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Designation: D 2541 — 93

Standard Test Method for
Critical Diameter and Detonation Velocity of Liquid
Monopropellants *

This standard is issued under the fixed designation D 2541; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilonef indicates an editorial change since the last revision or reapproval.

1. Scope not necessarily imply that the same results would be obtained

1.1 This test methddcovers the evaluation of two proper- inan aluminum, copper, glass, etc., tube of similar dimensions.
ties of a high-energy liquid propellant. In one form, the critical TYP& 347 stainless steel tube is acceptable for a standard
internal diameter is determined in a given type of metal orrefe(enqe test, but fo_r practical appl_|cat|on, diameters should be
plastic tubing below which propagation of stable high-velocityStudied in the materials and wall thicknesses proposed for use.
detonation will not take place. In the alternative form, which 42 When working with high-energy liquid propellants,
uses more material, detonation rate is concurrently measure®erious consideration shall be given to the possibility that a
The composite donor of either size may be used in mos#iétonation originating in the engine can propagate upstream to
instances to initiate detonation in experimental trap designs. the propellant tank and cause a disastrous explosion. Therefore,

1.2 This standard does not purport to address all of theit is useful to know the minimum diameter of propellant line
safety problems, if any, associated with its use. It is th¢hrough which a detonation of the propellant in question can
responsibility of the user of this standard to establish approPropagate. If it is impracticable to use propellant lines smaller
priate safety and health practices and determine the applicathan this minimum, it will be necessary to design and test
bility of regulatory limitations prior to use. dgtonatmn traps in larger lines. .The minimum or critical

1.3 The values stated in Sl units are to be regarded as trfiameter (often referred to as “failure” diameter), when the

standard. The values given in parentheses are for informatigtPnditions are properly defined, can be a useful measure of the
shock sensitivity of similar systems. The detonation velocity of

only. the propellant in question is another property of interest.

2. Terminology 4.3 The three determinations, namely: minimum diameter
2.1 Definition: for propagation, detonation trap requirements, and detonation
2.1.1 critical diameter—the largest diameter that will not Vvelocity, have much in common; all presuppose the initiation

detonate when the donor is exploded. of a stable detonation in a liquid contained in a tube. The key

to the present test method is the use of a donor stage consisting

3. Summary of Test Method of the material under test. Although a compound initiator

3.1 Various diameters of tubing are filled with propellant,comprised of a blasting cap and high-explosive booster is
and an attempt is made to cause the propellant to detonate §ynployed, the true donor is a length of the subject material

use of a secondary detonating medium (the donor). sufficient to assure establishment of a stable detonation char-
o acteristic of the test medium ahead of the first test section or
4. Significance and Use measuring station. Questions of wall and boundary discontinu-

4.1 It should be emphasized that the critical diameter, ady are thereby eliminated along with the accompanying
determined under these conditions, is valid only for thesgomplications of impedance mismatch and perturbation of the
conditions and is not an intrinsic property of the sample. Oneshock front.
vital parameter in establishing the critical diameter is that of
confinement of the test specimen. The fact that detonatioﬁ' Apparatus

occurs or does not occur in Type 347 stainless steel tube does5.1 The liquid under test, depending on what measurement
or measurements are to be made, shall be contained in one of

the following three assembled units:

This test method is under the jurisdiction of ASTM Committee F-7 on 51.1 Assembly No. ICritical Diameter MeasuremerQFlg.

