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FOREWORD

This Glossary is an outgrowth of the work done by NASA-Lewis Rescarch Center and its
associated contractors in generating a set of 33 Design Criteria monographs on Chemical
Propulsion. (A list of the monographs in this series is included in the list of all published
NASA Space Vehicle Design Criteria monographs presented on the final pages of this
document.) In the course of preparing these monographs. it became apparent that a unificd
colfection of terms and definitions and table of conversion factors for units as they are used
m the design and development of chemical propulsion systems for space vehicles would (il
an obvious need. serving both as a usetul addition 1o the set of monographs in achicving
better communication among design pensonnel and as an aid in producing greater
consistency in design and greater efficiency in the design effort.

The Glossary presented is neither exhaustive nor all-inclusive: it is based entirely on terms
used in the monographs on Chemical Propulsion. It does not include general scientific and
engineering ferms with well-accepted conventional meanings (e.g.. airfoil, pressure. foree)
nor does it include highly specialized design terms unique to a small seement of a chemical
propulsion system. No materials are included. but significant tenms relating to material
properties and to material fabrication are presented. The terms are arranged in alphabetical
order. with multiple-word terms appearing in the normal sequence of usage: for example.
ablative cooling appears as such. not as cooling. ablative. and lip seal appears as such. not as
seal, lip. Conversion Factors for converting U, S, customary units to the International
System of Units (S units) are presented in alphabetical order of the physical quantity (e.g..
density. heat flux, specific impulse) involved.

The Glossary was compiled and cdited by Russell B. Keller. Jr. of the Lewis Research
Center. who also edited the Design Criteria monographs on Chemical Propulsion.

Comments concerning the technical content of this Glossary will be welcomed by ihe

National Acronautics and Space Administration. Lewis Rescarch Center (Design Criteria
Office). Cleveland. Ohio 44133,

October 1979



5

ko’

R

oy

RS

R .

. »W‘MWW\ oy s
[ - (s

-

............................

,,,,,,,,,
,,,,,,,,,,,

.............

PRECEDING PAGE BLANK NOT FILMED

Page




R e . LT T s

GLOSSARY OF TERMS

-A-

ablation. process in waich thermal energy is expended by a sacrificial loss of material. In the
process. heat is absorbed. blocked. dissipated. and/or generated by mechanisms that include
phase transitions (melting. vaporization, and sublimation): mass transfer into the boundary
layer: convection in the liquid fayer ¢if one exists): radiant-vnerpy transport: conduction
into the solid body: chemical reactions: and erosion,

ablative cooling. reduction of the heat transferred from hot combustion products to a
nozzle or chamber wail by ablation of material on the wall

ablative materizl. material desipned or formulated so as to dissipate incident ficat by
degrading through the process of ablation

accelerometer. an instrument. usually a transducer. that measures change in velocity, or
measures the gravitational forces capable of fmparting a change in velocity

acceptor charge. charge on the internal side of an igniter that is detonated bj' the shock
wave transmitted through the internal diaphragm in a through-bulkhead initistor

acoustic absorber. an array of acoustic resonators distributed along the wall of a combustion
chamber. designed to prevent oscillatory combustion by increasing damping in the engine
system

action time. interval from attainment of a specified initial fraction of maximum thrust or
pressure level to attainment of a specified final fraction of maximum thrust or pressure fevel

actuation time. clapsed time from reccipt of signal to first motion of the device bcéﬁg
actuated

actuator. device that converts hydraulic, pneumatic. electrical. or potential encray into
mechanical motion

adhesive. material applied between components to bond the components together
structurally

adiabatic. term applied to a thermodynamic process in which heat is neither added to nor
removed from the system involved: when the process is reversible, it is called isentropic



adishatic wall. in 3 thermodynamic system. a2 boundary that is 3 perfect heat insulator
{ncither emits nor absorbs heat): in boundarydayer theery, the weall condition in which the
femperature gradient at the wall s 20ro

adiabatic wall tempersture. steadvstate fempersture of the wall of 3 combustion chamber
or porzic when there s no heat fransfor betwern the wall and the exhuust gac akso calhed
oo ery omperatufe

acrodynamic heating. heating of 2 body by the friction generated by highaelocity air or
other gas passing ower the hody surfaces ’

acrodvaamic performance portion of the nozzle performance due to porzle divergenoe
efficiency (the degree of perfection of the nossle contour)

serodvnamic thrast area. offective flow arca of the norzie throat: the effective flowarca b

foss than the scometric flow ares because the flow i not aniform

serospike nosrle. annular nozzke that allows the @< to expand from one surface - 3
conterbody spike - fo ambiont prossure

ali-fire Bmit minimum enerey {o.g. voltupe required to consistontly fire an electroexplone
doevice

stowable Jo-d for stressy. load that| i oxeceded. produces failure of the structural dlement
gnder vonsiferation. Foilure may Bo Jdefined as buckling, yickling, sltimate. or fatipue
. failure, which ever condition prevents the component from performing its intended function.
! Allowable load is sometimes referned to 2 criterion oad or stress: allowable stress s
' eauivalent 1o material strength

altitude engine. rocket engine that is designed to operate at high-altitude conditions {sec
sealevel enpined

i ambienat. term referring to 3 vondition or state (e.g. temperature, pressure) of the
environment surropnding 2 component or sidem

-

anisotropy. vondition in a material in which propertics are not the same in alf directions:
i ohserved or measuntd propertics change when the axis of ebservation or test is changed

annutar nozzic. nozzic with an annular throat formed by an outer wall and 3 centerbody
wall

anodire. to produce 3 protective oxide film on 3 metal (usually AD by electrochemica!
means
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anti-extrusion ring. ring installed on the low-pressure side of a seal or packing to prevems
extrusion of the sealing material: also called a backup ring

anti-rotation device. mechanical device (e.2.. a key) used in rotating machinery to prevens
rotation of one component relative to an adjacent component

antislosh baffle. device provided in a tank to damp liquid motion: can take many foims
including flat ring. truncated cone, and vane ‘

antivortex baffle. radial vane attached to inner tank wall adjacent to the inlet to engime
feedline to inhibit fluid vortexing at the inlet

area ratio. ratio of the geometric flow area of the nozzle exit to the geometric flow area off
the nozzie throat: also called expansion area ratio or simply expansion ratio

articulated. scgmented or jointed and thereby able to accommodate motion

aspect ratio. 1. ratio of width to height in a rectangular flow passage: 2. ratio of blade heigha
to chord length: 3. ratio of width to depth in a rectangular combastion chamber

asperities. minute irregnlarities or roughnesses on the surface of a component, usually the
result of the surface-finishing process

asymmetric separation. separation of the exhaust jet from the nozzle wall nonuniformly or
at localized regions not in the same plane

H autoignition. self-ignition or spontaneous combustion of propellant

axial deflection. clongation or compression along the fongitudinal axis

‘k‘_t:r,__»_‘_ T e e . T
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backlash. |. dead space or unwanted movement that nesults from fabrication and assembiy
tolerances in linkages: excessive hacklash produces poor positional control of the controlled
element or errors in position instrumentation: 2. the clearance between the tooth spacing of
2 gear and the tooth thickness of a meshing gear

baffle. partitioning device (plate. wall. screen) used to deflect. check. or imserrupt fluad
motion:used, for example, in 3 combustion chamber for stabilizing combustiom_or in 2 tank
for preventing stosh

bakince chamber. pressurized chamber used to counteract the unbalanced pressure forces
exerted on 3 poppe! valving element and thereby decrease the foree necessary 3o actuate the
element

bakince piston. speul mechanical device used to balance axial thrust in 2 turbopump and
theroby reduce axin’ nads imposed on the bearings

babince ratio. ratio of the offective closing area of the s2al face to the actus! ares of the sead
face

babince ribs. blades on the back of the pump impeller that reduce the pressure on the
impelier back side and help control the axial thrust foads

ball flow tube. tube inserted into 3 hollow ball to reduce pressure drop through a ball vatwe

ball valve. roizry-action valve incorporating a ball with a flow passape that rogates 1o aligm
- the flow passape with the mating upstream and downstream lines

' bandwidth. limits of variation of 3 regulated variable {c.g.. pressure) sbove amd below its
desired value

barrier cooling. use of controlicd mixture mtio near the wall of 2 combustion chamber to
provide film of low-temperature gases to reduce the severity of gasside heating of the
} chamber

Barske pump. lowspecificspeed partialemission pump having an open-face impeller, often
with rudial blades

; ' base. 1. configuration of a plug nozzle in the plane of truncation: 2. portion of a blade {or
vane} that forms the attachment to the rotor {or vane support}

- base cavity. the opening in the base of 3 plug norzle




base fixity. index of the relative tightness in the mounting of a blade in the rotor or 3 vane
in the vane support

base pressure. static pressure in the base Cavity of a plug nozzle

bearing (rolling-element), mechanical device, usually consisting of two integral concentric

channels with rolling elements {e.g.. spheres or cylinders) confined between them, used 1o
support and position a rotating shaft with as little friction as possible

bed reactor. term for a gas generator design in which the combustion chamber is nearly
filled with a solid material that assists decomposition by cither catalytic or thermal action

Belleville spring. truncated conical metal washer that exerts a nonlinear spring rate when
compressed axially; some configurations produce a negative rate over a portion of the travel

bell nozzle. nozzle with a circular opening for a throat and an axisymmetric contoured wall
downstream of the throat that gives the nozzle a characteristic bell shape

bellows. thin-wall, circumferentiaiiy corrugated cylinder that can be clongated or
compressed Iengitudinaliy and, when integrated into 3 duct assembly, can accommodate
duct Jiovements by deflection of the corrugations (cenvoiutiens}: alse used in tanks to

provide positive expulsion of fluid and in fluid systems to isolate a regulator or valve or
similar component

bevel gear. one of 3 pair of toothed wheels whose working surfaces are inclined 1o
nonparallel axes: also, 3 gear whose tecth are at an angle to the rotating axis

bias spring. spring used to maintain a detail partin 4 preferred position while the assembly is
nonoperating

bifurcation joint. junction of two tubes or flow passages with another tube or passage

bird-cage attachment. method for attaching chamber 1o injector, in which bols extend the
length of the chamber from the injector to 4 separate retaining ring at the aft end

v - —

bipropellant valve. valve incorporating both fuel and oxidizer valving units driven by a
common actuator

. blade. 1. one of 3 set of slat-like objects rigidly fixed to 3 rotatable shaft, each slat being

i carefully shaped as ap airfoil such that (a) rotation of the shaft in a fluid creat
fluid, or {(b) fluid flow i;npingiﬁg on the blades rotates the shaft
adjust flow in 3 blade valve

es a flow of
* 2. a flat plate used to
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blade valve trotary). valve that controls flow by means of 2 flut plate that is rotated
transversely in a slotted chamber between upstream and downstream lines

blade valve (stide). valve that controls flow by means of 3 fiat plate that slides trunsversely in
aslotted chamber between upstream and downstream Hines

bleed. I continuous flow of gas through a pilot valve, . 10 femove or draw off fluid from 2
system

bleeder cloth. open-weave fubric used 1o facilitate vomplete removal of gas in vacuum-bag
processing of reinforced-plastic parts

blockage. 1. decrease in pump effective flow arca due to the blade thickness and the
boundary Layer on the blades and ead wall: 2. restriction in a cavity or flow passage

blockage factor. the fraction or pereentage by which design flow area is increased fo account
for blockage: conversely, the ratio of flow areg corrected for blockage to desipn flow area

blowdown svstem. closed propellant/pressurant system that decays in ullage prossure fevel
as propellant is consumed and ulluge volume thereby is increased

B-nut. coupling nut used to connect and seal tubing to a threaded connector

beattail. aft (rear) end of 3 rocket that contains the propulsion system and its interface with
vehicle tankage

Boltzmann superposition. overlaying of u serics of step functions to find the gross response
to 3 time-vurying input

booster. the first or basic separable self-propelled section fstupel in 3 rocket vehiclke having
iwo or more such sections

boss. thickened protuberance in the wall of a duct or tank for the purpose of affowing
attachment of components or connection of other lines or instruments

borescope. armangement of mirrors or fiher optics that makes possible the inspection of
otherwise inaccessible locations

boundary hayer. in fluid flow, the film of fluid next to a bounding surface such as the
combustion chamber wall or nozzle wall: its thickness usually is taken as the radial distance
from the surface to the point at which fluid velocity reaches 99 pereent of freestream
yelocity
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boundary-layer trip. discontinuity or local turbulence in the boundary layer generated by a
protrusion from the surface in contact with the boundary layer: tripping usually increases
the severity of the thermal environment

breakaway disconnect. separable connector that is disengaged by the separation force as the
vehicle fises from the launch pad or a stage separates from a lower stage: also called a risc-off
or staging disconnect.

bridgewire. resistance wire. attached to the leads of an electroexplosive device, whose
function is to convert the electrical firing signal into thermal energy adequate to ignite the
prime charge of an igniter

Brinell hardness. indentation hardness determined by pressing a hardened-steel sphere into
the test material under a specified load for a specified time: the diameter of the impression
produced is an index to the hardness

brittle failure. rupture of structural material that is not preceded by appreciable
deformation of the material

B-stage. intermediate stage in the polymerization of a thermosetting resin; in this stage the
resin is dry and relatively stift at room temperature but softens when heated

bubble point. gas pressure at which a gas bubble forms at the surface of a filter immersed in
a test fluid: used to determine filter rating

builtup shaft. shaft with a multiplicity of components such as collars, sleeves, and couplings

bulkhead. structural membrane perpendicular to the axis of the structure contaimng it:
usuaily used in a rocket vehicle to physically separate two fluids contained in 1 single tank

burndown weld. fusion butt weld with no material added: usually applies to thin-gage duct
materials with burndown lips bent up on ends to be welded

burn rate. literally. the rate at which a solid propellant burns. i.c.. rate of recession of a
burning prop.llant surface, perpendicular to that surface, at a specified pressure and grain
temperature: in grain design. the rate at which the web decreases in thickness during motor
operation

burning surface. all surface of a solid-propellant grain that is not restricted from buming at
any given time during propellant combustion

burn time. for a solid propellant, the interval from attainment of a specified initial fraction
of maximum thrust or pressure level to web burnout
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burst dik. pussive physical barrier in g fluid system that blocks the flow of fluid until
ruptured by fluid presore

burst pr~sure. fluid pressure at which 2 pressurized component will rupture

burst 11, prossure 151 of 3 component to ruptire to determine whether the component
van wi'stand the valeulated bunt prossure

butterf” salve. valve constructed 1o close off or throttle flow by rotation of u circulur disk
arond - fransvens avis within the flow passage
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cage. mechanical contrivance in a bearing that contains the rolling elements and confines
them to the bearing raceways

camber. curvature of the mean line of an airfoil; the distance from the point of greatest
curvature to the chord

Campbell diagram. plot of rotational speed vs blade frequency with forcing function as a
variable, used to identify resonant conditions in a pump or turbine or rotating machinery in
general

capacity (pump). volume of liquid pumped per unit time

captive firing. test firing of a propulsion system, in which the engine is operated at full or
partial thrust while restrained in a test stand; the system is completely instrumented, and
data to verify design and demonstrate performance are obtained

case. 1. the structural envelope for the solid propellant in a solid rocket motor; 2. the outer
portion of metallic materials

case bonding. cementing of the solid propellant to the motor casc through the insulation by
use of a thin layer of adhesive (the liner)

case hardening. infiltration of a metallic surface with carbon so that the outer portion of the
material {case) is made harder than the inner portion {core)

casing. the part of the pump housing wnat surrounds the impeller

casting powder. small (e.g., 0.050-in. (1.27 mm)) grains used in the interstitial casting
process

“cateyes”. long, narrow openings between thrust-chamber coolant tubes provided to
discharge turbine exhaust gases

cavitating venturi. convergent-divergent constriction in a line that produces cavitation at its
throat; because of the cavitation effects, flow of the liquid in the line is a function only of
pressure upstream of the constriction even though the downstream pressure varies

