5.94 62.42 26.42 
.39 16.42 5.63 63.16 25.93 
.34 1 1 .07 5.03 59.09 27.28 
.28 7.17 5.02 54.10 29.03 
.22 5.21 4,84 50.12 30.32 
.17 3.23 4.02 47.15 31 .10 
.13 2.18 2.85 44.31 31 .46 
.09 1 .34 2.03 39.67 31 .54 
.05 1 .07 2.14 32,43 30.21 
.05 .97 2.09 31 .61 30.77 
.07 .94 2.06 33.23 29.79 
.11 .87 1 .82 37.52 32.25 
. 15 1 .55 2.51 42.88 30.37 
.21 2.34 3.56 47.73 30.70 
.27 3.78 4.38 53.36 29,77 
.34 5.72 5.28 59.04 28.16 
.41 7.79 5,43 64.75 26.68 
.50 13.11 4.75 71 .45 24.17 
.53 16.39 4.42 73.97 22.80 
.53 16.39 4.35 74.01 23.09 
.44 9.79 4.67 67.43 25.33 
.36 6.79 5.14 60.49 26.56 
.29 4.42 4.07 55.29 23.41 
.22 2.72 3.21 51 .40 29.39 
.16 1.69 2.45 44.74 29.62 
.10 .86 1 .54 38.97 30.41 
.07 .97 2.06 33.08 29.68 
.07 .86 2.14 32.77 30.01 
.08 ,76 2.03 33.33 29.29 
.12 .93 1 .66 38.95 31 .07 
.18 1 .66 2.67 46.18 29.29 
.25 2.66 3.19 52.78 28.80 
.32 4.07 4.24 59,37 23. 1 6 
.39 6.22 5.14 66.52 25.95 
.47 8.96 4.66 74.05 25.01 
.57 15.51 3.40 81 .81 21 .10 
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No SPEED CURRE 
( rpm) (A) 

25! 7927.5 150.0 
252 7626.5 145.5 
OCT -"> 6895.0 137.5 
254 6195.0 131 .2 
255 5470.5 125.4 
25G 4742.5 122.5 
257 4007.5 119.5 
258 3216.5 117.0 
259 3150.0 117.3 
260 3157.0 117.4 

J A E R I - M 8 6 - 0 6 6 

Tg-in PRESS DIF.P D.FQRu 
(deg) <atg> <ata) (kgf> 

291 .8 39 .6 .58 16 .46 
291 .5 39 ,7 .54 13 .46 
291 .0 39 ,7 .44 7 .74 
290 . O 39 .8 .35 5 .36 
289 .3 39, ,3 .28 on 

. OO 289 .0 39 .8 .20 2 .21 
238, .4 39, .9 . 14 1 .26 
287. .7 39, ,9 .09 .98 
286, ,7 39, .9 ,08 ,81 
285, ,8 39, ,9 .08 .75 

D.F0R1 S.FORa S.F0R1 
(kgf) (kgf) ( k g f ) 
3.24 32.80 21 .00 
3.63 80.00 21 .84 
4.22 71 .37 24.60 
3.94 DO . JO 26.74 
3.26 5G.81 23.26 
2.71 50.02 29.93 
1 .82 42.33 30.16 
2.18 33.53 28.65 
2.06 32.33 29.42 
2.11 32.30 29.64 
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S.FORl 
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::: i .00 
21. SLj 
24.60 
2己.74
28.25 
2'3493 
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S.FIJRLi 
(k 9 f ) 

:32. :jO 
80.00 
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53.53 .j • ...).:.' 

55.81 
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ワワに勺
-.;0.、B、J
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D.F口Rl
(k 9 f ) 

3.24 
3.53 
4.22 
3.94 
3.25 
2.71 
1.82 
2.18 
2.05 
2.11 

o . FIJRI-L 
(k 90 
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PRESS 
(atg) 

39.6 
39.7 
39.7 
39.8 
39.8 
39.8 
39.9 
39.9 
39.9 
39.'3 

Tg-ln 
(deg> 

1 ':，0.0 291.8 
145.5 291.5 
137.5 291.0 
131.2 290.3 
125.4 289.8 
122.5 289.0 
119.5 288.4 
117.0 287.7 
117.3 286.7 
117.4 285.8 

CリRRE
(A) 

SPEED 
(rpm) 

7927.5 
7526.5 
6895.0 
5195.0 
5470.5 
4742.5 
4007.5 
3215.5 
3150.0 
3157.。

No 

251 
フ52
'")C ，..， 
ι:JJ 

2:)Lj 
255 
256 
257 
258 
259 
260 



No FLOW Tgout Tmo t 
(kg/s) (deg) (deg) 

1 .095 16.1 21 .9 
o .098 15.7 21 .8 
o .122 16.0 19.0 
4 .144 16.8 21 .8 
5 . 168 17.9 21 .1 
6 .186 19.4 21 .5 
7 .207 20.3 18.9 
8 .229 22.2 19.0 
9 .251 24.4 20.3 
10 .255 25.6 25.0 
11 .240 26.9 25.8 
12 .218 26.1 20.6 
13 .194 25.0 23.8 
14 .171 23.1 23.8 
15 .150 22.2 25.8 
16 .128 20.7 20.7 
17 . 100 19.9 23.5 
18 .096 19.3 24.0 
19 .182 17.7 20.6 
20 .195 17.9 21 .1 
21 .240 18.3 19.7 
22 .286 19.0 19.0 
23 .329 20.5 20.1 
24 .369 21 .7 20.7 
25 .409 23.3 19.7 
2b .451 25.2 23.7 
21 .480 27.0 20.1 
28 .479 28.5 26.6 
29 .451 28.8 19.4 
30 .406 27.3 22.2 
31 .359 25.8 24.1 
32 .314 24.7 24.0 
33 .269 23.1 25.7 
34 .224 22.1 22.9 
35 .181 20.7 24.0 
36 .181 20.0 23.9 
37 .111 18.9 20.9 
38 .110 18.7 20.6 
39 .132 13.9 19.6 
40 .161 19.7 17.8 
41 .192 20.3 20.9 
42 .220 21 .0 21 .4 
43 .247 22.0 20.3 
44 .277 23.5 24.6 
45 .303 24.8 27.3 
46 .309 26.2 19.0 
47 .309 27.3 19.4 
48 .303 27.7 21 .8 
49 .272 27.3 20.8 
50 .242 26.8 25.0 

J A E R I - M 8 6 - 0 6 6 

Tj.lo T j. up D.FORu 
(deg) (deg) (kgf) 
19.4 I7.4 .87 
17.5 13.5 .68 
17.9 15.4 1 .02 
19.4 14.7 1 O Q 

1 i J J 17.9 18.0 2.46 
19.4 18.3 4.06 
19.2 21 .3 6.82 
20.7 16.0 8.52 
21 .0 15.6 15.27 
20.9 16.2 16.12 
22.1 17.3 11 .29 
22.5 16.9 7.18 
21 .6 21 .6 5.07 
20.5 22.0 2.97 
20.3 24.1 1 .79 
20.3 23.3 1 .13 
21 .6 19.3 .86 
21 .0 20.6 .74 
19.5 18.6 .67 
19.0 18.4 .98 
19.4 20.3 1 .06 
20.1 14.1 1 .73 
19.4 21 .0 2.69 
19.6 19.4 4.34 
19.7 16.6 7.18 
21 . 1 23.8 10.56 
20.5 17.3 16.20 
22.6 26.0 15.83 
21 .5 16.8 10.62 
22.2 21 .8 6.96 
22.6 21 .5 4.26 
22.9 24.4 2.50 
21 .6 16.2 1 .55 
21 .8 20.3 1 .04 
22.1 20.6 .81 
21 .3 19.6 .71 
18.9 18.1 .86 
19.1 18.7 .84 
18.5 21 .8 1 .02 
19.7 14.5 1 .31 
18.8 15.8 2.03 
20.0 19.7 3.26 
19.9 20.3 5.16 
18.4 24.1 7.21 
22.2 15.5 14.57 
20.8 18.1 16.28 
21 .1 18.9 16.22 
21 .8 25.0 14.26 
24.4 18.5 7.19 
23.9 21 .5 5.32 