Aerospace Industry Methods and is the direct responsibility of Subcommittee

F07.02 on Propellant Technology. 1 a)):
Current edition approved March 15, 1993. Published May 1993. Orginally 5.1.1.1 Section A, Fig. 1a], shall consist of Type 347
published as D 2541 — 66 T. Last previous edition D 2541 — 83. stainless steel tubing (1-in. (254-mm) outside diameter by

2 This test method is identical in substance with the JANNAF method,* Critical . . .
Diameter and Detonation Velocity Test,” Test Number 8, Liquid Propellant Test0'049'm' (1'24'mm) wall thickness by 6-in. (152'mm) Iength)-

Methods, May 1964, published by the Chemical Propulsion Information AgencyWhen filled with test sample, it is considered the “self donor”
Johns Hopkins University, Applied Physics Laboratory, Johns Hopkins Rd., Laurelgection.
MD 20707.
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FIG. 1 Diagram of Apparatus

5.1.1.2 Section C, Fig. laj, shall consist of Type 347 cement or passed through neoprene sleeves, provided either is
stainless steel tubing (30-in. (762-mm) length) of any one otompatible with the test liquid.

the following sizes: (a) T-1 targets are pressure-shorting switches encased in a
Outside Diameter, Wall Thickness, copper tubeys in. (6.4 mm) in diameter by 1 in. (25.4 mm)

in. (mm) in. (mm) long. These switches are inserted through holes in the side of
. (ffé‘_%) PO gjj; the container. (The same item in an aluminum case bears the
% (15.9) 0.035 (0.89) designation T-2 target.)
;Z 825)7) 8-822 Eggg; 5.1.2.2 The downstream end of Section D is closed by
Ya (6.4) 0.035 (0.89) crimping or plugging. . _
Ys (3.2) 0.020 (0.51) 5.1.2.3 A longer container and more distance between

When filled it is considered the “test” section. stations, or a greater number of stations is required if greater

5.1.1.3 Section A and Section C is connected by means of @ccuracy in rate measurement is required.

stopper of rubber or other suitable material compatible with the 5-1.2.4 Ifthe test sample is limited, smaller diameters can be

propellant under test. The top of Section C is flush with the top/S€d- o B _

of the stopper. 5.1.3 Assembly No. ,SComblnatl_on Critical Diameter and
5.1.1.4 The downstream end of Section C is closed byP€tonation Velocity Measureme(itig. 1(c)):

crimping, plugging, or clamping, the latter being shown in Fig. 5.1.3.1 Section B, or “self donor” section, Fig.cl((see

1 () and €). A pinch clamp over vinyl tubing shall be used in 9.1.2.1).

freeing the container, especially one of small diameter, of 5.1.3.2 Section C, or “test” section, Fig.cl(see 5.1.1.2).

entrapped air during the filling operation. 5.1.3.3 Section C, connection to Section B (see 5.1.1.3).
5.1.2 Assembly No. ,2Detonation Velocity Measurement 5.1.3.4 Section C, closure at bottom (see 5.1.1.4).
(Fig. 1 (b)): 5.1.3.5 Additional timing stations can be positioned along