= cavitation. formation and instantaneous collapse of vapor bubbles in a flowing liquid
- whenever the static pressure becomes less than the fluid vapor pressure

chamber. see combustion chamber

i1
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chamber filling interval, time period from complete ignition of the solid-propellant grain to
achievement of equilibrium buming pressure

chamber pressure, stagnation pressure of the exhaust 83s¢s in a combustion chamber

channel construction. use of machined grooves jr the wall of the nozzle or chamber 1o form
coolant passages

char. rigid. porous materizl remaining after severe thermal degradation of an organic
material: ako refers to ary solid recidue formed vy thermal degradation of a materiaf

characteristic length. ratio of combustion -hamber volume to nozzle throat area

characteristic Ene. mathematical line inclined 1o the direction of flow, used to compute the
flow ficld

characieristic velocity. ratio of effective exhaust velocity to thrust cocfficient: also called
characi-ristic exhaust velocity

charact-rization. |, definition of physical or chemical propertics of a material in refation to
its appl-ation or use in 3 propellant formulation or rocket motor:~. definition of the total
functionat capubility of 3 COmMponent or system

chatter. uncontrolled rapid seating and unseating of a flow-contro! device, wsualty at
fow-flow conditions

check valve. flow-conrrol device that allows flow in one direction only

chevron seal. term for a set of seals having 4 V-shaped cross section loaded by mechanicat or
fluid wedging action

chilldown, cooling of alf or part of a cryogenic engine system from ambient femperature to
cryogenic {emperature by circulating cryopenic fluid through the system Prior to engine
sfarnt

choked flow. flow cendition in a flow passage su~h that flowrate through or upstream of e
passage cannot be increased by a reduction of pressure downstream of the passage

chord. straipht fine connecting the ends of an arc: ustally, the line joining the feading and
trailing edges of an airfoi

chugging, low-frequency oscillatory combustion: in 2 lid system, ips osciliations are
hydraulically cotpled to the propellant feed sysiem
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circular lay. circular direction of the predominant pattemn of a machined surface; ordinarily
determined by the production method used

circumferential seal. seal. composed of a continuous ring or of one or more split or
segmented rings, whose sealing surface is paraflel to the centerline of the flow passage (also
called radial seal)

clean room. a delimited space in which dust, temperature, and humidity are controlled as
necessary for the fabrication and/or assembly of critical components

clearance seal. seal that limits the leakage between a rotating or reciprocating shaft and a
stationary housing by controlling the annular clearance between the two

closed loop. term applied to an electrical or mechanical system in which the output is
compared with the input command signal, and any discrepancy between the two results in
corrective action by the system elements

coaxial injector. type of injector in which one propellant surrounds the other at each
injection point

cohesive fracture. rupture or cracking of matedal within the body of the material, notat a
bondiine at the interface with other material

coil clash. contact of adjacent coils as a helical spring is compressed

coined groove. narrow channel or depression stamped in a burst disk to provide localized
thinning of material in a desire pattern

coking. deposition of a solid residue by a material when it is burned or distilled

cold flow. 1. term applied to a test of an engine or all or part of engine system, in which
fluid is flowed through the test configuration without the engine being started; term also is

applied to tests of model fluid systems; 2. permanent deformation of material caused bya

compressive load that is less than the load necessary to vield the material; some time is
required to obtain cold flow

combined stresses. stresses resuiting from simultaneous action of all loads to which 2
structure is subject

combustion chamber. portion of a rocket engine in which propellants are burned

13
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combustian stabilization

climinates owillatory <o

driving combustion procy

compliance (fluid). effec
unit prossure change

composite propellant. so
a continuous solid phase

compressibility factor.

compression set. poroen’
time under specificd squ

compression system. du
are reacted by the suppe

connector. mechanical «
cg. lincsortubesinafl

conocyl. coined word ft

Connseal. trademark o
all-metal radial seal

contact ratic. IVerage nv

contaminant folerance. o
a filter under spevificd
jost in the filter o oxooe

contamination tolerance
in 3 fuid system at whi
components of the systa

contraction matio, rutio «
the area of the throat

controBer. device that «
prossure, level, or flowr
mechunicall to vary the
yariable
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tavice. contrivance in the combustion chamber that reduces or
sustion by reducing the coupling of the oscillations with the
s or by increasing the damping inherent in the engine system

- compressibility of a fluid, i.c., the change in fluid volume pet

propellant system comprising a discrote solid phase dispersed in

of ideal-pas density to real-gas density

teflection by which an elastomer fails to recover after 3 fixed
and femperature

stem wherein the fluidcolumn loads due to internal prossure
uctune

: for joining or fustening together two or mowe similar parts,
ystem or wires in an clectrical system

‘e in eylinder™, a specific solid-propettant grain configutution

roqquip Corp.. Marman Div, for 3 leak-proof joint using an

- of teeth in vontuct in 2 pair of meshing gears

-t (by weight) of a standard contaminant {added at the infet of
4 flowrate. temperature, and pressuned that causes the prossure
waximum sHowable vahue

o1, value of contaminant particle size. or level of contamination,
‘e specified performance, reliability, or fife expectancy of the
adversely affected

¢ arca of the combustion chamber at its maximum diameler to

erts an input signal from the controtled varisble {tempemture,
. to a valve actuator input (pneumatic. hydrautic, electrical. or
v¢ position to provide the required comrection of the controficd
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convolution, longitudinal wave {corrugation) plastically formed in a thinwall {usually
metal) tube

coolint tube, relatively small-diameter thin-wall conduit attached to or forming the wall of 3

regeneratively cooled combustion chamber or nozzle and carrying propellant to cool the
wall

Coulomb damping. dry-riction damping: friction force is constant in magnitude but always
directed opposize to the velocity

counterpermeation. simultancous migration of propellant vapor and pressurant (in opposite
directions) across 3 permeable membrane

coupling. mechanical device that fastens together two parts of a turbopump shaft or
vonnects the shaft to other components of {he turbopump: also, 3 separable connector in g
uid system line or duct

coupon. piece of material, representative of the material used in a part, that accompanics
the part duning Processing and subsequently is used as a test specimen to evaluate propertics
of the part material

cracking. 1. thermal decomposition of heavy (complex) hydrocarbons into lighter and
simpler hydrocarbons and other products:; 2. opening ol a flow-cont

ol device to allow flow
of fuid

cracking pressure. cffective ditfferential pressure above which a4 flow~ontrol device (e.g.. a
valve) will open and allow flow of fluid

Creep. pemanent deformation of material caused by a tensile or compressive foad that is less
than the load necessany to yield the material: some time is required fo obtain creep

treep strength. degree to which a given material resists creep: also, the maximum load at
which a given material will not exhibit a significant amount of creep

Crevice comresion. corrosion that occurs in a marrow, relatively e B opening where {wo
similar surfaces meet and teap a reactive fluid that sets o an clectrolyie: corrosion accuns
beciise of the concentration gradient of the reactive species established within the trapped
fluid

critical crack size. crack or flaw size in 2 pressure vessel it or ghove which the crack, at 2
specitied stress bevel, will grow and become unstable (i.e.. will lead to brittle failurc)

T e
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critical flow capacity. point in the performance of a tank-pressurization heat exchanger at
which pressurant volumetric flownte is at a maximum and an increase in pressurant
produces a decrease in volumetric rate

critical ignition pressure. pressure below which propeliants cannot be ignited

critical speed. shalt rotational speed at which a natural frequency or a rotor/stator system
coincides with a possible forcing frequency

crowned spline. spline modificd along the face width or profile to anticipate misalignment
eryogenic. fluids or conditions at low temperatures. usually at or below —150°C (123K)
cryogenic propellznt. propellant that is liquid only at temperatures below —150°C (123K)
eryogenic seal. sea’ “hat must function effectively at temperatures below —150°C (123K)

cryopump. to redice pressure in a cavity by condensing confined vapors and gases on
extremely cold (crvagenic) surfaces

curvic coupling. tride name of the Gleason Works for a face-gear type of coupling generated
in manner similar 1.+ that used for bevel gears

cvcle life. number of times a unit may be operated (e.g.. opened and closed) and still
perform within acceptable limits

cyclic vibration. vibration mode. induced by rough combustion in a rocket engine, that
periodically produces severe g loads at one predominant frequency

cylindrical grain. solid-propellant grain in which the internal cross section is a circle

cylindrical slide or piston valve. valve with a cylindrical bore with radial holes that are
covered or uncovered by sliding of a piston in the bore

¥
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dam. flat plate inserted perpendicularly into a fluid manifold in order to partially or fully
separate two streams approaching from opposite directions

datum. reference surfiee for locating critical points (e.g.. bearing locations) on a turbopump
shaft: normally the shaft longitudinal axis or the shaft shoulder

debond. localized failure of adhesive at the interface of two components cemented together
debulk. to compact prepreg (q. v.) by the application of pressure prior to initiation of cure
deep-space vacuum. term applied to pressure less than 107" mm Hg (1.333x10™ *® N/em?)

decontamination. cleaning process to neutralize or remove harmful fluids from a
component, system, or assembly

deflagration. burning process in which large quantities of gas and energy are released rapidly.
In a deflagration. the reaction front advances at less than sonic velocity and gascous
products move away {rom unrcacted material: a deflagration may, but need not, be an
explosion

design allowables. precise accepted values of material mechanical properties for use in design
and analvsis

design burst pressure. maximum limit pressure multiplied by the ultimate factor of safety

design load {or pressure). product of the limit load (or pressure) and the design safety factor
design margin. term for the difference between the capability of a component to perform
and the specified use requirement: ¢.g.. if an expuision devices's cycle life under full working
pressure and dynamic environments exceeds mission requirements by 100.000 cycles. then

the deviee has a design margin of 100.000 cycles

design safety factor. arbitrary multiplier greater than 1 applied in structural design to
account for design uncertaintics such as slight variations in material properties, fubrication

quality. load magnitude, and load distributions within the structure: the safety factor may

be based on yield. buckling. or ultimate strength or on fatigue life

design stress. the stress, in any structural element, that results from the application of the
design load or combination of design loads. whichever condition results in the highest stress

design ultimate load. limit load multiplicd by the ultimate design safety factor

17
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desden vield load. limit load multiplied by the yield desien xafety factor

detonation. explosion churacterized by propagation of the reaction front within the reacting
medinm at supemsonic velocity and hy motion of reaction products in same direction as
resction-front movement

deriation angle. anple between outlet-fluid direction and the tangent 1o the blude mecan
camber Hoe ot the fraifing edge

dewetting. phenomenon in solid propellants, in which the binder {iue) breaks free from the
embedded onvidizer and metal particls

diffusion factor. index of local diffusion on the blade suction surface in a pump
diaphragm. 1. thin membrane that can be used as 3 seal to provent fhudd feakage or as an
Sciator fo frnsform an applicd pressure to linear force: 3. positive expasbsion device used

to expel propellant from 3 tank in zerop conditions

diffudon bo-ufing. method of joining two metals. wherein temporsture amd prossure create
mivemalocul.r bonds

digital. procecding or operating in diserete increments or decrements

dilatation. 11 otion of enfarging or expanding in bulk {volume) or extent

diluent. o (often exeexs fueh) added to the exhaust £33 1o vool the g below the
temperiture conlting from chemicatly hatanced combustion: also, any substunce added to 2

nuterial 1o a0 onuate one or more properties of the material

discharge corficient. ratio of the actuat Nowrte to the ideal Mowrate, cateulsted on the
husis of one-d mensional inviseid fow

disconnoct. » o1t term for 3 quick-disconnect - 2 sepanable connector characterized by two
separable b < an interface seal and, psolly, a latehredease focking mechunbm: it can be

separated witout the use of wols in g very .01 time

dispbicement thickness. distance by which the outer streambines in fluid flow are shifted
fdisplaced o - revult of the formation of the baundary bayver

dissoctation. ~oparstion of a compound into chemically simpler conmiponents
P

divergence angle. sec hulfounple

g
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divergence efficiency. ratio of thrust calculated for the actual nozziz comtour (potemial
flow) to the thrust of an ideal-flow nozzie

DN. index to bearing speed capability: the product of bearing bore in miffimeters (D) amd
shaft speed in revolutions per minute (N)

dome manifold. manifold that spans the back of the injector

donor charge. external charge ina through-bulkhead initiator whose detonation ransmitsa
shock wave through the bulkhead 1o detonate the charge on the internal side

double-base propellant. propcilant with bve expiosive ingredients, €.2.. nitrocelluiose amd
nitroglycerin

double pilot. registry between mating components wherein two surfaces establish relative
location or where location is transferred from ene surface to another

doublet. injector orifice pattern consisting of one or more pairs of ornifices that produce
converging streams

downcomer. 1. axial feed passage from the rear of the injector: 2. veriieal feedline than
conveys fluid from a higher to a lower loation on o vehicle: 3. coolant tube in which
coolant flows in the same direction as exhaust =15

drag pump. bump whose rotor consists of 4 disk with many short radiad blades. The flow
enders radially and & carried within the blade passages around the disk and & discharged
radisfly through 4 port

dry cycle. operation of 3 valve or similar component without propellant of test {luid in the
flow passages

dry-film lubricant. materiy] that redaecs rolling or sliding friction between mating surfuces
by couting one or both of the surfaces with a slippery film. often permanently bonded 1o
the surface: also called solid lubricanr

dynamic imbalance. distribution of rotor muss such that the principal inertia axis of the
rotor is rotationally misaligned with the bearing axis. Moments are generated when the rotor
rotates about the bearing axis, Dynamic imbalance, also referred to us morent mhalunce,
Fequires measurement and correction in two or more planes perpendicular 1o the rotor axis

dynamic seal. mechanical device used to minimize leakage of fluid from the flowstream
region of a fluid-system component when there & relutive motion of the sealing interfaces
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duct. see line

ductile failure. mpture of structurs

! material after plastic deformation: also, un
dimensionat change without fractune

aoceptuhle

dump cooling. method of reducing heat transfer by flowing the nozzle collint turhine
exhaust gas down the nozzle coolant passapes and discharging the Bas at the oxit. expansion
at the exit being used to increase performance
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E-D nozzie. short term for cXpansion-deflection nozzle, which has an annular throat that
discharges exhaust gas with a radial outward component

effective area. actua] area acted on that results in 5 force in any device: for example, the areg
of a bellows joint at the main diameter of the convolutions: intemnal pressure exerted over
this area creates axial or end thrust {pressure Separating force) tending to elongate the
bellows

effective heat of ablation. figure of merit for a given material subjected to steady-state
heating conditions and undergoing steady-state ablation: the quartity represents the heat
dissipated per unit mass of ablated materia] under specified conditions

efficiency. ratio of €nergy output to energy input

elastic limir. maximum stress that can be applied to body without producing permanent
deformation

elastomer. polymeric material that at room temperature can be stretched to approximately
twice its original length and on release return quickly to jts original length

electrical delay. time period from the initial electrical signal to first motion of the activated
part

electroexplosive device (EED). contrivance in which clectrically insulated terminols are in
contact with, or adjacent to, g composition that reacts chemically when the required
electrical energy level is discharged through the terminals

electron-beam welding. process in which a controlled stream of high-velocity electrons
produces the heat for fusion by striking the workpiece in 3 vactum

electrefsrming- production of seamless hollow containers by electrudeposition

electroless plating. chemical reduction process for deposition of 3 metallic coating

end effects. 1. the effects on total burning surfaces of intcma!—buming grains contributed by
buming in the longitudinal direction: 2. three-dimensional strain condition near the ends of

a long cylindrical structure under stress

end strength. 3xiai-!oad—c3rrying capability of braided wire sheath of 3 flexible hose section;
foad is created by the pressure separating force in the hose
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endurance limit. maximuiq stress at which a material presumably can endure and infinite
number of stress reversals {oyclesy

end wall. surface of the housing and rotor hub between adjacent blades on 3 pump rotor