D.F0R1 S.FORu. S.FQR1 
(kgf) (kgf) (i-gf) 
1 .94 34.27 33.63 
2.32 35.1 0 33.43 
2.28 38.79 33.77 
3.43 41 .75 O j , DiL 
4.44 45.64 33.82 
5.39 48.92 33.41 
5.79 52.78 32.54 
5.35 57.09 31 .44 
5.46 61 .50 28.80 
5.42 62.07 28.29 
4.31 59.46 29.47 
5.32 54.35 30.82 
4.91 50.52 31 .95 
4.26 47.33 32.57 
3.51 44.54 32.62 
2.37 40.25 32.08 
2.28 36.38 31 .02 
1 .97 36.17 31 .59 
2.03 38.73 32.13 
2.23 40.60 33.56 
2.18 44.65 32.69 
2.91 49.93 31 .85 
3.63 56.22 31 .06 
4.53 63.25 29.67 
5.01 70.80 27.77 
4.33 79.05 25.78 
3.93 84.43 22.38 
3.99 84.53 22.05 
4.04 79.01 24.15 
4.64 70.06 26.78 
4.07 62.97 28.75 
3.54 56.16 29.81 
2.94 49.53 30.47 
1 .85 43.65 30.80 
1.92 38.99 30.62 
2.06 38.88 30.95 
1 .88 41 .09 31 .49 
1 .91 41 .09 31 .49 
1 .49 45.50 33.04 
2.54 51 .21 31 .16 
3.10 58.54 30.13 
3.84 66.94 28.73 
4.57 75.44 26.64 
4.49 84.87 24.20 
3.41 95.57 20.38 
3.11 97.38 19.18 
3.04 97.29 19.30 
3.24 95.43 19.74 
4.39 84.24 23.28 
4.16 74.19 25.80 
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卜10 FL01~ Tgout Tmot T J . 10 Tj・u.pD. FORu. D. FOR 1 S.F口Ru S.F口R1
(kg!s) (deg) (de'ヨ〉 <deg) <deq) ( kgf) (k gf) (k gf ) (k 9 f ) 

.035 16.1 21.9 19.4 17.4 .87 1.94 34.27 33.63 
F ι J .09[:: 15.7 21.8 17.5 18.5 .68 2.32 3':，.10 、つJ七、J、...，んJ守
つ、J .122 16.0 19.0 17.3 15.4 ， .02 2.28 38.79 33.77 
4 .144 16.8 21.8 19.4 14.7 1 .39 3.43 41 .7:， 勺、J勺3.9:ιて》
5 .168 17.9 21.1 17.9 18.0 2.46 4.44 45.64 3円.j.円OつL 

6 .186 19.4 21.5 19.4 18.3 4.06 5.39 4t:.92 33.41 
7 .207 20.3 18.9 19.2 21.3 6.82 5.79 52.78 32.54 

8 .229 22.2 ι 19.0 20.7 16.0 8.52 5.3:， 57.09 31 .44 
9 .251 24.4 20.3 21 .0 15.6 15.27 5.46 51.50 28. :30 

10 .255 25.6 25.0 20.9 16.2 16.12 :l.42 62.07 
rι、「O，.rι、eコ; 

11 .240 26.9 25.8 22.1 17.3 11.29 4.81 59.46 29.47 

12 .218 26.1 20.6 22.5 15.9 7.18 5.32 つ 54.35 30.82 

13 .194 25.0 23.8 21.6 21.6 5.07 4.91 50.52 31.9S 

14 .171 23.1 23.8 20.5 22.0 2.97 4.26 47.33 32.57 

15 .150 22.2 25.8 20.3 24.1 1 .79 3.51 44.54 32.62 
1巳 .128 20.7 20.7 20.3 23.3 1 . 13 2.37 L!0.25 32.08 

17 . 100 19.9 23.5 21.6 19.3 .86 2.28 36.38 31.02 

18 .096 19.3 2L!.0 21.0 20.6 .74 1 .97 36.17 31.53 

1'=1 .182 17.7 20.6 19.5 18.5 .67 2.03 38.78 32.18 

20 .195 17.9 21 .1 19.0 18.4 .98 2.23 L!0.50 33.56 

21 .240 18.3 19.7 19.4 20.3 1 .06 2.18 44.65 32.69 

22 .286 19.0 19.0 20.1 1 Lj . 1 1. 73 2.91 L!9.93 31.85 

23 .329 20.5 20.1 19.4 21.0 2.69 3.63 56.22 31 .06 

24 .369 21 .7 20.7 19.6 19.L! 4.3L! 4.53 ε3.25 29.巳7

25 .409 23.3 19.7 19.7 1 16.66.6 7 7.18.18 5 5.01.01 7 70.800.80 2 27.777.77 

2 266 • .451451 2 25.25.2 2 23.73.7 2 21.11.1 2 23.83.8 1 10.560.56 4 4.33.33 7 79.059.05 2 25.785.78 
2 277 • .480480 2 27.07.0 2 20.10.1 2 20.50.5 1 17.37.3 1 16.206.20 3 3.93.93 8 8LJ.434.43 2 22.382.38 
2 288 • .479479 2 28.58.5 2 26.66.5 2 22.62.5 2 26.06.0 1 15.835.83 3 3.99.95 8 8L!.534.53 2 22.052.05 
2 299 . .451451 2 28.88.8 1 19.49.4 2 21.51.5 1 16.86.8 1 10.620.62 4 L!.OL!.04 7 7'3.019.01 2 2L! . 154.15 

3 300 . .L!06405 2 27.37.3 2 22.22.2 2 22.22.2 2 21.81.8 6 6.96.96 4 L!.5L!.64 7 70.060.06 2 2(，.785.78 
3 311 • .359359 2 25.85.8 2 24.14.1 2 22.62.6 2 21.51.5 4 4.26.25 4 4.07.07 5 62.972.97 2 28.758.75 
3 322 . .314314 2 24.74.7 2 2L!.04.0 2 22.92.9 2 2L!.L!4.4 2 2.50.50 3 3.5L!.54 5 56.166.16 2 29.819.81 

3 333 • .269269 2 23.13.1 2 25.75.7 2 21.61.6 1 16.26.2 1 1. 55.55 2 2.94.94 4 49.539.53 3 30.470.47 
3 344 • .22L!224 2 22.12.1 2 22.92.9 2 21 .81.8 2 20.30.3 1 1 .OL!.04 1 1.85.85 4 L!3.653.65 3 30.800.80 

