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Development of the Spherical Flange Used in a Cryogenic
High Pressure Pipe

I Yoon Moon* - Insang Moon* - Jaehan Yoo* - Soo Young Lee™"

ABSTRACT

The spherical flange was designed to apply to a cryogenic high pressure pipe of a liquid rocket
engine. It is designed that the spherical flange is able to be assembled and kept airtight up to 2.5° of
the axial misalignment between the combined components. It increases the degree of freedom of the
engine assembly. The spherical flange is composed of a ball and socket joint, a metal seal, spherical
type bolts and washers. The prototype was verified by leak test at the room temperature and the
cryogenic temperature. Additionally the strength test and the destructive test were performed at the

room temperature.
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Qiight - Clamping Force of Flange;

Dgm - Mean Diameter of Seal;

k - Tightening Coefficient;

Pieop - Max Expectation Operating Pressure.
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Qo - Clamping Force per Bolt;
z - Number of Bolt.
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Mgy = My, + M ®G)
Miight - Clamping Torque of Stud Bolt;
My, - Thread Frictional Moment;
M; - End Face Friction Moment.
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d, - Effective Thread Diameter;
s - Thread Pitch;

b - Thread’s Friction Coefficient.
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1f - End Face Friction Coefficient;

R¢ - Frictional Radius.

Equation 59 7% =E uvAteig]e] npaykA
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f D2— dz
D - Diameter of Nut Seat;

d, D
2yl
(’yv +62 62) (6)

do - Diameter of Hole;

v - Friction Cone’s Angle;

r - Radius of Spherical Friction Surface;

b, ¢ - distance between friction diameter and

center of sphere, respectively.
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Table 1. Test Conditions

Working | Test

Test Item Fluid | Pressure

Leak Test at the Room Temp. He 11 M

Leak Test at the Cryogenic

He, LNz | 11 MPa
Temp.

Proof Test at the Room Temp. Water 15 MPa

Burst Test at the Room Temp. Water 20 MPa
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Fig. 8 The Maximum Angle Assembly of the Spherical

Flange

Fig. 9 Surface of the Metal Seal and Guide Plane of
the Female Flange after Tests

Table 2. Test Results of Spherical Flange

Test Item On Axis Oﬁfz?‘f)ds
Seal Material SUS 316L| SUS 321 | SUS 321
Leak Test No No No
at the Room Temp. Leakage | Leakage | Leakage
Leak Test No No No
at the Cryogenic Temp.| Leakage | Leakage | Leakage
Proof Test
at the Room Temp. Pass Pass Pass
Burst Test
at the Room Temp. Pass Pass Pass
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