“energetic” propellants. 1. liquid bipropellants that contribute energy to the exhaust gas
through exothermal decomposition prior to oxidation reactions: 2. solid propeliant with
added ingredients that raise encrgy output above the norm for that class of propellant

energy release system. portion of a solid rocket igniter that provides the heat efflux
necessary to ignite the propellant and raise it to a self-sustaining combustion level

engine. see rocket enpine

entry. region of the thrust chamber where the contour of the chamber converges to the
nozzle throat

envelope. external boundary defining the limits on the dimensions of the component,
subsystem. or system

Enziau-plate injector. type of injector that produces atomization by impingement of a jet on
a solid plate

equal-percentage characteristic. relation between valve flow and the valving element stroke
in which o percentage change in opening at any stroke increment will cause an equal
percentape change in flow

equilibrium composition. chemical composition that the exhaust gas would attain if given
sufficient time for reactants to achieve chemical balance

erosion. weiring away of surface material by tne action of moving liquids or gases: may be
accelerated "y presence of suspended solid particles and in some cases by corrosive action of
the fluid

erosive burning. facreased buming of solid propellant that results from combustion products
moving 31 Iugh velocity over the buming surface

erosive burning rate. bumning rate of solid propellant that includes augmentation induced by
high-velocity flow of combustion products over the buming surface

evaporative freezing. freezing that can occur when a liquid leaks into hard vacuum and
expands to pressures below the triple point of the liquid

3
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exfoliated laminate. plics of the laminate stripped from the surface

exhaust plume. hot gas ejected from the thrust chamber of a rocket engine; the plume
expands as the vehicle ascends., thus exposing the engine and vehicle to greater radiative area

exhaust plume blowback. condition in which ambient pressure drives the nozzle exhaust
gases forward. over the motor and its attachments

exit. aft end of the divergent portion of a nozzle, the plane at which the exhaust gases leave
the nozzle: also called exit plane

exit pressure. pressure of the exhaust gas at the nozzle exit
expansion geometry. contour of the nozzle from throat to exit plane
expansion ratio. sce area ratio

exploding bridge-wire (EBW). initiator consisting of a small wire (1 to 4 mils) running
between two terminals and expioded by application of 3 high voltage

explosion. very rapid chemical reaction or change of state in 2 material involving production
of a lurge volume of gas and resulting in rupture of the muterial container (if present) and
generation of a shock wave in surrounding medium

explosive valve. valve having a small explosive charge that when detonated provides
high-pressure gas to change valve position {also known as a squib valve)

expulsion efficiency. index of the ability of an expulsion device to expel the liquid from a
tank: the ratio of expelled volume to loaded volume

external expansion. expansion of the exhaust gases {rom the nozzle throat directly without
a controlled-expansion wall
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fabricability. capability of being fabricated into a desired configuration and size without loss
of properties

*

generally, a face seal prevents leakage of fluids along rotating shafts by a means of 2
stationary primary-seal ring that bears against the face of 2 mating ring mounted on a shaft.
Axial pressure maintains the contact between seal ring and mating ring. Also called
facecontact seal.

face seal. scal whose sealing surface is perpendicular o the centerdine of the flow passage;

fail safe. term for philosophy in the design of propulsion system hardware that secks to
avoid the compounding of failures: fail-safe design provisions ensure that *he component
(e.g. 2 valve element) will move to a predetermined “SAFE™ position if electrical,
pneumatic, or hydraulic power is lost

fatigue lif. number of cycles of stress, under a stated test condition. that can be sustained
by 3 materiz] prior to failure

filler. sut-“unce added to another material (usually an elastomer or plastic) to improve
material properties, alter one or more specific properties {e.g.. change hardness), or extend
or dilute the material

fillet. matrrial faired into the anple formed by the junction of two surfaces. primarily to
reliove stross concentrations at the junction

fill yam. yorn running perpendicular to the length of the fabric

film cooli - technique for reducing heat transfer to the gasside wall of a combustion
chamber or nozzle by maintaining a thin layer (film) of cooling fluid over the surface. The
film may be self-generated by thermally induced phase change in the surface material. or
fluid may * - injected through holes or slots in the surface or through a porous surface.

filter. devi = in a fluid system that limits size and amount of particulate contamination in
the systen: Jownstream of itself

finite-element method. computer-based technique for structura! or hydrodynomic analysis.
in which the structure or flow system is divided into many small segments fealled clementsh,
for which 2 matrix of cocfficients of alpebraic equations is set up and solved for values of
the desired parameter {stress, strain, velocity, ete}

finocyl. coined word for “fin in cylinder™, a specific solid-propellant grain configuration

ﬁiﬂ L TUTIUALY BASR
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flame spreading interval. time period from first ignition of the solid propellant grain to the
ignition of the entire grain surface

flaw. unplanned discontinuity in a structure, particularly a soiid propellant grain

flexible hose. pliant conduit consisting of a flexible inner core cf convoluted metal or plastic
tubing and an outer braided wire sleeve that is attached to fixed ends to prevent buckling
and separation when the core is pressurized

flexible joint (flexible section). nonrigid connector such as metal bellows. flexible hose. or
ball-joint assembly that joins two duct sections and permits relative motion between the

ducts in one or more planes: includes both the flexible member and the restraint linkage

flexure disk. supporting member in a poppet valve that allows poppet axial motion but
estrains rotation and prevents misaligminent of concentric fis

flexure tube. in a rorquemotor-design  valve, the interconnecting member between the
valving element and a de torquemotor that transmits motion and seals the flow stream . the
tube is rigidly attached to the valve body at onc end and acts as 3 spring

flow angle. dircction of gas flow at any point in the nozzie, referred 1o nozzie axis

flow coefficient. in a pump. ratio of axial absolute fluid velocity to rotor tangential velocity
(blade tip speed): in a flow-control device, volumetric flowrate at specified pressure drop
across the device

flowfield. aerodynamic and thermmodynamic states of the gas flow in the chamber or nozzle

flow limiter. device to control flowrate at or below 1 specified value over 3 range of
pressures. in particular restricting flow during pressure surges

flow separation (separated flow). detachment of the flow from the wall of the flow passage

flow-to-close valve. valve in which the flow direction and forces acting on the valving
clement provide a closing force

flow-to-open valve. valve in which the tlow direction and forces acting on the valving
element provide an opening force

flow tube. tube inserted in hollow ball of a ball valve to smooth the tlow and to reduce
turbulence and pressure drop
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fluidcooled. term applicd to a chamber or nozzle whose walls are cooled by fluid supplicd
from an external source, as in regenerative cooling. transpiration cooling. or film cooling

fluid-film bearing. type of bearing wherein separation of the bearing and journal depends on
the shearing of a lubricating film in the clearance between parts: viscous forces within the
fluid support the bearing load

fluid interface. common boundary of two or more surfaces exposed to fluid (e.g.. mating
flanges of a duct) or the interface between a Auid and containing device (e.g.. tube wall)

forced separation disconnect. separable connector that is d isengaged by explosive, hydraulic,
Or pneumatic pressure

forcedyortex flow. flow in which the fluid tangential velocity is forced to vary in a manner
other than inversely with radius of the flow passage

forcing function. vibration or alternating stress that imposcs an oscillstion on u system
four-way valve. valve having four controlled working pussages such that there are two
simultancous flow paths throush the valve: vommonly used to control double-acting

achtors

fractographic snalysis. examination of o fractured surfuce under very hich magnification in
order 1o determime the nature of the fracture

fracture mechanics. science dealing with brittle fracture of structural matenal under load:
thic discipline cmiphasizes the importance of minute flaws and cracks in structurs! materiaks
and provides principles and techniques for wnalyzing the effects of such discontinuitics and
nonhomogencities on material behavior

fracture toughness. capability of a material to resist brittle fuilure

free-free. term used to desipnate 3 complete fack of restraint applicd 1o the first lateral
bending mode of shaft resonance

free heicht. height of 2 spring in the free (unloaded) condition
free stream. 1. length of the jet from the orifice exit to the point of impingement on
another jet or a surface: 2. the central flow region in a flow passaee. where flow s

unimpeded by any constraints

free-vortex flow. flow in which the fluid axial velocity is constant from hub to tip while the
Nluid tangential velocity varies inversely with radius of the flow passiage
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fretting. mechanism of wear that acts on mating metallic surfaces to produce surface damage

when one surface repeatedly moves through small-amplitude displacements relative to the
other surface

friability. tendency of crystalline structure to crumble

frozen composition. exhaust-gas chemical composition that does not change during
expansion in the nozzle

fuel. liquid or solid material used to supply thermal energy by chemical reaction
{combustion) with an oxidizer

fuel binder. continuous phase that contributes the principal structural condition to solid

propeilant but does not contain any oxidizing element, either in solution or chemically
bonded

full-complement bearing. needle or roller bearing that does not incorporate an inner race (2
rolling-elesment retainer spacing the elements): the needles or rollers ride directly on the
shaft and fill the bearing cavity fully

function time. in an electroexplosive device, the time period between application of
initiating energy and some later function such as bridgewire break. ignition of output
charge, or start of pressure rise

fuse. igniting device consisting of a detonating or deflagrating train for propugation of
ignition cnergy

FV factor. term in seal design for the product of total contact load per unit circumferential
length (F} and rubbing speed {V)
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Gimbar. coined word for a gimbal ring with crossed bars for structurl strensth

ghnd. cavity in which an O-ring is installed: includes the groove and the surface of the
mated part that together confine the O-ring

Goodman diagram. plot of mean stress vs alternating stress in o component. used to appraise
structural adequacy ifatigue life) of the component

go/no-go. term for a test or inspection process that establishes the dceeptability of any
component in a set by determining whether 3 given parameter falls below (or, conversely,
stays above) a specific value

L g

grain. integral picce of molded or extruded solid propellant that comprises both fucl and

! oxidizer in a solid rocket motor and s shaped 1o produce. when burned. g specified
N performance-vs-time relation
: grain anomaly. nonhomogencity in cured propellant grain (e.g.. 4 void. or 3 fuel-rich pocken)

grain conditioned temperature. uniform tempenature of the propellant grain just before
ignition

guide vane. see vane

2YTOSCOPIC moment. moment induced on rotating components by the angular displacement
of the rotating axis. as in » 2yroscope
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halfangle. angle between the nozzte center line and a line paralle! to the inner surface of the
nozsde exit conelako called divergenee angle

hard line. line or duet that incorporates no flexible joints but js provided with deflection
vapability by the use of loops and elbows and low-modulus or thin-wall material

hard poppet. poppet with a hard sealing surface
hard sealing surface. surface fabricated of material tmetal. eeramic. or cermet) that does not
permamently: vield or deform exeept with wear (exible metal disks are 2 special type of
hurd sealing surfiuced
hard seat. xeat with a4 hard sealing surface

. -8 -
hard vacunm. temm applicd to pressure fess than 107* mm Heqt323x107 % N/em®™)
hat. descriptive tenm for a Manged., square-bottom-"U™ ¢ross section
head or headrise. increase in Muid pressure supplicd by 3 pump: the difference between
pressure at the pump inlet and presarre at pump discharge. Muid pressure being expressed as
equivalent height gin feety of a Mluid column
head coefficient. measure of headrise related to impeller discharge tip specd
heataffected zone (HAZ). the region of material attected by the heat of welding or brazing
heater blanket. clectrical heater in sheet fonm wrapped around all or G portion of 3
CIYORCRIC component (¢ e an actuator) fo prevent the wemperate.e within the component

from falling below 3« red operating minimum

heat of ablation. total of the incident heat tHhat an ablative material dissipates per unit muns
ablated. See effective heat of ablation

heat-sink chamber. combustion chamber in which the heat capacity of the chamber wall
limits wall temperature efiective for short-durition firing}

heat soak. increase in tempensture in rocket-engine vomponents after firing has ceased. the
result o heat transfer throush vontiguots parts when no active couling exisic

heat-transfer coefficient. anah tically or emprically determined parameter that exprosses the
rate of heat frander per unit ares per unit temperature differcnce between two substunees

tod
.




hermetic seal. seal evidencing no detectuble leakage or permeation of gas or moisture

Hertz stress. maximum compressive stress due to the pressure between contacting
load-carrying elastic bodies, at least one of which is a curved body

heterogeneous decomposition. separation of a substance into simpler components that differ
in phase

high-cycle fatigue. life-cycle capability determined by the elastic strain range: generally
greater than 10% cycles

hi-pot test. diclectric-strength test performed at a high electric potential

PREIT T

hob. tool used for cutting the teeth of worm wheels or gear wheels

homokinetic plare. in universal joints {or gimbal joints), the plane that is normal tc the
plane containing the shafts and bisecting the angle between them

hot-core injector. injector that produces a central hot-gas combustion region surrounded
by a “cold™ fuel sheath

: Wv o PR ey

hot fire. term applied to a test of an engine system in which the engine is started (ignited)
and operated while performance of the system and its components is observed and
- measured; period of operation need not be full operational duration

hot-gas valve. valve that controls the flow of hot gases. opening at low power levels but
restricting the flow at mainstage: it operates at temperatures in excess of 200°F (366K) and
- as high as 1000°F (81 1K) or higher

hot-short. term applied to materials having low clongation (brittle) at elevated temperatures
hot streaking. stratification of buming gases in a combustion chamber into longitudinal
zones of high-temperature gases that do not break up and mix with cooler gases: term
derives from the localized heat marks visible on the chamber wall after firing has ended

housing. physical structure that forms the containing envelope for an assembly

hub/tip ratio. ratio of radius of pump rotor at blade hub to radius of rotor at blade tip

hydraulic. 1. operated, moved, or effected by liquid used to transmit energy; 2. a system or
device using a liquid as the operating fluid
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hydraulic dashpot. device used to reduce the velocity of the actuator s it approaches o
fixed stop. so that impact energy levels are reduced

hydrogen embrittlement. decrease in 3 metal’s tensile strength, notched tensile strength,
fatigue strength. resistance to crack growth. and especially ductility as 3 result of ahsorption
by the metal of newly formed gaseous hydrogen

hvdrostatic bearing. fluid-film bearing wherein the prossure required fo maintain scparstion
of the surfuces is externally supplied

hydrostatic pressure. fluid pressure due 1o gravitationst foree

hyvdrostatic seal. seal thar incorporates features that maintain an interfacial film thickness by
means of pressure provided either by an external sounce or by the pressure differential
aorens the seal

hypergolic ignition. ignition that involves no extemnal CRCTEY source. but reshiis entirely
from the spontancous 1zaction of two materials when they are brought into Contact:

materials may be two liquids or 3 liquid impinging on 3 solid

hypergolic propellants. propeliunts that ipnite spontancously when mixed with cach other