3 355 • .181181 2 20.70.7 2 24.04.O 2 22.12.1 2 20.60.6 • .8181 1 1. 92.92 3 38.998.99 3 30.620.62 
3 356 • .1811131 2 20.00.0 2 23.93.9 2 21.31.3 1ヨ..66 • .7171 2 2.06.06 3 38.888.88 3 30.950.95 
3 377 ‘111111 1 18.98.9 2 20.90.9 1 18.98.9 1 18.18.1 • .8686 1 1.88.88 4 L! 1 .091.09 3 31 .491.49 
38 . .110110 1 18.78.7 2 20.60.6 1 19.19.1 1 18.78.7 • .8484 1 1. 91.91 4 41.091.09 3 31 • L!91.49 
3 399 • .132132 1 18.93.9 1 19.69.G 1 18.58.5 2 21 .81.8 1 1.02.02 1 1. L!9.49 4 L!5.505.50 3 33.043.04 
4 L!O0 • .161161 1 19.79.7 1 17.87.8 1 19.79.7 1 1L!.54.5 1 1.31.31 2 2.5L!.54 5 51.211.21 3 31 .161.16 
4 411 ‘119292 2 20.30.3 2 20.90.9 1 18.813.8 1 15.85.8 2 2.03.03 3 3.10.10 5 58.548.54 3 30.130.13 

4 L!22 • .220220 2 21 .01.0 2 21 • L!1.4 2 20.00.0 1 19.79.7 3 3.26.26 3 3.84.84 6 66.946.94 2 28.738.73 
4 433 . .247247 2 22.02.0 2 20.30.3 1 19.99.9 2 20.30.3 5 5.16.16 4 4.57.57 7 75.445.44 2 26.6L!6.64 

4 L!L!4 • .277277 2 23.53.5 2 2L!.64.6 1 18.L!8.4 2 24. ，4.1 7 7.21.21 4 L!.LJ9.49 8 8LJ.874.87 2 2LJ.204.20 
4 LJ55 • .303303 2 24.84.8 2 27.37.3 2 22.22.2 1 15.55.5 1 14.574.57 3 3.41.41 9 95.575.57 2 20.380.38 
4 LJ55 • .309303 2 26.25.2 1 19.09.0 2 20.80.8 1 18.18.1 1 16.286.28 3 3.11.11 9 97.387.38 1 19.183.18 
4 477 • .309309 2 27.37.3 1 19.49.4 2 21.11.1 1 18.98.9 1 16.226.22 3 3.04.04 9 97.297.29 1 1 '3.30e3.30 
4 488 • .303303 2 27.77.7 2 21.81.8 2 21.81.8 2 25.05.0 1 14.264.26 3 3.24.24 3 95.435.43 1 19.745.74 

4 499 • .272272 2 27.37.3 2 20.80.8 2 24.44.4 1 18.58.5 7 7.19.19 4 4.39.39 8 84.244.24 勺L つU ・』28?Ru 

5 500 • .242242 2 25.85.8 2 25.05.0 2 23.93.9 2 21.51.5 5.32 4 4.16.16 7 74.194.19 2 2:1. f::O5.80 
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No FLOW Tgout Tmo t 
<kg/s) 1 (deg) (deg) 

51 1 | O 
. c 1 ̂  25.3 25.4 

52 , 1 82 25.2 27.7 
53 .150 24.3 25.4 
54 .113 23.7 24.4 
55 .106 no n 25.0 
56 .105 22 . 9 24.1 
57 .162 2K2 21 .2 
58 .162 21 .1 20.5 
59 .208 20.9 23.9 
60 .254 22.1 24.3 
61 .297 23.3 19.0 
62 .336 24.8 21 .5 
63 .373 26. 1 18.9 
64 .412 28.0 28.0 
65 .436 30.2 29.1 
66 .435 31 .7 30.2 
67 .436 31 .9 30.1 
68 .401 32.4 20.4 
69 .353 31 .1 25.3 
70 .317 29.8 24.3 
71 .270 28.9 25.3 
72 .229 27.9 28.7 
73 .179 26.4 23.9 
74 .160 26.1 25.5 
75 . 143 196.4 27.8 
76 ! 146 195.4 27.6 
77 ,191 195.8 24.7 
78 .231 196.9 25.5 
79 .272 197.3 27.6 
80 .310 198.7 27.3 
81 .346 199.5 30.2 
82 .383 200.5 25.7 
83 .417 201 .7 31 .7 
84 .419 202.0 27.9 
85 .414 202.4 31 .3 
86 .376 201 .7 34.6 
87 .333 200.8 31.9 
88 .293 199.7 30.1 
89 .252 198.7 31 .7 
90 .210 197.6 29.1 
91 .165 196.9 30.6 
92 .143 195.7 31 .5 
93 ,087 193.4 2C.7 
94 .088 193.7 27.3 
95 .102 193.7 27.3 
96 .136 194.2 23.5 
97 .167 196.3 26.2 
98 .196 198.1 28.1 
99 .219 200,4 27.8 
100 .246 203.6 25.2 

Tj.lo Tj . UP D.FORu 
(deg) (deg) (kgf) 
22.4 23,7 O , 1 j 
24.1 24.2 2.01 
23.9 19.4 1.14 
23.3 22.3 .77 
22.8 20.9 .87 
22.9 21 .8 .89 
19.5 18.8 .73 
19.7 19.9 .86 
20.7 O--) n 1 .01 
18.5 u's 1 .70 
19.7 20.8 2.36 
20.5 20.8 3.97 
18.9 23.6 6.46 
20.4 19.3 10.36 
23.6 15.7 16.47 
24.7 17.0 16.50 
25.3 16.8 15.74 
25,8 26.1 8.64 
24.1 22.3 5.85 
24.3 23.2 3.51 
25.3 25.6 2.26 
23.9 18.5 1 .34 
24.3 21 .0 1 .03 
23.6 21 .8 .82 
26,7 25,7 .75 
26.1 26.2 .75 
25.0 22.0 1 .05 
26.5 26,0 1 .73 
25.8 26.4 2.58 
26.9 26,4 4.09 
27.3 24.6 6.76 
28.6 24.4 10.22 
29.5 33.0 16.81 
30.5 29.9 16.31 
29.9 25.3 15.71 
30.2 26.4 8.84 
30.8 30.9 6.04 
30.5 30.9 3.71 
30.2 27.0 2.43 
31 .3 32.8 1 .47 
30.9 28.1 1 . ?2 
30.8 29.0 '.92 
26.0 25.6 .93 
25.8 24.8 .87 
26.6 27.7 1 .12 
26.0 29.7 1 .26 
25.5 24.1 ! .92 
26.2 27,6 2.91 
27.4 26.3 4.31 
28.1 24.7 6.45 

D.FQR1 S.FORu S.F0R1 
U.gf > (kgf > (kgf) 
3,64 65.04 27 .92 
2.78 56.67 29*19 
2 .24 49.44 29.89 
2 ,22 42.24 29.79 
?.'% 41 .16 30.62 
1 .93 41 .19 30.90 
1 .96 44.90 31 .16 
I . OO 44.81 31.12 
1 .89 54. 16 30.57 
2.49 64.35 28.06 
3.02 75.78 26.59 
3.64 87.65 24.17 
3.60 100.39 21 .40 
2.36 114.65 17.18 
1 .39 124.22 14.37 
1 .38 124.01 14.38 
1 .41 123.94 14.37 
2.55 110.53 17.95 
3.48 95.13 21 .91 
3.24 80.38 24.30 
2.62 69.02 26.27 
2.20 58.30 27.82 
2.07 48.04 28.39 
2.00 45.29 29.24 
2,26 37.84 28.59 
2.30 38.16 29.15 
1 .79 44.00 30.36 
2.83 49.26 29.47 
3.50 56.43 28.70 
4.24 63.26 28.00 
4.86 70.95 26.04 
4.49 79.48 24.72 
3.14 86.72 20.98 
3.13 86.67 21 .22 
3.14 86.22 21.42 
4.15 77.18 24.35 
4.25 68.60 26.10 
3.B8 60.96 28.06 
2.89 53.96 29.69 
2.20 47.51 30.32 
2.67 40.01 29.37 
2.12 36.91 30.06 
2.05 39.25 30.83 
2.11 39.30 30.83 
2.59 41 .96 32.35 
2.09 47.52 
2.92 54. 12 29.69 
n on 
vJ . O U 