5.1.2.1 Section D or “test” section, Fig. h)( shall consist the length of Section C if rates are desired in small-diameter
of Type 347 stainless steel tubing (1-in. (25.4-mm) outsideubes.
diameter by 0.049-in. (1.24-mm) wall thickness by 11-in. 5.1.3.6 The apparatus as described is suitable for determin-
(279-mm) length). Two timing stations of either ionization ing critical diameters up to 1 in. (25.4 mm) (the donor itself
wires or T-1 targets (Note 1), 100 mm apart, and located aacts as the 1-in. section), but if the minimum diameter for
approximately 5 and 9-in. (127 and 229-mm) levels from thepropagation is greater than 1 in., a larger donor shall be used.
booster end, shall be used for the rate measurements. THdis donor should be % or 2 in. (38.1 or 50.8 mm) in
probes inserted in the container can be sealed with epoxgiameter, as necessary, but otherwise of the same length and
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wall thickness (0.049 in.) (1.24 mm) as the standard donor. Thall-cotton clothing and special conductive shoes.
diameter of the high-explosive booster and detonator holder 5.1.7 Rate-Measurement Apparatus\ 10-MHz counter, or
shall be scaled up to match, and the const#btof 2 shall be  an oscilloscope (with suitable camera attachment) with a
maintained. For instance, if the donor is 2 in. in diameter, thes-us/cm sweep frequency, can be used to measure the time of
booster will be at least 2 in. in diameter by 4 in. (102 mm) long.propagation between the stations (Note 1). The oscilloscope
5.1.4 Assembly No. 4Trap Testing—In testing detonation has an advantage in that the trace can give some evidence as to
traps, the trap to be tested is attached to either Assembly No.the cause of malfunctions when they occur.
or 3 in place of the small-size tubing being tested for critical
diameter (Section C). Certain configurations can require fiIIing[h
with liquid before assembly with the donor section. In this
event, the precautions under Section 6 shall be observed.
5.1.5 Booster—The booster charge shall consist of a cylin- 5.1.7.1 Time-Interval ~ or  Counter-Chronograph
drical pentolite pellet (or equivalent high oxidizers), nominally Apparatus—The instrument shall be a 10-MHz counter-
2%21in. (64 mm) long by 1 in. (25.4 mm) in diameter, weighing chronograph (0.1 ps time base) with a resolution of 0.1 ps in
51+ 0.3 g with a density of 1.65 0.01 g/cni, and containing  the range from 0.3 ps to 1 s. The unit shall have an input
an axial cavity¥s in. (6.4 mm) in diameter byz in. (12.7 mm)  sensitivity of 0.2 V rms. The input impedance shall be &M
deep for insertion of the electric detonator. direct or a-c coupled, trigger slopes either positive or negative.
5.1.5.1 Warning—Pentolite is not considered to be a par- Step attenuators shall provide trigger voltage adjustment hav-
ticularly sensitive explosive, but handle with due respecting a range of+1, 10, and=100 V.
Careless or rough handling can be fatal. Remembered, too, that5.1.7.2 Counter-Chronograph Input Circuitr-Counter-
practically all high explosives are quite toxic. Handle themchronographs currently in use require input voltage pulses with
with particular care to avoid spreading the material by contactelatively fast rise times and moderate amplitudes. Both of
of the hands with other parts of the body. Wash hands with soafhese conditions can be met with the simple R-C circuit
and water frequently. Working garments shall be free fromdescribed in two forms in Figs. 3 and 4. Since most counter-
dust-collecting features such as trouser-cuffs, and laundereghronographs permit polarity and slope selection of the trig-
frequently. gering pulses, it is convenient and frequently desirable to
5.1.6 Detonator—Detonation in the booster pellet shall be provide maximum pulse isolation by using opposite polarities
initiated by an electric blasting cap which fits snugly into thefor “start” and “stop” triggering pulses from adjacent probes.
hole in the booster. The cap used with the pentolite boosteFhe circuits shown schematically in Figs. 3 and 4 were
shall be a No. 8 commercial cap. designed to provide output pulses of opposite polarity when the
5.1.6.1 Warning—Electric blasting caps contain primary inputs are “shorted” through ionization probes or T-1 targets.
explosives, which are easily initiated by relatively mild physi- With the supply voltage polarities as shown, the output pulse at
cal shock. Consequently, every precaution shall be taken by is negative when,Js shorted, while the output pulse atis
those who work with them, with particular emphasis on gentlepositive when Jis shorted.
handling and protection from electrostatic charges. Accumula- 5.1.7.3 Oscillograph Circuitry—The circuit for the oscillo-
tion of static charges by personnel shall be prevented by use gfaph is shown in Fig. 5 and the circuit for the power supply is

Note 1—It can be desirable to use more than two stations or probes,
us obtaining replicate rate measurements. A circuit diagram for single-
oscilloscope rate measurements is given in Fig. 2.

All resistors = 10 percent, 1 W

R;—2000 O

R,—50 O

Rs—1 MQ

C,—3000 pf, =10 percent, 600 V, dc (C, may be changed to lengthen or shorten the pulse width)
C,—0.05u F, =20 percent, 600 V, dc

D—1N34 crystal diode

B—battery 25 to 50 V, dc

So—trigger station

S,, S,, S3, S,—rate-measuring stations

FIG. 2 Four Channel Mixer Circuit Producing Four Positive Pulses
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6.2 Before each shot, the firing circuit shall be tested for
continuity with a blasting galvanometer. The shot can be
conveniently fired from the remote control point by means of
a portable blasting machine. The firing line shall consist of
16-gage (1.29-mm) or heavier duplex copper conductor cable.