33
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ideal nozzle. nozzle that when analyzed on the basis of one-dimensional point-source flow
provides theoretically perfect performance for 2 given area ratio

ideal velocity. speed that a rocket vehicle could achieve if free of drag and gravity

idiot pin. locating pin that matches two parts in correct orientatiom so that mating
components cannot be mated incorrectly

igniter. device that can, in a controlled and predictable manner, induce self-sustaining
combustion-of propellants in the combustion chamber of a rocket engine or motor

ignition. attainment of self-sustaining combustion of propellants in a rocket engine or motor

ignition delay. in solid rocket motors, time period from the moment of arrival of the
thermal energy from the igniter at the propellant grain surface until an exothermic gas-phase
reaction is self-sustaining (i.e., the propellant is burning); in Liquid rocket engines, the time
from initial contact of fuel and oxidizer until a measurable pressure is generated

ignition lag time. time period from initiation of the igniter until first fgnition of sokid
propellant

ignition temperature. surface temperature of a solid-propeltant grain at the moment
combustion begins; the temperature depends on the extent of pyrolysis, on heating rate, and
On pressure, especially at low pressures and high flux leveis

impeller. disk with curving radial ribs (blades) or spiralled screw that rotates within a casing
and accelerates fluid in the flow Ppassage outwardly into a collector or into flow passages of a
following stage

impalse. product of average thrust and the time dun’rig which it acts; mathematically, the
integral of the thrust-time function ov=r a definite time interval

impulse stage. stage in a pump or turbine in which there is no change in static pressure
across the rotor

incidence angle. angle between inlet-flujd direction and the tangent to the blade mean
camber line at the leading edge of the blade

indocer. an auxiliary pump with a spiral impeller, mounted at the inlet of 2 main pump,
whose function is to raise the fluid pressure at the inlet by an amount sufficient to preclude
cavitation in the main pump




inertance. impeding effect of fluid inertia on transmission of oscillations in a fluidfilled
conduit

inert gas. pas that will not react with other materials
inert weight. weight of all rocket vehicle parts that do not produce thrust

inhibiter. 1. material applied to surface(s) of solid-propellant grains to prevent combestion
of the surface: 2. material applied to surfaces to reduce chemical reactivity of the surface,
Lo prevent or reduce corrosion or deterioration of the surface

initiation. process of starting combustion. expiosion. or detonation of materials by such
means as impact. friction. electrostatic discharge. shock. fiagment impact. flame, or heat

initiator or initiation system. part of the solid rocket igniter that converts a3 mechasical.
clectrical. or chemical input stimulus to an encrgy output that ignites the encrpy redease
system

injection cooling. method of reducing heat transfer to a body by mass-transfer cooling
accomplished by injecting a fluid into the local low field through openings in the surface of
the body

injector. device in a liquid rocket engine that atomizes and mixes fucl and oxidizer to
produce efficient and stable combustion

innercore. pressure-carrying tubultar flexible member of a flexible hose

insubation (thermal). material applicd to a surface 1o prevent or reduce heat transfer to or
from that surface

interegen. coined word meaning internally  regenerative: term refers to 2 combustion
chamber design in which heat is conducted away from the throat region and is absorbed by

liquid film coolunt over the forwa: part of the chamber
interface. region of mating (common boundary) between interconnected clements

interference diagram. plot of the various vibrational modes of a gear 1o determine whether
any modal-shape standing-wave frequencics coincide with gear meshing frequency

interference it retention of 2 vomponent in a mounting solely by virtue of the friction

between the interfaces: the degree of friction {and hence retention forve) is poverned by the
relative dimensions of the mating parts: also called a press it

35




interflow. term for simultaneous flow into and oui of the control-pressure region in 1 pilot
circuit for a pressure regulator

intergranular corrosion. type of corrosion generally associated with stainless steels, caused
by formation of a complex chromium carbide that depletes the chromium content along the
grain boundaries

internal ballistics. study of the parameters that govern the relations among temperiature,
pressure, burning rate, mass discharge rate, etc. in a solid rocket motor during firing

internal-burning grain. grain in which the surface of the perforation is a burning surface
internal expansion. gas expansion within a controlled expansion wall or shroud
interstitial casting. process that introduces a liquid into a bed of solid granular material
inviscid. having zero viscosity A

isentropic. a reversible adiabatic process

isotropy. condition in a material in which properties are the same in all directions
isochoric flame temperature. flame temperature at constant volume, i.e.. in a closed vesse]

iterative. proceeding in a step-by-step repetitive manner

36
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Joule-Thomson effect. the chanpe in gas temperature with gas pressure as the gas expands
through a throttling device

journal bearing. slidingsurface bearing that uses combinations of metals or nonmetals to
achieve low friction, compatibility, and wear resistance

[r—

-~

37



e e e e e

X-

Kiel probe, total-pressure probe consisting of an impact tube surrounded by a smoothly
contoured ring that collects and converges the flow stream

kinematics. study of motion exclusive of the influences of mass and force

kinetic performance. that portion of the nozzle performance that depends on the
equilibrium state of the chemically reacting system during gas expansion

i Knoop hardness. indentation hardness dete

rmined by pressing a rhombohedral diamond into
a material: similar to the Brinell test

K seal. fiexible metal seal with 2 €TOss section shaped like 3 K
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bbyrinth seal. clearance-type seal in which the fluid being sealed must traverse a fortuous
path in order 1o escape

Lamé’s equation. equation for stresses in thick cvlindens

bminar flow. fluid flow in which the motion of the fluid is smooth and regular, and there s
no crossflow between adjacent streambines

bminar-flow bench. controlledcleanliness banch used for critical assembly operations: the
bench is closed at the sides and top and has a rear wall that distributes filtered lowwvelocity
air across the work area to prevent entry of airborne contaminants into the assembly

bminarization. process by which a turbulent boundary layer reverts to laminardike
characteristics as g result of flow acceleration

bnd. the sctual sealing surface of the part that mates with g seal

btch. 1. mechanical or magnetic device that maintains a flow-control component in a
desired position without the constant application of power: 2. device that fastens one part
to another but is subject 1o release so the parts can be separated

bunch vehicle. the combination of booster, upper stages. and spacecraft {or other payload}
adapter making up the total rocket at time of launch: the spacecraft or payload itself is not
regarded us part of the faunch vehicle

Jeakage rate. the quantity of fluid escaping past a seal in a given length of time
“leak-be ore-burst™ condition. condition requiring that cracks penctrating a pressure-yessel

wall do o without reaching the {eritical) size for unstuble propagation {ie., the size that
feads to dArntde fructure}

lever lin' . mechanical linkage between the actuator and the valving element of rotary valve
that von<ists of a lever or crank on the rotary member and a link with clevis connections
from the fever to the scluator shaft

Lewis number. dimensionless parometer, the matio of mass diffusivity to thermal diffusivity

Eftoff. term designating the instant of vehicle flight at which vehicle contact with all
holddown and support devices is terminated: ako called “first motion™ of the vohicle
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limit load (or pressure). maximum expected load (or pressure) on a structure that will occur
under the specified conditions of operation, with allowance for statistical variation

limits testing. exposure of a component to the extremes of the operational conditions that

are expected to occur in final engine-system and flight testing

line (or duct). enclosed passageway (usually circular in cross section with relatively thin
walls) that conveys fluid ur.der pressure

linear characteristic. straight-line relation between valve flow and valving eiement stroke at a
constant value of pressure drop

liner. 1. thin layer of adhesive specifically used to bond solid propellant to the motor case or
to the insulation; 2. ablative material used to line the inner wall of the combustion chamber
ornozzle to reduce heat transfer to the wall

lip seal. pressure-actuated seal that prevents leakage in dynamic and static applications by
employing a scraping or wiping action on the mating surface

liquid length. distance along chamber wall over which film coolant remains in liquid state

live length. overall length of the convolutions in a bellows that are capable of accommodating
imposed deflections

load factor. ratio of vehicle thrust to jts overall mass

loading efficiency. in a solid rocket motor. the achievement of the required propellant
surface area and web thickness within the smallest practicable volume

lockup. the no-flow condition when 2 pressure regulator s kept closed in response to
downstream pressure being at or above the regulator setpoint

lockwire. 1. flexible slender rod or thread of material (usually metal) that is passed thru
matching holes in two (rotating) parts so as to fasten them together securely: 2. to fasten
securely in place by means of a wire

longitudinal slot. slot inside a propellant grain parallel to the axis of the grain

low-cycle fatigue. life-cycle capability determined by the plastic strain range: generally less
than 10* cycles

Iumped mass. concept in {shaft) dynamic analysis wherein a mass is treated as if it were
concentrated at a point
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Mach number. ratio of the velocity of fluid flow to the velocity of sound in the fluid

pagnification factor. ratio of the structura! deflection produced by an alternating load 1o
the deflection pmduced by a steady load of the same magnitude

mainstage. attainment of 90 percent or more of the steady-state rated thrust level of 2
rocket engine

e

main valve. valve, usually located just upstream of the thrust chamber injector, that controls
flow of propellant to injector

-

. mandrel. tool that forms the geometry of the central cavity in the casting of a
solid-propeliant grain

manifold. fluid-flow enclosure that distributes the flow in 2 desired mammer from an inlet or
inlets 1o an outlet or outlets

o ——
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manually operated disconnect. separable connector that is engaged or disengaged by manual
forces. usually with the aid of a lanyard. cam. or similar device

margin of safety. fraction by which the allowable load or stress exceeds the design load or
stress

mass addition. technique ol lysis that evaluates the gas dynamics within 1 rocket motor
in terrs of addition of small amounts of mass at specific locations

mass finx. mass flowrate through a given area expressed as the ratio of mass flowrate to flow
arca

mass ritio. |. ratio of usable-propellant mass to vehicle total launch mass: 2. ratio of vehicle
initial :3ass 1o vehicle final {bumout) mass

mass-transfer cooling. cooling technique characterized by an energy-consuming expenditure
of mas« tsolid. liquid. or gas)

master lap. fupping of the work picce with a master tool

N match lap. lapping together of two mating detail parts so that they are matched 1o cach
other in contour

mating ring. ringdike or disk-like part on the shaft or housing that provides the sealing

surface for g face seal
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metal-to-metal seal. 1. internal seal in a poppet-type valve achieved with hard-on-hard or
hard-on-soft metallic seats: 2. static seal wherein two metallic surfaces, usually one hard and
one soft, are mechanically joined

method ef characteristics. technique for facilitating the solution of a set of partiud
differential equations by the use of lines or surfaces that are at all points tangent to
characteristic directions determined by certain specified linear combinations of the
equations: method often is used in nozzle design

mission duty cvcle. total propulsion system requirement for a scheduled number of
operations over the total elapsed mission time

mixture ratio. mass flowrate of oxidizer divided by mass flowrate of fuel

modality. number of peaks {or modes) in a plot of particle-size distribution

mode. any of the various stationary vibration patterns of which an elastic body is capable
modified Bnear characteristic. relation between valve flow and valving element stroke that is
comprised of a parabolic relation up to approximately 30% of stroke, followed by a linear

relation up to 80 or 90% of stroke, with the remainder a square-root relation

modulating. term applied to a control system or device in which the controlled variable is
proportional to a sensed parameter and is continuously variable within the regulated range

momentum separation. stratification of flow in a combustion chamber (esp. in a gas
generator’ as a result of the high relative velocity of the hot core gases

momentum thickness. thickness of the potential {low with a momentum equal fo that lost
in the boundary layer us a result of wall shear forces

monocoque. term applied to a structure in which the stressed outer skin carries all or a
major portion of the torsional and bending stresses

monopropeliant. liquid propellant that decomposes exothermally fo produce hot gas: e.g..
hydrogen peroxide, and hydrazine
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MNaflex seal trade name  r g U-shaped flexible metal seat

NASTRAN. acronym for

-ASA computer program for structural analysis

Natorg seal. trade name ¥ -+ 2 modified ring seal

seedle yale. valve with
valve throat when transt

negstive pin. term for .
amplificd decrease inen

pegative spring rate. ob
chement, with the char
in flexure force opposin

nrt positive suction hea
to total Mid pressure o
the propelant being pun

no bleed, term applicd ¢
valve under steadystate

nodal circle. pattern of +
podal diameter. pattem «

pofire Hmit muximum
firing circuit of an clectn

notcavitatimg valve. flow
cxitation eccurring in i

nowequilibrium composit’
chemical reaction of the

nominterflow. torm applicd

controbpressure region s p

long tapered rod (pintle) for gradual opening or closing of the
4

“ntrof circuit in which an increase in repulated PIOSSUTe Causes an
4 pressure

* of mechanical spring force per unit of deflection in a flexure
stic that an increase in deflection i sccompanied by a devrease
Tection

PSHY. the difference. at the pump inlet, between the head due
the head due to propetlant vapor pressure, cxprossed in foet of

' this is the head available 1o suppress cavitation in the pump

-antrof circait in which there is no flow of gas through the pilot
ations

“1on nodes that fonns o cincke
sration nodes that forms o dhumetrad Bne

“nl power, voltage, or vapacitunce that cun be applicd to the
todve device withont firing the deviee

drol valve that mcters the flow of Hquid propefiunt withom
rating ranpe

exhaust gas chemical composition resulting from incomplete
ucts of combastion in the exhaust pas

2 acontrof circuit in which simultancous flow into and out of g
vented by 3 pressare-positioned threcway valve

nosmodulating. term for & antrol system or device in which the controlled variuble tflow,

prosure. e oveles hetwe

s hmitslsometimes calfed 3 “hung-hung” system
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nonpositive-displacement pump. pump in which the fluid pressure is raised by alternately
adding to and then diffusing the kinetic energy of the fluid: examples of this type of pump
are the axial-flow, Barske, centrifugal-flow, drag, Pitot, and Tesla

normally closed valve. powered valve that returns to a closed position on shutoff or on
failure of the actuating energy or signal

normaily open valve. powered valve that returns to an open position on shutoff or on failure
of the actuating energy or signal

normal positions. positions assumed by the elements in a fluid-system component when no
operating forces are applied

“normal” propellants. bipropellants that derive thermal energy primarily from oxidizer-fuel
reactions: see “energetic” propellants

nozzle. 1. carefully shaped aft portion of the thrust chamber that controls the expansion of
the exhaust products so that the thermal energy produced in the combustion chamber is
efficiently converted into kinetic energy, thereby imparting thrust to the vehicle; 2.
convergent passage in a pump or turbine that directs fluid into or leads it away from the
impeller or turbine wheel

nozzle extension. nozzle structure that is added to the main nozzle in order to increase
expansion arca ratio or provide a change in nozzle construction

nozzle ring. set of channels or passages through which fluid is directed onto the turbine
wheel

NPSH. net positive suction head
nucleate boiling. formation and breaking away of bubbles from active bubble sites (nuclei)
on a submerged heated surface: the rising bubbles stir the liquid so that beat transfer from

the surface to the liquid is much greater than that due to nommal convection

Nusselt number. dimensionless parameter expressing the ratio of convective heat transfer to
conductive heat transfer

nutation. motion of the axis of a spinning object {e.g.. a top ora gyroscope)
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O/F. ratio of mass flowrate of oxidizer to mass flowrate of fuel at the time of combustion

offset or shear deflection. lateral deflection of one end of x flexible joint or duct such that
its centerline i parallel to the centerfine of the opposite end

oil canning. flexing of unsupported shect metal

omega joint. expansion joint shaped like the uppercase Greek letter omega; used in the wall
of a manifold or duct to relieve stresses due to thermal growth

on-off. term referring to a system or device in which full-stroke actuation or deactuation
occurs in responss to input signals

open loop. term referring to an electrical or mechanical system in which the response of the

output to the input is scheduled or preset: there is no feedback of the output for
comparison and corrective adjustment

operating pressure. nominal pressure to which the fluid-system components are subjected
under steady-state conditions in service operations

operational deflections. deflections imposed on a structure during engine operation or flight
{e.g.. by thrust vector gimballing. thermal differential, flight accelerations, and mechanical

vibration)

operational pressure transients. rises in operating pressure (due to water hammer, rapid
startup. or shutdown) with sufficient duration to be felt as loads on the system or structure

operator. any device that causes an actuator 1o function

orange peel. surface roughening that occurs when a metal of coarse grain b stressed beyond
its elastic limit: the grain pattern formed resembles the outer surface of an orange

“O7ring. sealing ring with a circular cross section. whick may be cither hollow or solid:
generally made of elastomer or plastic but can be metal