62.05 28.12 
4.55 70.30 26.22 
4.63 79.30 24.20 

- 6 1 -

jAERI-M !:!6 u66 

No FLOW Tgout Tmot TJ.lo TJωD  .F 「JRu D .FDRl S .FORu s.FDRi 
(kg/s) <deg) <c:Jeg) (degl (degl O:gO OgO (kgi> (kgf) 

1
4
2
3
4
5
6
7
8
9
0
1
2
3
4
5
6
7
8
q
J
0
1
2
3
4
5
6
7
8
9
0
1
2
3
4
5
6
7
8
9
0
1
2
3
4
5
F
b
7
8
qプ
U

5
5
5
5
5
5
5
5
5
5
6
6
6
6『
b
6
5
6
r
b
7
7
7
7
7
7
7
7
7
6
7
8
8
8
8
8
8
8
8
8円
0
9
Q
J
Q
J
q
J
Q
J
Q，己
J
q
J
Q
J
Q
J
O
ー

2
2
0
3
6
5
2
2
3
4
7
6
3
2
6
5
6
1
Q
J
7
0
9
Q
J
0
3
6
1
1
2
0
6
3
7
-
3
4
6
3
3
2
0
5
3
7
8
2
F
b
7「
D
q
J
6

1
0
U
5
4
l
o
o
p
b
6
0
5
q
J
3
7
1
3
3
3
0
5
1
7
2
7
6
4
4
q
J
3
7
1
4
8
1
1
1
7
3
9
5
1
6
4
8
0
U
0
3
5
9
1
4
 

2
1
1
1
1
1
1
1
2
2
2
3
3
4
.
4
4
4
4
3
3
2
2
1
1
1
6
1
6
1
2
2
3
3
3
4
4
4
3
3
2
2
2
1
1
0
0
1
1
1
1
2
2
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2
3
7
0
u
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J
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3
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0
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G
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1
4
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0
u
q
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0
4
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7
6
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4
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7
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3
1
4
6

••••••.. 

，
 
••.•••..••••.••••.•.•..••••••.•.••••.•.•• 

5
5
4
3
2
2
1
1
0
2
3
4
6
8
0
1
1
2
1
9
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6
5
5
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7
8
q
J
0
1
2
2
1
0
q
J
8
7
6
5
3
3
3
4
6
8
0
3
 

2
2
2
2
2
2
2
2
2
2
2
2
2
2
3
3
3
3
3
2
2
2
2
2
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9
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9
9
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9
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1
Q
J
3
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9
5
7
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9
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7
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1
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9
3
F
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7
1
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5
8
Q
J
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1
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1. 22 
.92 
.93 
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JAERI-

Mo FLON Tgoat Tmo t Tj.lo 
<kg/s) (deg) (deg) (deg) 

101 .272 206.8 35.7 30.2 
102 .294 210.2 33.9 29.1 
103 .292 212.2 32.9 33.3 
104 .291 212.9 34.4 31 .4 
105 .262 212.3 30.9 35.3 
106 . 233 210.5 39.0 35.4 
107 .204 207.3 36.1 35.1 
108 .174 204.9 34.2 34.9 
109 . 144 202.6 36.1 34.0 
110 .109 200.8 38.6 34.9 
111 .085 139.0 35.6 34.6 
112 .086 198.1 35.7 33.6 
113 .022 193.6 30.2 23.4 
1 14 .042 193.2 23.1 28.4 
! 15 .076 194.5 32.9 29.3 
116 .103 196.0 26.3 28.9 
117 .125 198.9 31 .4 28.2 
118 .143 202.2 30.7 29.6 
119 .163 205.9 27.0 30.0 
120 .181 211 .1 38.4 33.3 
121 .202 216.9 36.6 30.7 
122 .200 220.9 32.8 33.5 
123 .186 222.3 39.0 35.4 
124 .165 220.5 36.4 36.8 
125 .144 217.3 38.8 37.3 
126 .116 213.5 39.8 38.6 
127 .099 210.3 37.3 38.8 
128 .073 206.9 39.8 37.2 
129 .022 204.0 39.8 37.2 
130 .015 201 .7 38.6 36.7 
131 .247 195.5 26.6 25.2 
132 .248 195.6 27.4 25.5 
133 .309 196.0 25.9 24.5 
134 .371 197.4 30.0 24.5 
135 .431 198.9 26.3 25.9 
136 .482 199.6 27.0 25.9 
137 .538 200.8 25.9 25.5 
138 .598 201 .5 28.5 25.9 
139 .657 203.3 27.8 27.0 
140 .657 204.4 31 .8 28.2 
141 .617 204.4 35.1 30.4 
142 .555 203.7 34.0 30.7 
143 .493 202.2 31 .8 30.7 
144 .431 201.0 33.1 30.6 
145 .369 199.5 34.6 29.5 
146 .308 198.5 29.3 29.3 
147 .244 197.4 31 .7 29.9 
148 .244 196.3 31 .4 29.6 
149 .166 195.3 27.1 25.0 
150 .186 194.9 26.4 25.0 

86-066 

T j . up D.FQRu D.F0R1 S.FORu S.F0R1 
(deg) (kgf) (kgf) (kgf) (kgf) 
33.5 10.86 3.34 88.79 21 .22 
35.4 16.42 2.22 95.64 18.22 
27.0 16.34 2.26 95.50 18.44 
35.8 15.50 2.29 94.40 18.61 
33.1 9.27 3.61 84.36 22.26 
35.4 6.12 4.25 74.21 24.22 
34.3 3.91 3.57 65.54 26.29 
37.1 2.42 2.99 57.68 27.99 
35.1 1 .56 2.38 50.27 29.25 
30.2 .97 1 .60 42.28 29.03 
32.7 .89 2.14 36.83 29.45 
31.4 .87 2.07 36.83 29.99 
27.9 .85 1 .99 38.95 30.82 
26.4 1 .01 2.62 41 .58 32.28 
25.5 1 .14 2.19 48.20 30.37 
24.7 1 .85 2.91 55.09 29.44 
29.1 2.77 3.64 63.56 27.72 
29.1 4.15 4.28 72.03 25.80 
28.3 6.20 4.42 80.86 23.68 
37.1 10.54 3.07 91 .11 20.48 
33.8 16.90 7.17 100.89 19.49 
38.8 16.30 7.43 100.86 19.65 
31.8 11.88 5.40 93.24 21 .05 
34.6 6.60 3.81 82.22 22.89 
38.1 4.82 3.72 72.46 25.73 
34.3 3.01 3.16 63.25 27.60 
33.3 2.02 2.54 55.03 29.23 
38.0 1 .14 1 .86 47.05 29.82 
35.4 .75 2.41 37.20 28.44 
34.9 .87 2.16 36.33 29.68 
25.1 .77 2.31 37.79 32.57 
24.7 .95 2.14 37.86 32.59 
23.6 1 .04 1 .81 42.19 32.93 
21.8 1 .85 2.62 46.56 31 .24 
27.6 2.70 3.53 52.86 30.65 
26.1 4.14 4.28 59.06 29.62 
29.9 6.43 5.26 65.71 27.55 
30.2 9.28 4.94 73.31 25.84 
27.3 16.22 4.02 81.09 21 .76 
31 .6 16.51 3.85 81 .15 21 .96 
33.8 11 .52 4.36 76.56 23.83 
30.5 7.21 4.91 68.13 25.98 
29.8 4.81 4.13 61 .01 28.11 
30.2 2.91 3.46 54.93 29.52 
26.5 1.83 2.59 48.16 30.48 
26.7 1 .08 1 .89 43.21 31 .00 
27.0 .77 2.34 36.86 30.56 
28.1 .89 2.23 36.51 31 .05 
24.7 .96 2.22 33.33 31 .12 
26.1 1 .22 2.83 36.28 33.53 
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JAERI-M 86-066 