6.3 It is recommended that the firing line and all instrument
lines have a positive disconnect at the firing position. The

FIG.3 Bacis R-C Pulse-Forming Circuit safest practice is to provide amgroundedshunt block for
each of the lines, best located in a box with a hinged cover and
equipped with a lock. Routine inspection of all lines that are
subject to physical damage by fragments or abrasion due to
blasting shall be made and the lines replaced rather than
repaired by splicing and taping. The shunts are removed and
the connections made in the instrument and firing lines after the
blast area is cleared and secured just prior to firing the shot.

7. Preparation of Apparatus

FIG. 4  Practical 2-Channel R-C Pulse-Forming Circuit 7.1 Since the density of liquids varies with temperature, and
Producing a Positive Pulse in One Channel and a Negative Pulse detonation velocity varies with density, it will be necessary.
in the Other Channel - . . ’ ’

when determining detonation velocity, to measure and control

N , . L the temperature.
shown in Fig. 6. With this apparatus, it is necessary to

synchronize the circuit, and for this a twisted wire (NO. 32 B & Note 2—For example, the velocity of nitromethane varies about 3.7

S gage (0.202-mm) enameled copper wire is satisfactory) shdll/S-°C over the range from -20 to 70°C.

be inserted between the pentolite donor and the acceptor. 7.2 In the determination of critical diameter, temperature
5.1.8 Firing Chamber—It is necessary to provide protection will affect the result since the shock sensitivity generally

from high-velocity fragments and some means of recoveringncreases with temperature. Tests should therefore be made at

the remains, if any, of the acceptor tube. In some instances it 1°C within a tolerance of-5°C. Temperature control can be

also desirable to reduce noise from the shot. One solutioprovided by means of a jacket of insulated electrical heating

consists in using an all-steel chamber in the shape of a simpkape around the sample container(s) in conjunction with a

maze (Fig. 7). Less elaborate structures have been developediérmocouple(s). The heating tape can be fabricateditayimsy

other laboratories and function satisfactorily. Another chambe®.003-in. (4.8 by 0.08-mm) Nichrome ribbon a#@in. (6.4-

is illustrated in Fig. 8. The reinforced concrete wall is em-mm) glass fiber sleeving.

ployed to protect personnel who conduct the test from & procedure

distance of 200 ft (61 m). This type of enclosure is only 8.1 The fi L . h . f

acceptable where three sides of the test site are unoccupied for™" bl'e tILSt operation in setting uf ?AS ot bclor,‘j'Sti ﬁ

a distance of several hundred feet since it is possible that so Sembling enecessarypomponer)ts or Assembly NO. L, INO.
., No. 3, or No. 4, depending on which measurement is to be

fragments may travel this distance. It is recommended that th ) . ; )
J y made. This assembly is best carried out at a table or bench in

side apron of the metal shield be lined with a layer of high h i he firi hamber. Th
strength steel since this area sustains the most severe damz%q arge preparation area near the firing chamber. The con-