O-ring squeeze. compression of the Oring cross section between opposite surfaces of a gland

oscillatory combustion. unstable comtustion in the rocket engine or motor, characterized
by pressure oscitiations in either transverse or axial modes
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outgassing. release of gas from a material when it is exposed to an ambient pressure lower
than the vapor pressure of the gas; generally refers to the gradual release of gas from
enclosed surfaces when an enclosure is vacuum pumped

overexpansion. expansion of nozzle exhaust gas to a pressure lower than the ambient
pressure

overstroke. displacement of an operating component that exceeds the maximum allowable
displacement

overtravel tolerance. feature of rotary valves such as the ball or blade whereby shutoff can
be achieved cven when the valving element is not rotated to exactly the same closure
position each time

oxidizer. material whose main function is to supply oxygen or other oxidizing materials for
deflagration of a solid propellant or combustion of a liquid fuel
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pack cementation. method of applying a coating by packing the article to be coated in 3
powder mixture and heating 1o reaction femperature

packing fraction. volume {raction of solids when packed o minimum volume

parsbolic characteristic. relation between valve flow and valving clement stroke in which
flow varies with the square of stroke

passivation. formation of a2 compact and continuous corrosion-resistant film on the surface
of metal exposed to air (natural passivation) or to a chemical solution (artificial passivation)

payload penalty. extent to which the weight of a given component in any part of the vehicle
decreases the woight allowable for the useful load {usually the spacecraft) that the vehicle

garries

percussion primer. mechanical initiator in which the impact of a firing pin against an dnvil
ignites an impacisensitive initiating charge

perforation. central cavity of a propeliant grain
perimeter. outer bound:ry of the flow area 3t 2 ghven station in a solid-propeliant rocket

permesbility. index to the resistance of 2 given penetrable barrier to passage fpermeation) of
3 given gas

phase. solid. Hguid, «r gascous homogencous form existing as a distinct part of 3
heterogencous system

pilot. i. mechanicsl cloment acting on another mechanical element to provide correct
alignment or proper relative position: 2. guxiliany unit in 3 hydnulic or pneumatic circuit
{sce pilot valve}

pilot circuit. flowcontrol clements {orifices, diaphragms, springs. etc) that. in combination
with 3 pilot valve, control the operation of a larger valve

pilot operated. term denoting the use of an auxiliny or rlay valve that controls the
actuation pressure 1o a large valve so that low-energy circuits can be used for the control of

highenergy systems

piiot valve. fow-capacity valve that amplifies 3 low-power control signal to operate a larper
valve
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pinion. toothed wheel with a small number of teeth designed to mesh with 2 larger wineel or
rack

pintle valve. flow-control device utilizing a translating tapered shaft (pintle) to change flow
area through an orifice or flow passage

pitch. 1. angular motion of a vehicle about a lateral axis passing through its midpoant or
center of gravity and perpendicular to the longitudinal axis; 2. distance between
corresponding points on adjacent teeth ofa gear or on adjacent blades on a turbme wherd, as
measured along a prescribed arc, the pitchline

Fitot pump. pump in which a rotating liquid ring & created inside a rotating dwmm:
pressurized fluid is scooped from this ring by stationary Pitot heads and dacted to the
outside

Pitot tube. tube having a short right-angle bend immersed vertically in a2 moving fluid with
the mouth of the bent part pointed upstream; used to measure fluid velocity

pitting. creation of surface voids by mechanical erosion, chemical corrosion, or cavitatiom
phin Dutch single weave (PDSW). woven wire cloth in which each shute wire posses
successively over one and under one warp wire, each successive shate wire altemating the

order: the shut wires are smaller than th= warp wires and are closely spaced, the result beang
adense weave

planish. to produce a smooth surface finish on a wrought metal, usually by rolling with
highly polished rolis

phastic. high-molecular-weight material that while usually firm and hard {although ofiirn
flexible) in its finished state is at some stage in its manufacture soft enough to be formaed
into a desired shape by application of heat or pressure or both

plastic deformation. permanent distortion of material under applied stress great enough 1o
strain the material beyond its elastic limit- also called plastic flow, permanent strain, and
permanent distortion

plastisol. flowable suspension of a polymer in a plasticizer that the polymer may lager
imbibe to produce gelation

plog nozzle. annular nozzle that discharges exhaust gas with a radial inward componeng-a
truncated aerospike

pneamatic. operated, moved, or effected by zas used to transmit energy
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pogo. term for feedsystemcoupled longitudinal oscillations of a rocket vehicle; named after
motion of a pogo stick

pointsource flow. concept in flowficld analysis in which flow is considered to originate at 2
point from which it diverges outward uniformly in all directions

poisen. any material that interferes with catalytic action

poppet. valving element {ball, cone, or disk) that moves perpendicularly to and frem s seat
to control flow

poppet valve. valve constructed to contrel flow by translatinga poppet toorfromaszatin
the valve housing: translation of the poppet away from the seat can result in essenfially
orifice flow

popping. sudden, short-duration surges of pressure in a combustion chamber
positive-displacement pump. pump in which fluid is forced into 2 high-pressure region by
reducing the volume of a chamber that s momentarily sealed off from a low-pressure region:

examples of this type of pump are the piston, Rootes, and vane

positive gain. term for a control circuit in which an increase in regulated pressure cavses an
smplified increase in control pressure

potential core. lenpth of unmixed flow in 2 gas generator
potential flow. flow with effects of viscosity not considerced

pot fife. Ienpth of time a polymerizing fluid system can be held or worked before settime up
to 3 gel or solid

Prandti-Meyer angle. angle through which supersonic flow may tum during expansion im the
nozzle

Prandtl number. dimensionless parameter expressing the ratio of momenhum diffusiviny 1o
thermal diffusivity

preflight. occurring before yehicle fiftoff
preload. the mechanical load applicd to components in an assembly 3t the time of assembly

1o ensure dimendonal accuracy and proper operation: bolt or nut torque, and spring force,
for example. are means for providing preload
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prepreg. reinforcing material impregnated with the full complement of resin when received
from supplier

prepressurization. sequence of operations that increases the ullage pressure to the desired
level some time before the main sequence of propellant flow and engine firing: in launch
vehicles, prepressurization occurs prior to liftoff

pressurant. gas that provides ullage pressure in a propellant tank

pressure-actuated seal. seal designed such that the pressure of the fluid being scaled activates
or increases the sealing action

pressure divider. term applied to a pneumatic or hydraulic circuit in which an intermediate
pressure between two flow restrictors in series is used as a control signal

pressure fed. term for a propulsion system in which tank ullage pressure expels the
propellants from the tanks and into the combustion chamber of the engine: cf. pump fued

pressure-ladder sequence. method to effect failsafe engine starfs by sequencing the
operation of rocket engine control valves. the sequencing is achieved by vent mechanisms in
the control system or propellant feed system or both that are triggered by pressure changes

pressure overshoot. maximum or relativ: maximum point that occurs on the pressure-time
curve, as in uilage pressurization or engine ignition

pressure ratio. 1. ratio of combustion chamber pressure to ambient pressure: 2. ratio of
turbine inlet pressure to turbine outlet pressure

pressure recovery. conversion of velocity head to pressure head in a fluid system

pressure regulator. pressure control valve that varies the volumetric flowrate through itself in
response to a downstream pressure signal so as to maintain the downstream pressure nearly
constant

pressure separating force (or load). force (or joad) generated by internal pressure tending to
separate two parts of a line assembly along the tine of the force: for a convoluted section
such as a bellows or metal innercore, this force is equal to the product of the internal
pressure and the cross-sectional duct area at the mean diameter of the convolutions

pressure surface. concave surface of 2 pump or turbine blade: along this surfuace, the fluid
pressures are highest
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pressurevolume compensator {PVC). flexible duct system that, by means of mechanical
linkage to a series of secondary bellows having an effective area equal to that of the primary
betlows. creates an opposing force that counteracis the end thrust

pressurization systeri. the set of fluid=ystem components that provides and maintains a
controlled gas pressure in the ullage space of space vehicle propeliant tanks

prevalve. v lve in the propulsion system located between the vehicle propeliant tankage and
the main s lves

primary I "age. feakuge from the upstream side to the downstream side of 3 fluidsystem
componen’

primary se-1. seal intended to limit primary leakage

prmaryses’ ring. ringshaped member in 2 face seal or in a ring seal: the face of the
primarysc. ring forms the primary seal with the mating ring

prime char - in an electroexplosive device, the matenial in contact with the bridgewire. the
electrical b ting of which causes the material to defluprate

primer. mo ral applied to surfaces of solid rocket motor cases. insulation. or liners to
enhance bod strenpths

procesabil’ . measure of relutive case with which 2 component. sssembly, or system can be
produced w1 state-of-the-art techniques

profile loss  ressure loss in a blade or vane row attributable to the airfoil

progressive burning. condition in which thrust. pressure, or buming surfoce increases with
respect 1o finie of 1o web bumed

progressivity ratio. ratio of final to initial buming surface of a solid propellant

proof pressure. pressure that 3 pressunized component must sustain and still function
satisfuctorily; proof pressure is the maximum Hmit pressure multiplied by the proof-test
safety factor and is the reference from whivh the pressure fevels for acceplance festing are

established

proof test. pressure fed! fo prove the structural inteprity of a component or assembly
without exceeding alfowable stresses or producing any pemuanent deformation

propellant. muterial carried in a rocket vehicle that releases energy during combustion and
thus provides thnust to the vehicke
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propellant stratification. non-isothermal temperature distribution in the propellant

propulsion system. vehicle system that includes the engines, tanks, lines, and all associated
equipment necessary to provide the propulsive force as specified for the vehicle

pump. machine for transferring mechanical energy from an external source to the fluid
flowing through it, the increased energy being used to lift the fluid or increase the fluid
pressure

pump fed. term for a propulsion system that incorporates a pump that delivers propellant to
the combustion chamber at a pressure greater than the tank ullage pressure: cf. pressure fed

purge. gas flow used to clear a volume (e.g., a manifold) of propellant or combustion
products

P,

PV factor. term in seal design for the product of face pressure (P) and relative sliding
velocity (V); the factor provides an index to severity of service and thus relates to a seal’s
wear life

LUK LR SRS

pyrogen. small rocket motor used to ignite a larger rocket motor

pyrolysis. chemical decomposition of a material by heat

pyrotechnics. igniters (other than pyrogens) in which solid explosives or energetic
propellant-like chemical formulations are used as the heat-producing material
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quality assurance program. planned and systematic pattern of all actions necessary to
provide adequatz confidence that an end item will perform satisfactorily in actual operation;
slso calied quality control

-

‘ quantity/distance. term for a system for specitying safe distances for location of buildings
- for processing or storing propellant or propellant ingredicnts (liquid or solid)

‘ . quick disconnect. see disconnect

quincunx. geometrical pattern in which four items are spaced equally around a central item

T———— —
KO Y
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race (or raceway). track or channel in a bearing in which the rolling elements ride

rack and pihian. mechanical linkage for operation of a rotary valve in which the actuator
shaft incorporates a straight-sided rack to drive a pinion gear attached to the rotary shaft

radial-burning. term applied to a solid-propellant grain that bums in the radial direction,
cither outwardly (e.g., an internal-bumning grain) or inwardly {e.g., an internal-external
buming tube or rod and tube)

radial equilibrium. flow in an annular passage in which there is no radial velocity
component; i.e., the fluid pressure forces in the radial direction are in equilibrium with the
centrifugal forces

radial lip seal. mdiai seal that features a flexible sealing member, the lip: usually made of
elastomeric material. the lip exerts radial sealing pressure on a mating shaft

radial passage. manifold passage that is normal to the injector flow direction

radial seal. positive-contact seal that exerts radial sealing pressure over an annular shaft area
radiation cooling. cooling of a combustion chamber or nozzle in which heat loss by
radiation balances heat gained from the combustion products, and the chamber or nozzle

wall thereby operates in thermal equilibrium

radius ratio. ratio of radius of curvature of the wall in the nozzle throat region to the radius
of the nozzle throat

ramping. opening or closing of a valve at a controlled rate to achieve a desired flow-vs-time
relation

random vibration. vibration characterized by a wide continsous band of muitiple
frequencies

Rayleigh flew. steady frictioniess flow in a constant area duct with heat being added or
removed

reaction. 1. term in pump and turbine design for the ratio of static headrise in the rotor to
static headrise in the stage: 2. response of a vehicle to the thrust of the vehicle engines: 3.
chemical activity between substances (e.g.. propellant and contacting surfaces)

recompression. reflection of exhaust gas from ambient jet boundary
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recovery moment. bending caused by centrifugal force ina blade that is tilted from 2 radial
finc

recovery temperature. sec adiabatic wall temperature

sedline. 1. term denoting a critical value for 3 parameter or a condition that, if exceeded,
threatens the integrity of 3 system, performance of a vehicle, or success of a mission; 2. to
establish a critical value as described in 1,

redundant. incorporating multiple identical components to achieve increased reliability

sedundant design. design in which more than one unit is available for the performance ofz
given function, so that failure of a unit will not cause failure of the system or abort the
mission

reference lusd relatively constant force that is used to modulate a valve within a gesired
value

reference streamline. path of the flow atonz which the velocity is assumed for transonic flow
calculations

regenerative cooling. cooling of the wall of 2 combustion chamber or nozzle by circulating a
propeliant, usually fuel, in coolant passages in or wrapped around the outer surface of the
wall to be cooled

*

regression. erosion of the surface of a material

regression  analysi. statistical technique based on the method of least squares for
establishing a mathematical representaion of empiriczl data

regressive bumning. condition in which thrust, pressure, or buming surface decreases with
time or with web bumed

regulator. flow-control device that adjusts the pressure and controls the flow of fluid to
meet the demands of 2 liquid-propeliant rocket sysiem

reliability. the probability that a system, subsystem, or component will perform its required
functions under defined conditions at a designated time and for a specified operating period

relief valve. pressurerelicving device that opens sutomatically when 2 predetermined
pressure is reached

repeatability. capability of a component or assembly to operated in the same way and in the
same time each time it Is actuated
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repressurization. sequence of operations during vehicle flight that utilizes an on-board
pressurant supply to restore the ullage pressure to the desired level after a bumn period

reseat pressure. pressure at which a flow-control device (e.g., a valve) will close and shut off
flow as specified .

resilience. the property of a material that enables it to return {o its original shape and size
after deformation; e.g,, it is this property of a sealing material that makes it possible fora
seal to maintain sealing pressure despite wear, misalignment, or out-of-round conditions

response. 1. the behavior of material when a stimulus is applied; 2. the reaction of a
component to an input stimulus or signal

response time. in a flow-control device, the interval from receipt of signal fo completion of
the commanded action, a total comprised of electrical delay plus pneumsztic or hydraulic
control system delay plus travel time for the movable element

restricted surface. surface of a solid propellant grain that is prevented from buming by the
ase of inhibitors

restriction inlet. flow path of reduced cross section or an orifice through which gas flows
into a control-pressure region; gas is discharged through a throttling valve positioned by the
pressure sensor

restriction outlet. flow path of reduced cross section or an orifice through which gas is
discharged from a control-pressure region; gas flows into the control-pressure region through
a throttling valve positioned by the pressure sensor

restrictor. discrete flow resistance in a fluid flow passage; usually an orifice

retort. vessel used in an oven or furnace to enclose the work being heat treated in a
controlled atmosphere

retro rocket. small rocket engine used to produce a retarding thrust or force on the vehicle
s0 as to reduce vehicle velocity

reverse-flow design. design of a gas generator that produces turbulent mixing and largely
prevents hot streaking by forcing the flow to stagnate and then reverse its direction

reverse transition. change from a turbulent to a laminar boundary layer as a result of flow
acceleration (laminarization)