i'J，コ FLOW T gO'-lt Tmot T j . 10 TJ・tlP D. F口RuD.FORl S.FORli S.FORl 
(kg/s) (deg) (deg) (deg) (deg) (k gO  (k gO  (kgf) (kgf) 

101 .272 206.8 35.7 30.2 33.5 10. :35 3.34 88.79 21.22 

102 .294 210.2 33.9 29.1 35.4 15.42 2.22 95.54 18.22 

103 .292 212.2 32.9 33.3 27.0 16.34 2.26 95.50 18.44 

104 .291 212.9 34.4 31.4 35.8 15.50 2.29 94.40 18.61 

105 .262 212.3 30.9 35.3 33.1 9.27 3.51 84.36 22.26 

106 .FL ，「J、勺J 210.5 39.0 35.4 35.4 6.12 4.25 74.21 24.22 

107 .204 207.3 36.1 35.1 34.3 3.91 3.57 55.54 25.29 

108 .174 204.9 34.2 34.9 37.1 2.42 2.99 57.68 27.99 

109 .144 202.6 36.1 34.0 35.1 1.56 2.38 50.27 29.25 

110 .103 200.8 38.6 34.9 30.2 .97 1 .60 42.28 29.03 

111 .085 i99.0 35.6 34.6 32.7 .89 2.14 36.88 29.45 

112 .086 198.1 35.7 33.6 31 . q .87 2.07 36.83 29.99 

113 .022 193.6 30.2 28.4 27.9 .85 1. 99 38.95 30.82 
114 .042 193.2 29.1 28.4 26.4 1 .01 2.62 41.58 32.28 

! 15 .076 194.5 32.9 29.3 25.S 1. 14 2.19 48.20 30.37 

115 .103 196.0 26.3 28.9 24.7 1.85 2.91 55.09 29.44 

1 i 7 .125 198.9 31.4 28.2 29.1 2.77 3.64 63.56 27.72 

118 .143 202.2 30.7 29.5 29.1 4.15 4.28 72 .03 25.80 

119 .163 205.9 27.0 30.0 28.3 6.20 4.42 80.86 23.68 

120 .181 211.1 38.4 つ、J、つJ.、つJ 37.1 10.54 3.07 91.11 20.48 

121 .202 216.9 36.6 30.7 33.8 16.90 7.17 100.89 19.49 

122 .200 220.9 32.8 つ、Jつ、J.に、J 38.8 16.30 7.43 100.86 19.65 

123 .186 222.3 39.0 35.4 31.8 11.88 5.40 93.24 21.05 

124 .165 220.5 36.4 36.8 34.6 6.60 3.81 82.22 22.89 

125 .144 217.3 38.8 37.3 38. I 4.82 3.72 72.46 25.73 

126 .116 213.5 39.8 38.6 34.3 3.01 3.16 63.25 27.60 

127 .099 210.3 37.3 38.8 33.3 2.02 2.54 55.03 29.23 

128 .073 206.9 39.8 37.2 38.0 1 .14 1.86 47.05 29.82 

129 .022 204.0 39.8 37.2 35.4 .75 2.41 37.20 28.44 

130 .015 201 .7 38.6 36.7 34.9 .87 2.16 36.33 29.68 

131 .247 195.5 26.6 25.2 2S.1 .77 2.31 37.79 32.57 
132 .248 195.6 27 .4 25.5 24.7 .95 2.14 37.86 32.59 
133 .309 196.0 25.9 24.5 23.6 1. 04 1 .81 42.19 32.93 
134 .371 197.4 30.0 24.:1 21.8 1.85 2.62 46.55 31.24 

135 .431 198.9 26.3 25.9 27.6 2.70 3.53 52.86 30.65 
136 .482 199.6 27.0 25.9 26.1 4.14 4.28 59.06 29.62 
137 .538 200.8 25.9 25.5 29.9 6.43 5.26 65.71 27.55 
138 .598 201 .5 28.5 25.9 30.2 9.28 4.94 73.31 25.84 
139 .657 203.3 27.8 27.0 27.3 16.22 4.02 81.09 21.76 
140 .657 204.4 31.8 28.2 31.6 16.51 3.85 81.15 21.96 
141 .617 204.4 35.1 30.4 33.8 11.52 4.36 76.56 23.83 
142 ，')55 203.7 34.0 30.7 30.5 7.21 4.91 68.13 25.98 
143 .493 202.2 31.8 30.7 29.8 4.81 4.13 61.01 28.11 
144 .431 201.0 33.1 30.5 30.2 2.91 3.46 54.93 29.52 
145 .369 199.5 34.6 29.5 26.5 1. 83 2.59 48.16 30.48 
146 .308 198.5 29.3 29.3 26.7 1 .08 1.89 43.21 31.00 
147 .244 197.4 31 .7 29.9 27.0 .77 2.34 36.86 30.56 
148 .244 196.3 31.4 29.6 28.1 .89 2.23 36.51 31 .05 

149 .166 195.3 27.1 25.0 24.7 .96 2.22 つ、J つ~， .、守J勺、J 31.12 

150 .186 194.9 26.4 25.0 26.1 1.22 2.83 36.28 勺、JぺJ.EJJ 古
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JAERI-M 86-066 

No FLOW Tgout Tmot Tj.lo 
(kg/s) | 'deg) (deg) (deg) 