Revnolds number. dimensionless parameter expressing the ratio of the inertial forces to the
viscous forces in fluid flow
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right characteristic. characteristic line that truvdds downstream and to the right of the
supersonic flow direction

ring seal. piston-ring type of seal that assumes its sealing position under the pressure of the
fluid 1o be sealed

rise off. term denoting that a given event occurs only as a result of vehicle vertical motion
from the fsunch pad

rise time. interval from fist continvous chamber pressure increase to attainment of a
specified fevel of thrust or prossure

rocket engine. the p ction of e chemical propulsion system in which combustible
materials (propellants) are supplicd to a chamber and bumed under specified conditions and
the thermal enerpy is ¢ nverted into Kinetic energy. or thmst, to propel the vehicle to which
the engine is attached  The form Vrocket engine™ usually is applicd to a machine that burns
liquid propellants and herefore requires rather complex systems of tanks, ducts. pumps.
flowontrol devices. ¢ .o the term “rocket motor™ customarily is applicd to a machine that
bums solid propellant and therefore is relutively simple, requiring basically only the solid
propeliant grin within » case, an igniter, and 1 nozzie. In this monograph. the femm “rocket
engine” is used to refer o chemical-propulsion<ystem engines as 2 cluss,

rocke! motor. scc rocke engine

Rockwell hardness. ind  _{ation hardness {of metals and plostics) determined by meusuring
surface indentation or ¢ nctration by 3 dismond cone or steel ball under a specified load

rollingelement bearin.  <ec beuring

rolling element. ball. nc  fe, or tapered roller in 3 rollingclement bearing

rolloff chart graph p r onto which the involute surface of an sctual gear tooth is
transiated by an inspec :n machine to 3 straight line, so that deviations of the footh surface
from a perfect involute o re readily ohserved

root. juncture of blade a0 d rotor hub or of vanc and vane support

Rootes pump. totary ¢ -1p consisting of two intermeshing camdike rotors that produce 2
positive-displucement pr - iping action

rosette ayup. spiral arro- »oment of plics in which plics are laid up at an angle with the inner
surface of the thrust chomber wall in both radial and axial directions



rotary seal. mechanical seal that rotates with the shaft and is used with a stationary

mating ring
rotor. turbopump shalt plus all attachments that rotate with it

runaway regulator. regulator that has failed in the fully open position. the resuit being

uncontrofled downstream pressurc

run in. period of initial operation during which the wear rate is greatest and the contact

surface of mating components is developed

R = -1. expression showing that imposed strain in fatigue tosting B equal in both directions

from ancutral
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safe/arm (S8/A) system. mechanism in a solid-propellant igniter that in the SAFE condition
physically prevents the initiating charge from propagating to the energy refease system: in
the ARM condition, the mechanism reliably and reproducibly propagates ignition to the
energy release svstem

s2fe operating pressure. maximum operating pressure allowable without using shiclds to
protect personnel and associated hardware

safety factor. so- design safety factor

Schmidt numb dimensionless parameter expressing the ratio of momentum diffusivity to
mass diffusivity

screech. high-froquency oscillatory combustion, characterized by shrill noise emanating
from the comb rion chamber

scuffing. mild < . gree of galling that results from the welding of asperities by frictional heat:
the welded asp ities break, causing surface degradation

seal. device in - 7luid system that limifs or cont-ols leakage of fluid from one location to
another in the ,stem, limits or controls leakage from the system to the exicrior, or

excludes contar inants from the system

seatant. liguid/c 'id mixture installed at joints and junctions of components o prevent
¥eakage of fluid - ~p. gas} from the joint or junction

seaf extrusion. ¢ nanent displacement, under the action of fluid pressure, of part of a seal
into a gap provic 1 for such displacement

sealevel engine. - ket engine designed to operate at sea level: ice.. the nozzle flows full at
sea-level pressure

seal lip. part of a lip se2! that comes in contact with the mating surface and that. together
with the mating surface, forms the primary seat

seal nose. part of » face seal that contains the sealing surface: also calted seat noscpiece

seat rubbing specd. speed a1 which the rolating mating ring on the shaft rubs against the
stationary seal nosepicie

seal weld. weld scam with the primary function of sealing apainst fluid leakage
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seatl. surface in valve housing that the valving element contacts to shut off flow and limit
primary leakage

secondary leakage. leakage from fluid-system component to the exterior
secondary seal. seal intended to limit secondary leakage:eg. asealona valve shaft

selfcooled. term applied to a combustion chamber or nozzle in which wall temperature s
controlled orlimited by methods that do notinvolve flow within the wallof coolant supplied
from an external source

self-pressurization. increase of ullage pressure by vaporization or boiloff of contained fluid
without the aid of additional pressurant

sensible atmosphere. that part of an atmosphere that offers significant resistance to a body
passing throusgh it

sensitivity. measure of relative susceptibility of a propeliant to deflagration or detonation
under specified conditions

separated flow. flow detached from the wall of the flow passage

servovalve, modulating operator that amplifies a low-power control signal  for
variable-displacement, closed-loop control of actuator position

shaft. a bar (almost always cylindrical) used to support rotating pieces or to transmit power
or motion by rotation

shaft-riding elements. components such as collars and sleeves that are attached to the surface
of the pump shaft and are not an integral part of the shaft

shaft-riding seal. circumferential seal that is keyed to the shaft and whose outer surfaces
mate with the shaft housing

shaft runout. twice the distance by which the center of a shaft is displaced from the axis of
rotation. Le., twice the eccentricity

shake table. device for subjecting components or assembilies to vibration in order 10 reveal
vibrational mode patterns:also called simply “shaker™

shelf life. storage time during which an item remains serviceable, fe., will operate
satisfactorily when put in use
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shingle layup. geometric arrangement of plics in which the plies overlap cach other as in 2
roof covering

Shore hardness. indentation hardness of plastics or elastomers measured by use of 2 blunt
indenter point under a specified load

shrond. 1. short extension of the outer wall of 2 plug nozzle downstream of the throat: 2.
continuous covering of the outer surfaces of an impeller or other rotat. ¢ component

shutoff valve. valve that terminates the flow of fluid; usually 3 two-way valve that is sither
fully open or fully closed

sgma. term in statistics: the standard deviation from the mean

seeve valve (linear). valve with a cylindrical sleeve element that reciprocates in the cylinder
bore 1o open or clos: the flow area by uncovering or covering annular slots in the bore

sheeve valve (rotary'. valve with concentrically mated slotted cylinders that open and clow
the flow area by ro::tion of one cylinder relative to the other

sknger. washerlike Jevice mounted next to a mating ring and used for imparting mdial
momentum to 3 liquid in order to keep the liquid away from the sealing interface

slip coefficient. ind-< to the ability of an impeller with a finite number of blades to impart
the same tanyentia’ = hirf to the fluid as an impeller with an infinite number of blades

sip effects. discontinuitics in momentum and temperature in the boundary layer duc to
rarefaction of the exhaust gas

skp flow. flow in t! - transition regime of gas dynamics. wherein the mean free path of the
gxs molecules is of 1w same order of magnitude as the thickness of the boundary layer. The
£ in contact with a body surface immersed in the flow is no longer at rest with respect to

the surface

slipstream. flow of 1iuid around a structure that is moving through the fluid

siiver. portion of soli.{-propeliant grain remaining at time of web bumout

slotted crank. valving-clement linkage mechanism in which 2 slot in the lever of the otating
member holds the pin from the reciprocating actuator shaft so that linear actuator motion is

translated to rotary motion without additionat linkage to compensale for the change duc to
fotation
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slump. flow or sag of material (e.g., filled elastomer) after it has been applied to a chamber
wall or otherwise cast or troweled in place

8-N. stress vs number of cycles to failure: plots of such data are used in fatigue testing
soft poppet. poppet that has a soft sealing surface

soft sealing surface. surface fabricated of material (plastic or elastomer) that can yield or
deform to provide the sealing action

soft seat. seat that is fabricated of an clastomer or plastic

solenoid. helically wound coil of insulated wire that when conducting clectricity generages a
magnetic ficld that actuates a movable core

solenoid valve. poppet. spool. or piston valve actuated by an integrally mounted solenoid
actuator

solid height. height of a coil spring compressed 1o the point where the coils are in comzact
and no further compression is possible

solidity {blade). ratio of blade chord length to blade spacing

solid lubricant. see dry film lubricant

solidus temperature. temperature af which melting starts

spacecraft. separable, sclf-contained. seli-propeiled vehicle designed to opemte in space
either in orbit about carth or in travel to and orbit about another heavenly body: generally

is the final stage (useful pavioad) atop a launch vehicle

spalfing. flaking off of particles and chunks from the surface of a material a5 a result of
localized stresses

specific diameter. parameter in pump design used to relate pump physical size. head.
flowrate, and performance

specific impulse. performance index for rocket propellants, equal to the thrust produced by
propellant combustion divided by the muss flowraie

specific speed. parameter in pump design used 1o relate pump rotational speed. bead.
flowrate, and performance




spillage. amount of fluid that remains trapped within a double-valve disconnect whem the
disconnect is pantinlly disengaged and both valves have closed

spiral-wound gasket. static seal formed by winding a metal strip or ribbon and a sumable
filler laver into a spiral: it is usually comprised of strips having 2 *V"shaped cross sectoem

spoo! valve. valve utilizing 3 solid cylindrical valving element (spool) having two or more
funds that it closely within the bore of the housing: the valve opens or closes by transiating
the spool within the bore

spring rate. the foree. independent of initial tensior, required to extend the working kength
of a spring unif distance

square-root characteristic. relation between valve flow and valvingelement stroke in which
flow varics with the square root of the stroke: thi characteristic & abo termed guick
opening

squeeze-film damping. friction damping produced by pressure and flow forces in a thim film
of fluid subjected 1o high load and sheur

squib. term for an clectrocxplosive device
stabilisation device. soe combustion stuhilization device

stacking. assembling the coolant tubes of o liquid rocTet thrust chamber vertically on 3
puandrel that simulates the chamber/nozzie contour: this procedure facihtates fittine and
adjusting the tubes to the required contnur prior to brazing

stacking axis for line). term in pump design for the imaginary line on which the centers of
gravity of the profile sections are stacked 1o form the blade or vane shape from hub to 1ap

stackeff. cocentricity of the convolutions of 3 bellows with respect 1o cach other. the
-gecentricity ;;u:izﬁtiii ting in the sume direction during fabrication

stage. 1. sepamble, selfcontained. self-propetied section of a space vehicle: 2. s set of rotor
bludes and stator vancs in 3 turbine or an axizl-flow pump. or one set of impelier and
associated flow passapes in 3 contrifugs-flow pump: 3. the degree of pohmerization of 3
synthetic rosin

staged combustion. rocke! engine cyele in which propellants are portially bumed b 2
preboraer prior 1o being bumed in the combustion chamber
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stagger angle. angle between the chord line ard 2 reference direction, which usually is the

axis normal to the plane of the blade row

staging. 1. separating a stage or set of stages from a spent stage of a launch vehicle; 2.

incorporating two or more stages in a pump or turbine; 3. increasing the molecular weight of
a resin without effecting a cure

stagnation. condition in which flowing fluid is brought to rest isentropically

stagnation point. point in a flow field about a body immersed in a flowing fluid at which the
fluid particles have zero velocity with respect to the body

stagnation pressure. 1. pressure that a flowing fluid would attain if brought to rest
isentropically: 2. pressure of a flowing fluid at a

point of zero fluid velocity on a body
around which the fluid flows

stagnation region. the region in the vicinity of a stagnation point in a flow field about a
body where the fluid velocity relative to the body is negligible

stagnation temperature. temperature that a flowing fluid would attain if the fluid were

brought to rest isentropically from a given flow velocity (same as total temperature); for an
ideal gas, the process need only be adiabatic

stall. 1. in a valve, condition wherein the actuation force is equal to the dynamic force plus
the friction force, the valving element thus being stopped in a partially open position: 2. in a

pump, loss of pumping capability when flow separation in the rotor or stator flow passages
progresses to the point at which headrise drops abruptly

stall margin. margin between pump operation at the design-point flow coefficient and
operation at the flow coefficient at which the pump will stall

Stanton number. dimensionless parameter expressing the ratio of heat transferred to a fluid
to heat transported by the fluid

starting torque. turning or twisting force required to initiate rotary motion

static imbalance. distribution of rotor mass such that the rotor center-ofgravity axis is
translationally eccentric to the bearing axis. This mass eccentricity generates centrifugal
forces that are reacted by the bearings when the rotor rotates about the bearing axis. Static

imbalance. also referred to as force imbalance. can be corrected by adding or subtracting
mass in a single plane perpendicular to rotor axis
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static seal. device used to prevent leakage of fluid through 2 mechanical joint in which there
s no ralstive motion of the mating surfaces other than that induced by changes in the
operating environment

stator. part of a turbopump assembly that remains fixed or stationary relative to a rowating
or moving part of the assembly

stay time. averapge lenpth of time spent within the combustion chamber by each gas
molecule or atom involved in the combustion process; also called residence time

steady state. condition of a physical system in which parameters of importance (fluid
velocity, temperature, pressure, etc.) do not vary significantly with time! in particular, the
condition or state of rocket engine operation in which mass, momentum, volume, and
pressure of the combustion products in the thrust chamber do not vary significantly with
ime

sterilization. process in which a propulsion system package is rendered sterile (free from
micro-organisms and bacteria) by the application of heat or by the usc of a special
sterilization fluid or both

stiffness, resistance to deflection

stoichiometric combustion. the buming of fucl and oxidizer in precisely the right
proportions required for complete reaction, with no excess of either reactant

strain gauge. instrument used to measure the strain or distortion in a structural member or
test specimen subjected to a foad

streamline. line tangent to the velocity vector at each point in a flowficld:in steady flow. a
streamiine is the pathline of a fluid clement

stress concentration. localized increase in the stress in 2 structural member

stress corrosion. corrosion of a metallic surface enhanced (i, increased in mate} by the
existence of localized stresses, whether applied or residual

stresscorrosion cracking. delayed fracture of a material as a result of the combined action of
static tensile stress and a corrosive {agressive} environment

structural test motor (STM). motor model constructed for the purpose of evaluating the
structural integrity of a solid rocket motor deign

69

s - ———



B e T e e o b SR

stubout. tubular nipple protruding from a component to which the connecting line is
welded or brazed

stuffing box. cavity in the housing of a pump shaft designed to accept a packing for the
purpose of preventing leakage along the shaft

subcritical. coined word denoting (1) operation of rotating machinery below a critical speed
or (2) fluid maintained at pressures or temperatures below its corresponding critical point

sublimation. phase change of a substance directly from solid to gas (without apparent
Lquefaction)

submerged nozzle. nozzie configuration in which the nozzle entry, throat. and part or all of
the nozzle exit cone are cantilevered into the combustion chamber

subsynchronous whirl. whirl condition in which shaft whirl velocity is less than shaft
rotational speed ‘

subsystem tank. container of pressurized fluid or gas that is mounted internally in a vehicle.
is essentially isolated from adverse vehicle loads. and is of monocoque design

suction specific speed. index to pump suction performance relating rotational speed and
flowrate to the minimum NPSH at which the pump will deliver specified performance

suction surface. convex surface of 3 pump or turbine blade: along this surface. the fluid
pressures are owest

supercritical. coined word denoting (1) operation of rotating machinery above a eritical
speed or (2) fluid maintained at Pressurcs or temperatures above its corresponding critical
point

superdnsulation. high-efficiency laminated-foil insulator used in low temperature
applications: thermal conductivity is 1/10 to 1/150 that of common insulating materials

sustainer engine. auxiliary booster engine in a propulsion system that provides thrust after
the main booster engines cease firing

synchronous whirl. whirl condition in which shaft whirl velocity equals shaft rotational
speed

swaging. process of tapering or reducing the diameter of a rod or tube by hammering or
squeezing
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tailoff. period of decay in rocket motor thrust after the end of effective propeliant buming
tme

taiforing. modification of 2 basic solid propeliant by adiustment of propeliant properties to
meet requirements of a specific rocket motor

tangled-yam. term used to describe a nonrepetitive whirl orbit of a pump rotor

tank. pressure vesse! containing propeliant or pressurant to be used in a rocket vehicle fluid
system

tank components. 1. devices for controlling the behavior of propellants (positioning devices,
stosh and vortex suppression devices, baffles, standpipes, expulsion devices): 2. tank
insulation

tap density. bulk density of granular powder measured after tapping the container several
times

taper. 1. gradual reduction in or enlargement of coolant-tube diameter: 2. gradual axial
increase in grain perforation area slong 2 section of fixed shape

taper mtio ratio of maximum coolont-tube diameter to minimum fube diameter: usually
kept below 4

temperature jump. difference in temperature between the nozzle wall and the layer of gas
molccules next to the wall, 3 result of rarcfaction of the exhaust gas

tension system. duct system wherein the fluid-column or longitudinal forces due to internal
pressure are not transmitted 1o the supporting structure; the fluldcolumn loads of such 2
duct system are reacted by axial fension in the duct walls

thermalcompensating  orifice. orifice whose flow arca adjusts fo compensate for
temperature changes in the controlied fluid

thermal cycling. exposure of 3 component to altemnating levels of relatively high and low
femperatures

thermal induction interval. time period during which the tompemture of the solid propeliant
surface & mised by external keating to the fempemture 3t which chemical reaction rates
become significant




thermal reactor. term for a monopropellunt gas-generator design in which the combustion
chamber does not contain 2 catalyst bed, and convection processes are depended on to
promote the decomposition reactions

tnermodynamic suppression head. an effect, due to a decrease in fluid vapor pressure and in
fluid density, that acts to decrease the critical NPSH requirement of a turbopump

thermorheological simplicity. term for a concept in material studies denoting that effects of
temperature on the relaxation modulus can be accounted for by adjusting the time scale,
expanding (for cold) or contracting (for hot)

three-dimensional grain configuration. grain whose burning surface is described by
three-dimensional analytical geometry (one that considers end effects)

three-way valve. valve having three controlled ports, usually one inlet and two outlet ports

threshold stress intensity. highest stress intensity for which there is no crack growth in a -
material in a particular environment during a sufficiently long loading period

throzt. portion of a convergent/divergent nozzle at which cross-sectional area is minimal, the
region of transition from subsonic to supersonic flow of exhaust gases

throat gap. width of the annular passage at the throat of an annular nozzle or of a variable
venturi valve

throttle valve. valve to control flowrate of a fluid by means of a variable-area flow

restriction; this kind of valve may have an infinite number of operating positions as
contrasted to a shutoff valve, which is either fully open or fully closed

thrust. propulsive force developed by a rocket engine during firing

thrust-balance system. set or arrangement of devices that provides the (pressure X area)
force necessary to balance axial thrust in a turbopump

thrust barrel. structure in the rocket vehicle designed to accept the thrust load from two or
more engines: also called thrust structure

thrust chamber. the assembly of injector, combustion chamber, and nozzie
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thrust coefficient. ratio of engine thrust to the product of nozzle throat area times nozzie
inlet pressure

thrust collector. structure attached 1o 2 rocket engine during testing 1o transmit the engine
thrust to thrust-measuring instruments

thrust4ime profile. plot of thrust vs time for the firing duration of a rocket engine

thrust-vector control. steering or guidance of vehicle by angular deflection of the rocket
engine thrust vector; e.g., by gimballing the engine

time-temperature shift factor. shift in time required to superpose curves of iensile relaxation
modulus vs time nnto a single curve

timing. operation of a valve in a prescribed manner within a prescribed time

tolerance stackup. additive effect of all the allowable manufacturing tolerances on the final
dimensions of the assembly; also called tolerance buildup

torquemotor. electrical motor of small rotary displacement that incorporates a control
winding composed of two separate coils and a permanent magnet

torsional deflection. deflection imposed on a flexible joint by applying a torque about its
longitudinal axis

total pressure. same as stagnation pressure

total temperature. same as stagnation temperature

transient. condition of a physical system in which parameters of importance (temperature,
pressure. fluid velocity, etc.) vary significantly with time: in particular, condition or state of
rocket enginc operation in which the Mass. momentum, volume, and pressure of the

combustion products within the thrust chamber vary significantly with time

transient period. interval from start or ignition to the time when steady-state conditions are
reached

transpiration cooling. cooling of a porous inner wall of 2 combustion chamber or nozzle by
flow of coclant fluid through the porous material: the fluid may be supplicd from an
external source or generated within the material (as in ablation)

mansverse slot. slot inside 2 propellant grain. positioned at an angle approximately 90° 1o axis
of the rocket motor
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travel time. elipsed time from first motion of the movable element in a flow-control device
to full-open or fullclosed position

triple point. mtersection of the solid/vapor, solid/liquid, and tiquid/vapor fines in a phase
diagram: at this point, soiid, liquid, and vapor phases may coexist is equilibrium

triplet. injector orifice pattern consisting of one or more sets of three orifices that produce
streams converging to a point; usually fuelis injected through outer orifices. and oxidizer is
injected throush the central orifice )

tripping. see boundary-layer trip
tube crown. portion of the coolant tube that forms the outer wall of the cooling jacket

tube-wall comstruction. use of parallel metal tubes that carry coolant to form the
combustion camber or nozzle wall

turbine. machine consisting of one or more bladed disks (rotor or turbine wheel) and one or
more sexs of fixed vanes (stator) inside a casing, so designed that the wheel is turned by
incoming fluid (usually hot gas) striking the blades

turbine velodity ratio. ratio of pitchline velocity to isentropic spouting velocity, 2. index for
classifying turbine type and for estimating performance

turbopump. zm assembly consisting of one or more pumps driven by a hot-gas turbine
turbopump sy¥stem. an assembly of components (e.g., propellant pumps, turbine(s), power

source) designed to maise the pressure of the propellants received from the vehicle tanks and
deliver them to the main thrust chamber at specified pressures and flowratss

turbulence rmg. circumferential protuberance in the gasside wall of a (gas generator)
combustion chamber intended to generate turbulent flow and thereby enhance the mixing
of burning gases

turbulent flow. fluid flow in which the velocity at a given point fluctuates randomly and
irregulardy in both magnitude and direction

turndown rafio. ratio of maximum to minimum controlled flowrates of a throttle valve
turning vane. see vane

twilled double Dutch weave (TDDW). woven wire cloth in which each shute wire passes
successively over two and under two warp wires and each warp wire passes successively over

two and under two shute wires; the shute wires are smaller than the warp wires and overlap,
the result being a dense weave; used for filterelemen’s
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twodimensional  grain configuration. solid-propethint grain whose buming surface is
described By two-dimensional analvtical geomelry {oros section is independent of fengthy

two-phase flow. simultancons flow of gases and solid particles (e.g.. condensed metal oxide).

or of Hquid and vapor
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ullage. volume by which a container (tank) falls short of being full of liquid, the empty
space being filled with gas

ullage pressure. pressure in the ullage space of a container, either supplied or self-generated

ultimate load (or pressure). load (or pressure) at which catastrophic failure (general collapse
or rupture) of a structure occurs

_ ultimate stress. stress at which a material fractures or becomes structurally unstable

. umbilical. line or duct connecting the launch vehicle to ground facilities that supply power
= or fluids

o UMR injector. injector that produces a uniform mixture ratio and thus a combustion region
with relatively uniform temperature distribution

underexpansion. expansion of the nozzle exhaust gas to a pressure higher than the ambient
pressure

untwist forces. forces acting on a twisted blade that produce a torque tending to reduce the
= blade twist

- upcomer. nozzle tube in which coolant flows in a direction opposite to that of the exhaust
— gas flow

- upper stage. the second or later self-propelled separable section in a rocket vehicle having
i two or more such sections
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valve. mechanical device by which the flow of fluid may be started, stopped, or regulated by
a movable part that opens, closes, or partially obstructs a passageway or portin a containing
structure, the valve housing

valve-type disconnect. quick-disconnect coupling that includes valve elements for sealing
purposes at separation

valving element. the movable portion of a valving unit that translates or rotates to vary flow
or to shut off the flow of liquid

valving unit. combination of the valving element and the valve seat contained in a suitable
housing

rsfvih‘é{m‘ét throat. flow arca between the valving element and seat of the valving unit

vane. onc of a sct of slat-like objects rigidly fixed to 2 wall or other nonmoving part of a
fluid system, each slat being carefully shaped, usually as an airfoil, o as to guide or direct
the flow of fluii or create a special kind of flow

vane pump. pumnp consisting of a rotor with sliding vanes (blades as herein defined) that is
mounted in an cccentric housing

vapor honing. method of eroding (or cleaning) a metal surface by blasting a fine erosive
material against the surface, a vaporized fluid being used as a carrier for the material

vehicle tank. tank that serves both as primary integral structure of a vehicle and as a
container of pressurized propellants

velocity head. pressure (ie., head) of a fluid due to speed of flow, i.e., the difference
between total pressure and static pressure

welocity slip. velocity of the gas molecules next to the nozzle wall, a result of rarcfaction of
the exhaust gas

vent-and-relief valve. specialized version of a relief valve wherein the assembly acts as an
outlet for ullage vapor during filling of a tank and then performs as a relief valve during
operation

vent vabve. pressure-relicving shutoff valve that & operated on external command. as
contrasted to a reli={ valve, which opens automatically when pressure reaches a given level
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vemier engine. small rocket engine attached to a rocket vehicle to provide low thrust levels
for precise control of velocity

Vickers hardness. indentation-hardness test in which the indenter is 2 diamond cone of 3

specified angle between opposite faces: the load, test duration, and rate of descent of the
indenter are specified

virtual mass. mass of fluid near 2 moving body (e.g.. a blade) that moves with the body and
thereby increases the effective mass in motion

viscosity. fluid resistance to flow caused by internal molecular attraction

visor valve. ball valve utilizing only a segmented shell of the bali: this design reduces weight
void. air bubble in 1 cured propellant grain or in rocket motor insulation

volumetric efficiency. measure of the desirability of 3 given design for an expulsion device:
ratio of loaded liquid volume to internal tunk volume

volute. spiral-shaped part of 3 pump casing that collects fluid from the impeller in a single
channel of gradually increasing area
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warmant passages. passages provided in cryogenic-valve hydrautic actustors fo maintam
actuator temperatures above specified operating minimums under extended hold conditions

warp yam. yarn running paratle! to the length of the fabric

water hammer. literally, the sound of concussion in a conduit when 3 flowing liquid &
suddenly stopped: more generally, the pressure surge in the system that resulls from such
stoppage

wave spring. disk/washer element deformed to have a multiple-wave pattern in 2 plane
perpendicular to its axis

wear rate. amount of surface wear in a designated time period

web. minimum thickness of a solid propellant grain from the initial ignition surface to the
insulated case wall or to the intersection of another buming surface 3t the time when the
buming surface undergoes 3 major change: for an end-bumning grain, the length of the grain
web fraction. ratio of web to grain outer radius

weld dropthrough. excessive weld-bead projection on the inner wialls of 3 fuid pxssapr

wet cycle. operation of a flowwontrol device with propeliant or test fluid in the fow
passage

wettability. case with which a fluid will flow over and adhere to 3 surface {e.g.. molten
solder on 2 heated metal surface}

whirl. motion of a rotating shaft in a path or orbit abouta longitudinal axis different from
the axis of rotation: whirl may be forced or selfexeited

wind. flow of gas from region of high pressure to region of jow pressure as 3 result of mas
and mixture-ratio maldistribution. When the flow is radial to equilibrate pressure acros 2
given axial location, the movement is termed radial wind

windage. circulation or pumping of fluids caused by impeller action of rotating components:

a gas contained in a cavity with rotating shafts. gears. or bearings will circulate within the
cavity by winduge
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work hardening. an increase in hardness (stiffness) of a metal brought about by subjecting it

at temperatures below the recrystallization range. 1o stresses great enough to plastically
deform the metal; work hardening may occur during fabrication or during use, but in either
event the material loses ductility ‘

worm screw (or ball screw). mechanical device used to convert rotary motion to
reciprocating motion for positioning the valving element

wraparound. term for a flexible duct or hose assembly that “wraps around™ the
thrust-vector-control gimbal of a rocket engine in the plane of the gimbal
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yaw. angular motion of 2 vechicle about a vertical axis through its midpoint or center of
gravity and perpendicular to the longitudinal axis

yield load. load that must be applied to a structure to causc 2 permanent deformation ofa

specified amount

yield stress. stressat which a material exhibits a permanent deformation, usually specified as

0.0020 inch per inch (0.2 percent)

yoke. cross member used in mechanical devices {(e.g. yalves) 1o connect two movabie

clements with a single driver
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zero-g. term applied to a condition or state in which the force of gravity is absent

85

s vae—s mermegey S 2.

L -
Pipiiindnddetnl, Womorny

gyt -e—v-}i

e

gy



-

———

TABLE OF CONVERSION FACTORS

{Factors for Converting U.S. Customary Units® to SI Units®)

US. customary Conversion
Physical quantity unit Si unit factor
Acceleration fifsec? mfsec? 3048x10-1
Angle deg rad 1.745x1072
Angular velocity pm radfsec 1.047x10°1
Ares circ. mil mm? 5067x10~4
e . m? 9.290x107?
in2 em? 6.452
Bending moment incdu’ Nm 1.130x107}
Burn rate in fsec mmfsec 234x0!
Chamber pressure
times thrust Bfifn? N/em? 3.067
Density gnfem? kg/m? 1.00x10?
bmif? kgim? 1.602x10!
bmfin3 kg/m? 2.768x10*
BN mm-rpm mm-nadfsec 1.047x10°¢
Enerpy B 3 1.054x10?
cal ] 4184
fiibf }] 135
Enthalpy B 3 1.654x10°%
cal I 4.184
Enthalpy {spesific} Biu/lbm g 2324x103
Flowrate gpm . m3/min 3.785x107?
bm/sec kgfsec 4.536x10°!
Force 111 KN 4448
orf N 2.780x10}
Fracture toughness keiqn ¥ {kN/m?m¥ 1.099x10°
FV factor Ibffin. X fifsec N/em X mfsec 5338x107!
z fifsec? misec? 3.048x07!

*A definition of aff symbeks and sbbrevistlons for unitc appears at the end of the table. The symbol gm ix wied for gram 1o
ditinpuith it from the symbol g wied for the unit foree of pravity.

“ijxrfg fer tempersture conversnns, which 31¢ 1o be made 31 shown, multiply vafue ghven in US. cunmtomary unit by
convenion fictor fo obisin equivalent value in Sf unit, For 3 complere Histing of convertion factors for basic physical
quantities, soe Mechily, £, AL The Internstionat System of Unite, Phydcal Comstants 3nd Convertion Factors. Secord
Rowion, NASA SP7012, 1971
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Gus constant, specific

Gas constant, universal

Head or
headrise
Heat flux

Heat generation rate

Heat generation rate
per unit area

Heat of ablation

Heat of explosion

Heat-transfer coefficient

Humidity
Impact energy
Impulse (total)

Imbalance

Leakage rate”

Length

Load

Load factor
Load/unit leneth

Magnetic field
strength
Mass

E ] . .
Conversion to non-S! units scmum, scom, eic.