151 .227 195.7 29.0 26.0 
152 .269 197.0 25.5 25.5 
153 .309 198.2 28.6 25.3 
154 .346 199.6 27.7 25.5 
155 .383 200.8 27.9 26.7 
156 .420 201 .9 31 .5 27.9 
157 .453 203.8 29.7 26.7 
158 .452 204.6 32.7 27.6 
159 .436 205.5 33.2 29.9 
160 .396 204.7 34.0 28.1 
161 .354 203.2 32.1 30.3 
162 .312 202.1 32.1 29.9 
163 .270 200.3 30.7 29.2 
164 .229 199.2 31 .0 31 .0 
165 .184 198.1 31 .0 30.3 
166 .164 197.0 31 .7 29.2 
167 .089 192.4 28.2 25.3 
168 .088 192.0 27.9 25.0 
169 .105 192.0 27.6 23.9 
170 .127 192.9 31 .0 24.1 
U] .146 193.7 30.3 25.8 
172 .165 195.7 29.0 25.3 
173 .185 197.5 27.9 25.7 
174 .204 199.0 27.1 26.7 
175 .225 200.8 29.7 27.5 
176 .245 202.3 27.9 27.5 
177 .246 203.2 29.6 27.0 
178 .242 204.6 29.0 28.7 
179 .223 204.4 31 .8 29.6 
180 .201 203.8 34.2 28.7 
181 .180 202.7 30.9 29.0 
182 .158 201 .4 30.7 28.5 
183 .137 199.9 35.4 29.2 
184 .116 199.0 29.7 29.0 
185 .093 197.7 31 .7 29.2 
186 .085 196.7 33.0 28.6 
187 .073 271 .8 31 .7 28.4 
188 .086 270.6 31 .8 27.4 
189 .104 271.2 34.4 28.2 
190 .124 271 .6 31 .8 27.0 
191 .140 272.7 32.9 27.4 
192 .156 274.5 31 .6 28.3 
193 .174 275.9 28.5 29.3 
194 .191 278.4 34.4 30.0 
195 .208 281 .0 31 .2 29.8 
196 .217 283.8 31 .5 29.3 
197 .206 235.9 34.5 29.7 
198 .187 286.5 31 .7 30.9 
199 .168 286.0 32.7 31 .9 
200 .150 285.1 34.0 31 .4 

Tj .up D.FORa D.F0R1 S.FORLL S.FORl 
(deg) <kgf) (kgf) (kgf) (kgf) 
28.7 1 .25 2.76 39.73 32.89 
27.0 2.05 3.49 43.31 32.58 
23.5 3.23 4.61 47.80 32.49 
26.7 5.13 5.22 52.73 31 .36 
26.0 6.93 5.78 57.98 29.91 
26.0 10.96 5.08 63.71 27.82 
29.0 16.28 5.44 67.20 25.65 
26.2 16.10 5.60 67.21 25.60 
32.3 13.59 5.31 65.23 25.94 
25.5 7.90 4.96 59.51 28.63 
29.6 5.92 4.99 54.24 29.92 
28.8 3.61 4.37 50.66 31 .11 
24.8 2.32 3.34 47.44 31 .54 
32.1 1 .36 2.66 42.10 31 .95 
30.7 J .33 2.66 37.71 30.92 
28.1 .74 2.44 35.54 31 .65 
24.8 .90 2.26 28.85 31 .21 
24.7 .90 2.18 28.85 31 .16 
24.7 .90 1 .93 33.02 34.30 
20.8 1 .46 3.09 35.77 33.90 
25.5 2.53 4.31 38.23 34.10 
25.3 3.71 5.54 40.94 34.25 
23.5 5.81 6.09 43.82 33.48 
27.1 7.04 5.84 46.82 32.89 
30,5 11.16 6.39 50.60 30.85 
26.4 16.19 6.14 53.08 29.79 
25.7 16.42 5.91 53.08 29.44 
26.1 15.66 6.06 52.59 29.24 
24.2 10.54 5.57 49.81 30.16 
28.0 6.76 5.31 46.77 31 .90 
27.3 5.59 5.35 44.25 32.62 
30.4 3.56 4.51 42.24 33.03 
32.2 2.12 3.70 40.26 33.12 
31 .2 1 .26 2.66 38.30 32.84 
25.2 1 .07 2.64 35.74 30.92 
25.7 .88 2.29 32.49 31 .81 
27.3 .81 2.26 27.16 31 .00 
28.2 .84 1 .94 29.72 33.90 
28.9 1.47 2.85 33.11 33.16 
25.3 2.36 3.70 35.70 33.78 
26.3 3.61 5.07 38.33 34.05 
26.4 5.41 5.86 41 .04 33.51 
26.7 6.44 5.62 43.65 32.67 
24.6 9.46 6.26 47.00 31 .24 
27.7 13.81 6.69 49.76 29.97 
30.2 15.93 5.57 51 .14 29.37 
30.7 13.22 6.49 49.12 29.32 
34.6 8.95 5.78 46.91 31 .10 
30.4 6.32 5.47 44.41 32.00 
30.2 5.14 5.25 42.44 32.69 
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JAERI-M 86-066 

No FL口ω Tgotlt Tmot Tj ・10 Tj.up D.FORu D.FOR1 S.FORLL S.FOR1 
<kg/s) Ideg) (deg) <deg) (deg) (k gO <k gO (kgfl (k 9 f ) 

151 .227 195.7 29.0 25‘O 28.7 1.25 2.76 39.78 32.89 

152 .259 197.0 25.5 25.5 27.0 「ι.05 3.49 43.31 3よ.58

153 .309 198.2 28.5 25.3 23.5 3.23 4.61 47.80 32.4'3 

154 .345 199.5 27.7 25.5 25.7 5.13 5.勺ι勺ι 52.73 31 .35 

155 .383 200.8 27.9 26.7 26.0 5.93 5.78 57.98 29.91 

156 .420 201 .9 31.5 27.9 25.0 10.95 5.08 53.71 27.82 

157 .453 203.8 29.7 25.7 29.0 15.28 5.44 67.20 25.55 
158 .452 204.6 32.7 27.5 26.2 15.10 5.50 67.21 25.60 

159 .436 205.5 33.2 29.9 32.8 13.59 5.31 55.23 25.94 

150 .396 204.7 34.0 28.1 25.5 7.90 4.95 59.51 28.53 

161 .354 203.2 32.1 30.3 29.5 5.92 4.99 54.24 29.92 

152 .312 202.1 32.1 29.9 28.8 3.51 4.37 50.55 31 . 11 

153 .270 200.3 30.7 29.2 24.8 2.32 3.34 47.44 31.54 
154 .229 199.2 31 .0 31.0 32.1 1.35 2.55 42.10 31.95 