(ftdb/(IbmR)
(in-dbf)/(Ibm-"R)
cal/(mol-°K}
(ft1bf)/(Ibm-mol-°R)
(in-1b){(Ibm-mol-°R)

ft
(ftIb/lbm
Btu/(f1%-sec)
Bru/(ft2-hr)
Btu/(in.% sec)
cal/(cm?sec)
Btu/sec

Btu/(sec-in.2)
Btu/lbm

cal/gm
Btu/(hr-f12-°F)
cal/(sec<m?2-°C)
gr/lbm

ft-lbf
Ibf-sec
in.-ozf

scfm

scim

o

A

ft

in.

mil
in.
Ibf

psi
Ibffibm
Ibffin.

gamma
er

Ibm
ozm

88

are provided for complcteness,

J/(kgK)
J/(kg-K)
J/(kg-molK)
J/(kg-molK)
Jf(kg-molK)

m
Jikg
W/m?
W/m?
W/em?
W/ecm?
w

W/cm?
Jikg

Jkg
W/(m?K)
W/(cm2-K)
ke/kg

scmm
scem
scem
scch

“§EEg°254

N/em?
N/kg
N/em

J

& &

5380
4483x10™!
4.184x103
5380
4.4383x1071

3.048x10~1
2989
1.135x10%
3152
1.634x102
4.184
1.054x103

1.634x10?
2324x103
4.184x103
5674
4.184
1.428x1074

1.356
4448
7.061x10™3

2.832x102
2.832x10%
1.639x10?
9.834x102
1.00x10-8
1.00x1074
3.048x10~!
2.54
2.51x10!
2.54x1072
4448
6.895x10!
9.867
1.751

1.00x107%
6.480x10°5

4.536x107%
2.835x1572
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Mass density
Mass diffusivity
Mass flux

Modulus {compressive:

elastic: rensife)

Molecular weight

P2el strength
Permeativity

Power
Power lux
Pressure

PV factor
Resistiviry

Roll moment
Rotational speed

Sectien madulus

Specific heat
Specific impulse

Sprin - =te or
stif ey
Stefan-Boltzmann
constant
Sirain
Strength {compressive,

tensife shear. yield etc}

Stress {compressive,
fensile. 210}

{ibmsec?)fin*
2 fhr
ibmKin3aec)
IbmMinEmin}
Ibmi {2 sec)
pt

ksi

Ibm/{Ibm-mol}

If/in.
(tbm-mal)/(in.2-hr-psi)

hp
W/in.2
am

in. Hg (60°F)
ksi
mm Hg (0°C)
psfr
psi

torr {0°C)
pi X ftfsec

ohm/emf
ohm-in.

fiibf

yevfsec

pm

in?
Buuf(lbm-°R}
cal/(gm-°C)
{Ibfses}lbm

bffin.
Bruf(he-1i2.°R%)
infin.

psi

ksi

pi
ksi

8%

(kgsec?)fem*

mifhr
kg/(cm? sec)
kg/{cm?.min)
kef(m?sec)
Niem?
Niem?

N/m?

kN/m?
kg/(kg-mol)

N/em

{kg-mol}/(cm?-hr-

N/em?)
v
W/em?
N/m?
N/em?
kN/m?
kN/m?
Nfem?
N/m?
kN/m?
N/em?
N/em?
MN/(msec)

pohm-cm
ohm-<cm
N-m
radfsec
rad/sec

m3
Hike X
H{ng X}
misec
{Nseciiie
Niem

Hisec o™ K%

em/om
Niem?
N/m?
Niens?
N/m?

1.050x1072
9.290x1072
7.030x1072
7.030x1072
4.882

6.895x107}
6.895x10%
6.895x10%
6.895x10°
1.00

1.751
1.020x10™!

7.457x10?
1.560x10"!
1.013x10°
1.013x10!
31386
6.805x10?
1333x102
4.788x10!
6.89%
6.895x10"!
1.333x1072
2.102x1073

1.667x107!
.54

1.3%
6.283
1047x107!

1630101
3.183x10?
1.184x10?
9807
9807
1751

33101100

I
&.8935x107!
6.895x10°%
6.895x107}
68951107
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Surface finish

Surface speed
{rubbing speed)

Surface tension

Taper
Temperature
Temperature difference

Tensile strength
or stress

Thermal conductivity

Thermal diffusivity
Thermal energy
Thermal expansion

coefficient

Thermal resistance
Thrust
Torque

Velocity
Viscosity, absolute

Viscosity, dynamic

Viscosity, kinematic

Volume

Wear mate

Yield strength
of stress

Young’s modulus

pin,
fifsec

dynesfcm
bi/ft

in.fin.

Btu/(hr-ft-°F)
Btuf{hrin -°F)
{Btu-in }/(hr-fi2°F)
Btu/{sec-ft-°F)
calf{em-sec-"C)
ft2fhr

inZfhr

Btu

inf(in"F)

(°F-sec)/Buu
Ibf

ftdbf

in-bf
in.-ozf

ftfsec
in.fsec
{Ibfsec)/fi?
(Ibfsec)fin?
bm/(ftsec)
bm/{in.sec)
gmf{cm-sec)
in.2fsec
centistokes
fi3

gal

in3

in./hr

ksi

m 2.54x1072
m/sec 3.048x107!
N/m 1.00x1073
N/m 1.459xi0!
cm/em or mm/mm 1.00

K K=°C+273.15
K K=(5/9) C°F +459.67)
K K={5/9)(R)
K K=°¢C

K K={5/9)(°For°R)
kN/m? 6.895x103
N/m? 6.895x103
Nicm? 6.895x1071
WHm-K) 1.730
WimX) 2.075x10!
W/(mXK) 1.441x107t
WHmX) 6.227x103
Wiem-K) 4.184
m?/hr 9.200x10~2
em?/hr 6.452

I 1.054x10°
mf{m-K) i.8

Kw 269x107%
N 4.448

Nm 1356

N-m 1.130x107!
N-m 7.061x1073
mjsec 3.048x107t
cm/fsec 2.54
{Nsec)/m? 4.788x101
(N-sec)fem? 6.895x10™1
{Nsec)/m? 1.4838
(N-sec)fem? 1.786x1073
{Nsec)fom? 1.00x10°5
cm?jsec 6.452

em? fsec 1.00x1072
m® 2.832x1072
m? 3.785x1073
em? 1.639x10!
mm/hr 2.54x10!
Niem? 6.895x107!
kN/m? 6.895x103
Njem? 6.895x1071




DEFINITION OF SYMBOLS AND
- ABBREV!ATIONS FOR UNITS

*if A angstrom unit (10-'°m)
: atm atmosphere
) Bru British thermal unit
°C degrees centigrade (Celsius)
. cal calorie (thermochemicaly
¢ire. mil circular mil {area of 3 circle | milin diam )}
: om centimeter (10 2n)
- omf circular mil foot
%
: deg degree
°F degrees Fahrenhelt
f1 foot
£ scceleration due 1o gravity
gl galion
gm gram (1072 g}
gpm gallons per minute
gr griin
hr horsepower
hr hour
in. inch
i Joule
K degrees Kelvin
ke kifogram
kg-mol kilogram-mole {mass in kilograms numerically equal to molecular weighsd
iN kilonewton (10° N)
ksi 10° pounds force per square inch
b pound force
H pound mass
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J

w o

mil

min
mm
MN

mol

ozf
ozm

psf
pst

°R
rad
rev

pm

scch
scem
scfm
scim
scmm
sec

T
W

uin.

um

“Measured atz pressure of 1 atm and

meter

1073 in.

minute

millimeter (1073 m)
meganewton {10% N}

mole (mass in grams or pounds numerically equal to molecular weight)

newton

ounce force
ounce mass

pounds force per sguare foot
pounds force per square inch

degrees Rankine
radian

revolution

revolutions per minute

standard cubic centimeters per hour”™

standard cubic centimeters per minuge™®

standard cubic feet per minute®
standard cubic inches per minute®
standard cubic meters per minute®
second

tesla

watt
micro-inch (107% in.)

micrometer {10~% m)

perature of 70°F (standard condition}
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{IASA SPACE VEHICLE DESIGN CRITERIA
MONOGRAPHS ISSUED TO DATE

FRVIRORNMEXN!

SPR008

sPsain

sPEnn

sPaotd

SPRaEY

sPRa

LS
AT
Lo B

sPanl

LUS S ESS
LU}

B

Sedar Flecrtomuaenene Rudution, Resiced Mav 1978
Maslels of Murs Annocphere { 19741 Revieed Becamber 1974
Madels of Vennd Annocphens 119723 Revised September 1977

Metcarsid Favieonment Model 969 (Near Path 1o funa LA RN 3
Manch o

Magnene Fieldy Parthosnd stostesrestinal Murch 199

Bnefaes Modeb of M 19731 Reviaed Neptember P73

Madeh o Farth™s Anmosphons 90 1o 2300 L), Beveed Aarch 172
Pt Sartace Madelo, M I

Asevment and Usstiodaof Spucoonaft Magnene Pickds, Seprember 1970

Meteorondl Pavnomnent Malel g ghaterphanctssy s Planctany,
Wrober 970

Fhe Farth™s honogphicse, Muach 1971
Fasth Athodo and Pauted Radoton, Joh 197
he Plaset Jupnes (19700, Ieoombes 1974

Sotacy Ammenphene Patemes 11amch angd Toonporiatng wend
Revssed June 1974

he Planet Mercnns 119711 Muecls 117
The Plaser Satma (19708, June 972 -

Aswanent and Control of Spocecnan Hoctiomarnene Interlvrence,
June P72




SPRi03

SP3105

SPR11t

SP3liie

SP38117

SPsits

spgi2

STRUCTURES

SP-5001

SP3u02

SP-5003

SP-5004

SP-3006

SP-3007

SP-s00s

SP-3009

5P-3012

SPs014

SP-3019

5P-3022

SP-5029

SP-»330

SP-3031

The Planets Uranas. Neptune. and Pluto (1971). November [972
Spacecraft Themal Control. May 1973

Assessment and Control of Hevtrostatic Charges. May 197

The Earth’s Trapped Radianon Belis. March 1975

Gravity Fields of the Solar System. April 1973

Interplanetary Charged Particle Models (1974}, March 1975

The Environment of Titan (1975). July 1970

Buffeting During Atmospheric Ascent. Revised November 1970
Flight-Loads Measurements Durdng Launch and Exit. December 1963
Flutter. Buzz. and Divergence. July 1963

Panel Flutter. Revsed June 1972

Local Steady Aerodynamic Loads During Launch and Exi. May 1963
Buckling of Thin-Walled Circular Cylinders. Revised August 968
Prelasnch Ground Wind Loads. November 1963

Propellant Slosh Loads. August 1968

Natural Vibration Modal Anahvsis, September 1963

Entry Thermal Protection, August {968

Buckling of Thin-Walled Truncated Cones. September 1968

Staging Loads. February 1969

Acrodynamic and Rocket-Exhaust Heatug During Launch and Ascent,
May 1969

Transient Loads From Thrust Excitation, February 1969

Slosh Suppression. May 1969
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s$P.R012

sP.803%

P3040

SPR012

SP.anel

SP5044

SP.3045

595046

sP.20%0
SP.103
SP-a0id

§P.R053F

SP.505:

SPR05T

SP5000
5F-5001
P50t
SP.06 1
§P-2060
SP-506%
25077

SPR077

Buckling of Thin-Walkad Doubly Corsed Shells. August 1969
¥ind Loads Dunng deeni June 1970

Fracture Control of Metallic Prosure Vessels, May 1978
Meteorodd Damuage Accsument, May 1970
Design-Development Testing. May 1970

Qualification Testine Mayv 1970

Acceptance Testing Apnt 1970

Landing Impact Anenuation for Non-Surface-Planing Landers. Aprit
1970

Structurs! Vibration Bredaction, June 19970
Nuctear snd Spuce Radution Erfevtcon Muterial, June 1470
Space Radustion Pasection, e 1970

Provention of Conpled Stracrure Propubion hntabitin {Povot Ovrober
970

Flicht Separation Macdunrans, thioher 1970

Stencturat Bosign Crmerns Apphoahle o3 Space Shattle, Bestoed Murch

72

Compaoent Yentine Xowember 1979

nteraction with Hmbdwab and Laonch Stand, Aapoa 1970
Entey Gxdvnomic Hanne Liman 1¥7)

Lubsication, Frction. and Wear, June 1971

Deplovable Acnadynamic Deceleration Svdteme. June 1971
Buckling Strenpth of Stenctiza! Putes June 1971

Acoustic Laads Genenated by the Propoldon Sustem June 1971

Transportation 3nd Hasdling Loads. September 1971
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SP-3079

SP-3082

SP-8083

5P-3093

} SP-5099

< SP-8104

SP-8108

SP-3015

SP-8016

SP-3013
SP-3024
SP-8026
SP-8027
SP-80238
SP-8033
SP-3034

SP-8036

SP-8047
SP-8058

SP-8059

GUIDANCE AND CONTROL

Structural Interaction with Contrel Systems. Novemb 1 1971
StressCorrosion Cracking in Metal, August 1971
Discontinuity Stressesin Metallic Brossure Vessels. November 1971

Preliminary Criteria for the Fracmre Contred of Space Shuttle Structures.
June 1971

Combining Ascent Loads. May 1972

Structural Interaction With Trangportation and Handling Systems. Lmuary
1973 :

Advanced Compasite Structures. Dacember 1974

Guidance and Navigation for Entry Vehicles, November 1964

Effects of Structural Flexibility on Spacecraft Control Systems. April
1969

Spacecraft Magnetic Torques. March 1969
Spacecraft Gravitational Torques. Mxx 1969
Spacecraft Star Trackers. Juiy 1970

Spacecraft Radiation Torques. October 1969

Entry Vehicle Control. November 1969

Spacecraft Earth Horizon Sensors. Dazember 1969
Spacecraft Mass Expulsion Torques. December 1969

Effects of Structural Flexibility on Launch Vehicle Control Systems.
February 1970

Spacecraft Sun Sensors. June 1970
Spacecraft Aerodynamic Torques, Jamary 1971

Spacecraft Attitude Coatrol During Thrusting Maneuvers, Febroary
1971
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Tubhula Spacecrstt Booms {Exrendible, Reel Stared), Fobnun 1971

Spacehome Dt Comptter Sustems, March 1971

Passne G LGoadient Dibosten Dampers, Feboun 1971
Spaceviatt Solan Cell s M 197

Spacebame Plectione husgme Sustens June 1971

Space Vehuele hsplans Design Critena, March 197

Space Vehiole G roncope Sensar Appheations, October 1972

Frieers of Suuctunl Flevbihty on Faine Veliele Control Si<tema,

June (972

Space Vehiele Aceelerometer Application<. Becember 1972

Liqued Rovhet Fogme hyectors, March 1970

Ligmd Rovher Fugme Flnd-Cooled Combuction Chambers, Apnl (972

Lapuid Rocker Pogine Combustion Subidzanon Devices, Novembe:

1074
Laquad Revket Fogme Xossdes, July 1970

Furhopump Ss<tens tor Digond Rocket Pugines, ugnst 1973

Ligund Rovbet Ungme Contofugad Flow Torhopaps, Decomber 1973

Lagqund Revhet Fagme Al Flow Turbopumps, Apnt 1975
Lagund Rovket Pupose Tuthopomp Inducens, Ma 1971
Luqund Rovker Fuge Db Jasany 1974

agund Propetlnt G Generstors, Such 1972

Leqund Rovke Vagme Furhbopump Heanmgs, Mach 197

Drgund Bocler ogime Rotstne Slut Seaby Feboony 197
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SP-8101

SP-R100

SP-3083

SP-8094

SP-8097

SP-8090

SP-811v

SP-8123

SP-8112

SP-3030

SP-8064

SP-RO75

SP-8076

SP-8073

SP-8039

SP-8051

SP-8025

SP-3093

SP-8113

Sp-8ti4

SP-80+1

Liquid Rocker Engine Turbopump Shatts and Couplings. September
72

Liquid Rocket Engine Turbopsnp Gears, March 1973

Liquid Rocket Metal Tanks and Tank Components. Mav 1974
Liquid Rocket Valve Components. August 1973

Liquid Rocket Valve Assemblies. November 1973

Liquid Rocket Actuators and Operators, May 1973

Liquid Rocket Disconnects Couplings. Fittings. Fixed Joints. amd Seals
September 1976

Liquid Rocket Lines. Bellows. Flexible Hoses. and Filters. Apsil 1977
Pressurization Systems for Liqusd Rockets. October 1975

Liquid Rocket Pressure Regulators. Relief Valves. Check Valves. Burst
Disks. and Explosive Valves, March 1973 ’

Solid Propellant Selection and Characterization. June 1971

Solid Propellant Processing Fastors in Rocket Motor Design. October
1971

Solid Propellant Grain Design and Internal Batlistics. March 1972
Solid Propellant Grain Structural Integrity Analysis, June 1973
Solid Rocket Motor Performuance Analysis and Prediction, May 1971
Solid Rocket Motor Igniters. March 1971

Solid Rocket Motor Metal Cases. April 1970

Solid Rocket Motor Internal Insubition. December 1976

Solid Rocket Motor Nozzles, June 1973

Saolid Rocket Thrust Vector Control. December 1973

Captive-Fired Tasting of Solid Rocket Motors. March 1971
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