155 .184 198.1 31.0 30，3 30.7 1.33 2.55 37.71 30.92 

156 .164 197.0 31 .7 29.2 28.1 .74 2.44 35.54 31 .55 

157 .089 192.4 28.2 25.3 24.8 .90 2.26 28.85 31.21 

158 .088 192.0 27.9 25.0 24.7 .90 2.18 28.85 31.15 

159 .105 192.0 27.5 23.9 24.7 .90 1.93 33.02 34.30 

170 .127 192.9 31 .0 24.1 20.8 1.46 3.09 35.77 33.90 

171 .145 193.7 30.3 25.8 25.5 2.53 4.31 38.23 34.10 

172 .155 195.7 29.0 25.3 25.3 3.71 5.54 40.94 34.25 

173 .185 197.5 27.9 25.7 23.5 5.81 5.09 43.82 33.48 

174 .204 199.0 27.1 25.7 27.1 7.04 5.84 46.82 32.89 

175 .225 200.8 29.7 27.5 30.5 11.16 6.39 50.60 30.85 

176 .245 202.3 27.9 27.5 26.4 16.19 6.14 53.08 29.79 

177 .246 203.2 29.6 27.0 25.7 16.42 5.91 53.08 29.44 

178 .242 204.6 29.0 28.7 26.1 15.56 6.06 52.59 29.24 

179 .223 204.4 31.8 29.6 24.2 10.54 5.57 49.81 30.16 

180 .201 203.8 34.2 28.7 28.0 6.76 5.31 46.77 31 .90 

181 .180 202.7 30.9 29.0 27.3 5.59 5.35 44.25 32.62 

182 .158 201 .4 30.7 28.5 30.4 3.56 4.51 42.24 33.03 

183 .137 199.9 35.4 29.2 32.2 2.12 3.70 40.25 33.12 

1811 . 116 199.0 29.7 29.0 31.2 1.26 2.66 38.30 32.84 

185 .093 197.7 31.7 29.2 25.2 1 .07 2.64 35.74 30.92 

185 .085 196.7 33.0 28.6 25.7 .88 2.29 32.49 31.81 

187 .073 271.8 31.7 28.4 27.3 .81 2.26 27.16 31 .00 

188 ‘086 270.6 31.8 27.4 28.2 .84 1.94 29.72 33.90 

189 .104 271 .2 34.4 28.2 28.9 1. 47 2.85 33.11 33.16 

190 .124 271 .6 31 .8 27.0 25.3 2.36 3.70 35.70 33.78 

191 .140 272.7 32.9 27.4 26.3 3.61 5.07 38.33 34.05 

192 .156 274.5 31 .6 28.3 26.4 5.41 5.86 41.04 33.51 

193 .174 275.9 28.5 29.3 26.7 6.44 5.62 43.65 32.67 

194 .191 278.4 34.4 30.0 24.6 9.46 6.26 47.00 31.24 

195 .208 281 .0 31.2 29.8 27.7 13.81 6.59 49.76 29.97 

195 .217 283.8 31.5 29.3 30.2 15.93 5.57 51 .14 29.37 

197 .205 285.9 34.5 29.7 30.7 13.22 6.49 49.12 ι勺 Gコ. 、つJ司乙

198 .187 286.5 31 .7 30.9 34.6 8.95 5.78 46.91 31.10 

199 .158 286.0 32.7 31 .9 30.4 6.32 5.47 44.41 32.00 
200 .150 285.1 34.0 31.4 30.2 5.14 5.25 42.44 32.69 

63-



J A E R I - M 8 6 - 0 6 6 

No FLOW Tgout Tmo t Tj.io 
(kg/s! > (deg) (deg) (deg) 

201 . 133 283.8 32.3 30.9 
202 .114 283.0 33.6 30.7 
203 .096 281 .5 32.8 30.7 
204 .075 279.7 34.7 31 .0 
205 .074 277.9 34.7 31 .0 
206 .142 269.2 30.6 28.4 
207 .143 268.8 30.8 27.9 
208 .154 268.2 30.5 27.6 
209 .189 268.3 29.8 28.3 
210 .225 270.1 32.9 28.2 
211 .259 271 .4 28.3 28.3 
212 .291 274.4 29.3 27.4 
213 .322 277.5 27.3 29.1 
214 .355 279.9 29.4 30.2 
215 .388 283.9 32.8 29.5 
216 .396 287.5 33.9 30.6 
217 .367 288.4 29.0 30.5 
218 .328 288.6 30.3 32.5 
219 .294 288.0 32.8 32.5 
220 .258 286.5 35.1 32.5 
221 .222 284.7 36.9 31 .1 
222 .187 283.4 36.6 32.2 
223 .146 281 .7 33.4 31.5 
224 .141 279.8 34.5 31 .1 
225 .209 281 .4 30.2 27.6 
226 .248 281 .7 30.5 28.3 
227 .301 282.8 31 .6 26.8 
228 .354 285.3 29.8 27.9 
229 .401 287.8 29.0 28.3 
230 .446 290.3 29.0 29.4 
231 .496 293.1 34.2 29.0 
232 .543 296.4 31 .9 30.2 
233 .565 299.2 35.3 30.9 
234 .564 300.8 33.7 33.7 
235 .512 300.4 30.7 34.3 
236 .461 298.8 36.3 33.7 
237 .410 296.7 34.5 33.7 
238 .357 294.5 37.0 34.9 
239 .304 292.0 35.6 33.7 
240 .251 290.1 35.4 33.2 
241 .208 288.3 35.1 33.2 
242 .208 286.5 34.3 32.5 
243 .205 285.7 31 .0 28.7 
244 .252 285.7 31 .0 29.1 
245 .306 286.8 33.1 28.0 
246 .362 288.6 29.5 28.7 
247 .410 290.0 29.5 29.5 
248 .460 292.4 29.0 30.1 
249 .510 294.3 33.9 30.6 
250 .560 296.5 29.5 32.0 

T J . LLP D.FORu D.F0R1 S.FORLL S.FOR 1 
(deg) <kgf ) <kgf) (kgf) (kgf) 
28.2 3.01 4.59 40.62 33.04 
33.1 1 .92 3.02 38.83 32.47 
26.7 1 .23 1 .97 36.47 31 .83 
30.1 .90 2.24 28.61 31 .07 
28.6 .77 2.32 28.01 31 .65 
27.2 .89 2.08 31 .07 30.73 
26.8 .92 2.04 30.95 31 .00 
28.3 1.11 2.71 32.55 32.60 
27.9 1.23 2.1 1 37.65 33.22 
28.9 1.83 3.21 41 .02 32.75 
25.7 3.15 4.31 45.13 32.33 
27.9 4.89 5.17 49.31 31 .39 
28.4 6.36 6.04 53.65 29.92 
31 .3 9.31 5.68 58.18 28.98 
27.3 15.36 5.94 62.42 26.42 
32.1 16.42 5.63 63.16 25.93 
33.6 11 .07 5.03 59.09 27.28 
27.6 7.17 5.02 54.10 29.03 
31 .2 5.21 4.84 50.12 30.32 
31 .6 3.23 4.02 47.15 31 .10 
31 .5 2.18 2.85 44.31 31 .46 
27.6 1 .34 2.03 39.67 31 .54 
29.9 1 .07 2.14 32.48 30.21 
29.9 .97 2.09 31 .61 30.77 
26.3 .94 2.06 33.23 29.79 
24.9 .87 1 .82 37.52 32.25 
31 .7 1 .55 2.51 42.88 30.37 
28.0 2.34 3.56 47.79 30.70 
29.1 3.78 4.38 53.36 29.77 
28.0 5.72 5.28 59.04 28.16 
26.9 7.79 5.43 64.75 26.68 
26.4 13.11 4.75 71 .45 24.17 
33.8 16.39 4.42 73.97 22.80 
28.5 16.39 4.35 74.01 23.09 
30.7 9.79 4.67 67.43 25.33 
31 .1 6.79 5.14 60.49 26.56 
33.0 4.42 4.07 55.29 28.41 
30.3 2.72 3.21 51 .40 29.39 
29.9 1.69 2.45 44.74 29.62 
34.7 .86 1 .54 38.97 30.41 
31 .7 .97 2.06 33.08 29.68 
30.7 .86 2.14 32.77 30.01 
27.5 .76 2.03 33.33 29.29 
27.1 .93 1 .66 38.95 31 .07 
26.3 1 .66 2.67 46.18 29.29 
32.5 2.66 3.19 52.78 28.80 
28.9 4.07 4.24 59.37 28.16 
29.1 6.22 5.14 66.52 25.95 
28.7 8.96 4.66 74.05 25.01 
33.1 15.51 3.40 81 .81 21 .10 

6 4 -

JAER[-M 86-0o6 

No FLOW T gout Tmot Tj.lo TJ・llP D. FORu D. FOR 1 S.F口Ru S.F口Rl
<kg/s) (deg) (deg) (deg) (deg) (k 9 f ) (k gO  (k 9 f ) (k 9 fl 

201 .133 283.8 32.3 30.9 28.2 3.01 4.59 40.62 33.04 
202 .114 283.0 33.5 30.7 つvvつ.1 1.92 、つ3.0勺ι 38.83 32.47 
203 .096 281.5 32.8 30.7 25.7 1.23 1.97 36.47 31 .8'3 
204 .075 279.7 34.7 31 .0 30.1 .90 2.24 28.51 31 .07 
205 .074 277.9 34.7 31 .0 28.5 .77 2.32 28.01 31.55 
206 .142 259.2 30.5 28.4 27.2 .89 2.08 31 .07 30.73 
207 .143 268.8 30.8 27.9 26.8 .92 2.04 30.35 31 .00 
208 .154 268.2 30.5 27.6 28.3 1.11 2.71 32.55 32.60 
209 .189 268.8 29.8 28.3 27 .9 1.23 2.11 37.55 33.22 
210 .225 270.1 32.9 28.2 28.9 1.88 3.21 41.02 32.75 
211 .259 271.4 28.3 28.3 25.7 3.15 4.31 45.13 32.33 
212 .291 274.4 29.3 27.4 27.9 4.89 5.17 49.31 31.39 
213 .322 277 .5 27.3 29.1 28.4 5.85 6.04 53.55 29.'32 
214 .3::5 279.9 29.4 30.2 31.3 9.31 5.58 58.18 28.98 
215 .388 283.9 32.8 29.5 27.3 15.36 5.'34 62.42 25.42 
216 .396 287.5 33.9 30.6 32.1 15.42 5.53 63.16 25.93 
217 .367 288.4 29.0 30.5 33.6 11 .07 5.03 59.09 27.28 
218 .328 288.6 30.3 32.5 27.5 7.17 5.02 54.10 29.03 
219 .294 288.0 32.8 32.5 31.2 5.21 4.84 50.12 30.32 
220 .258 286.5 35.1 32.5 31.6 3.23 4.02 47.15 31 .10 
221 .222 284.7 35.9 31.1 31.5 2.18 2.85 44.31 31.45 
222 .187 283.4 36.6 32.2 27.6 1. 34 2.03 39.巳7 31 .54 
223 .146 281 .7 33.4 31.5 29.9 1 .07 2.14 32.48 30.21 
224 .141 279.8 34.5 31 . 1 29.9 .97 2.09 31 .51 30.77 

225 .209 281.4 30.2 27.5 26.3 .94 2.06 33.23 29.79 
225 .248 281 .7 30.5 28.3 24.9 .87 1. 82 37.52 32.25 
227 .301 282.8 31.5 25.8 31.7 1.55 2.51 42.88 30.37 
228 .354 285.3 29.8 27.9 28.0 2.34 3.55 47.79 30.70 
229 .401 287.8 29.0 28.3 29.1 3.78 4.38 53.35 29.77 

230 .445 290.3 29.0 29.4 28.0 5.72 5.28 59.04 28.15 
231 .496 293.1 34.2 29.0 26.9 7.79 5.43 54.75 26.68 
232 .543 296.4 31.9 30.2 26.4 13.11 4.75 71 .45 24.17 
233 .555 299.2 35.3 30.9 33.8 16.39 4.42 73.97 22.80 
234 .554 300.8 33.7 33.7 28.5 15.39 4.35 74.01 23.09 

235 .512 300.4 30.7 34.3 30.7 9.79 4.67 57.43 25.33 

236 .461 298.8 35.3 33.7 31.1 5.79 5.14 50.49 25.55 
237 .410 296.7 34.5 33.7 33.0 4.42 4.07 55.29 28.41 
238 .357 294.5 37.0 34.9 30.3 2.72 3.21 51 .40 29.39 

239 .304 292.0 35.6 33.7 29.9 1.59 2.45 44.74 29.52 

240 .251 290.1 35.4 33.2 34.7 .86 1. 54 38.97 30.41 

241 .208 288.3 35.1 33.2 31.7 .97 2.05 33.08 29.68 
242 .208 285.5 34.3 32.5 30.7 .85 2.14 32.77 30.01 
243 .205 285.7 31 .0 28.7 27.5 .76 2.03 33.33 29.29 
244 .252 285.7 31 .0 29. '[ 27.1 .93 1.56 38.95 31 .07 
245 .306 286.8 33.1 28.0 25.3 1. 56 2.67 46.18 29.29 
245 .362 288.6 29.5 28.7 32.5 2.66 3.19 52.78 28.80 
247 .410 290.0 29.5 29.5 28.9 4.07 4.24 59.37 28.15 
248 .460 292.4 29.0 30.1 29.1 5.22 5.14 65.52 つ」EdL・95ー

249 .510 294.3 33.9 30.6 28.7 8.95 4.66 74.05 25.01 

250 .560 295.5 29.5 32.0 33.1 15.51 3.40 81 .81 21.10 
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J A E R I - M 8 6 - 0 6 6 

No FLOW Tgout Tmo t 
(kg/s) (deg) (deg) 

251 .566 297.8 30.5 
252 .543 298.0 38.8 
253 .488 297.1 32.3 
254 .436 295.3 34.9 
255 .382 293.7 35.9 
256 .328 291 .5 36.9 
257 .272 290.6 34.1 
258 .213 £.00 « O 35.2 
259 .205 287.3 34.9 
260 .209 286.2 35.4 

- 6 5 -

Tj.lo T j .up 
(deg) (deg) 

33.4 29.9 
35.1 28.9 
35.3 30.5 
35.7 34.6 
34.4 36.5 
35.4 29.2 
34.9 31 .5 
34.9 31 .1 
33.7 32.2 
33.6 31 .7 

D.FORu D.FQRl 
<kgf) (kgf) 

16.46 3.24 
13.46 3.63 
7.74 4.22 
5.36 3.94 
3.38 3.26 
2.21 2.71 
1 .26 1 .82 
.98 2. 18 
.81 2.06 
.75 2.11 

S.FORu S.FORl 
(kgf) (kgf) 

82.80 21 .00 
80.00 21 .84 
71 .37 24.60 
63.53 26.74 
56.81 23.26 
50.02 29.93 
42.33 30. 16 
o o . Do 28.65 
32.33 29.42 
32.30 29.64 

]AERI-M 86-066 

ト10 FlIJI.-J T gou.t Tmot T J • 10 Tj.up D.FORu D.FORl S.FORu S.FORl 
(kg/s) (deg) (deg) (deg) (deg) (k gf ) (k gf ) (k 9 f ) (k gf> 

251 .555 297.8 30.5 33.4 29.9 15.45 一J、.ι24 円82ι.80 21 .00 
252 .543 298.0 38.8 35.1 28.9 13.46 3.63 80.00 21 .84 
253 .488 297.1 32.3 35.3 30.5 7.74 4.22 71 .37 24.60 
254 .435 295.3 34.9 35.7 34.6 5.35 3.94 63.53 26.74 
255 .382 293.7 35.9 34.4 36.5 3.38 3.26 56.81 28.25 
255 .328 291.5 36.9 3:，.4 29.2 2.21 2.71 50.02 29.93 
257 .272 290.5 34.1 34.9 31.5 1. 26 1.82 42.33 30.16 
258 .213 288.8 35.2 34.9 31.1 .98 2.18 つ、Jう、L5、J、つJ 28.65 
259 .205 287.3 34.9 33.7 32.2 .81 2.06 32.33 29.42 
260 .209 285.2 35.4 33.5 31.7 .75 2.11 32.30 29.54 
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