Additional liners can be welded on at the site as needed. Fig2"€" shall thef! be suspended by awire in t_he firing chamber,
9 illustrates another possible" test shelter.” nd when applicable the electrical connections to the target
probes madeWarning—These probes can operate with rela-
6. Hazards tively high potential. It is possible that an electrical fault can
6.1 Because of the fairly large quantities of eXplosivescauseapremature initiation. Therefore, the target probe circuit
involved in propagation tests, tests cannot be performed in th halllb.e constrgcted with the_ same safety precautions u;ed n
laboratory, but shall be carried out at a suitable firing siteN€ firing circuit. Pour the I|qU|d.under test a; the de.sllred
Before attempting to employ the test, those lacking experiencEamper"’l.ture slowly and carefully |nto' the container. In filling
should be thoroughly educated in the safe handling of explo§ma”_ dlamete_r tubes, entrapped air shall be removed by
sives. Special safety precautions are recommended where ening the pinch clamp at the downstream e_nd. C'°$e the
hazards exist that are peculiar to the materials or procedures mp when bubbles are no longer seen coming out in the
the test. No attempt has been made to treat the general aspeé i stream. . . . .
of safety in explosives handling, since the literaturé) (( . :2 The liquid level shall be as high as possmle wlthout
through [))® amply cover this subject. State and local regula_r|sk|ng overflow. Then cover the container with a film of

tions concerning transportation, storage, and use of explosivé’j’é)lyethylen_e (2105 _mils (9‘05 t0 0.13 mm) in thickness) or.
should be consulted arfdllowed. other plastic compatible with the test sample, to separate it

from the pentolite booster and detonator. The finished assem-
bly shall be tested at this time for leaks.

3 The boldface numbers in parentheses refer to the list of references appended to8-3 Prepare t_he cap by careful_ly removing it from its
this test method. cardboard packing tube and straighten the attached 12-ft
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FIG. 5 Two-Channel Pulse Generator for Propagation Rate Measurements

(3.66-m) leads. If these leads are not long enough for eventudlefective. Then connect the cap leads to the extension leads by
connection to the firing circuit at a safe distance (preferably outight twisting; take care to make sure that the two splices
of line-of-sight) from the firing chamber, extension leads shallcannot short out the cap by making contact with each other or
be used. (Electric blasting caps can be ordered with variouwith the ground. If no extension leads are used, short the cap
lead lengths.) By means of the blasting galvanometer, chedeads by twisting together (usually the cap is received this way
the extension leads for circuit continuity to make sure that theyrom the vendor). Then insert the detonator into the booster and
are shorted out (connected together) at the point wherplace the booster-detonator assembly on top of the cap. Hold
connection will be made to the firing circuit. After carefully the whole assembly in place at the top by a single wrap of
inserting the cap into a length of heavy steel pipe (12 in. (303nasking tape. Eliminate any air gap or bubble between the
mm) long by %2 in. (38.1 mm) in inside diameter by/2 in. liquid level and the booster.

(57.2 mm) in outside diameter, preferably located behind a 8.4 Open the firing-circuit terminal box (locked safety box
shield or around the corner from the operator), make a similatA,” Fig. 7), adjacent to the firing chamber. Check the circuit
continuity test to ensure that the wiring within the cap is notleading to the control point for continuity, and disconnect the
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FIG. 6 Power Supply for 2-Channel Pulse Generator

FIG. 7 Firing Site

extension leads (or cap leads, if no extension leads are usetle firing circuit, unlock the terminal box (locked safety box
from each other, and connect them to the respective firing*B,” Fig. 7), energize the velocity probe circuit, if used, and
circuit terminals. Then at the control point at the remote end otonnect the blasting machine to the terminals there. After
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FIG. 8 Firing Site (Alternative)

FIG. 9 Firing Site (Alternative)

sounding whatever warning device is used (siren, horn, buzzer, 8.5 Provision shall be made for adequate ventilation of the
etc.), fire the shot by operation of the blasting machine. firing chamber, for the gases present after a shot are usually
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highly toxic. When such gases have dissipated, the firindNo. 2 or 3). They should be 1000 m/s or more. Generally,
chamber may be entered (or opened) for recovery of théigh-velocity detonations are characterized by measured rates
remains and preparation of the next shot. between 3000 and 8500 m/s.

9. Interpretation of Results 10.2 In reporting the results, the number of shots should be
9.1 In every case, the length of tubing containing the donOIstated and, where possible, some mathematical expression of

section, that is, the forerunning section, should be completel\g"’m"’mon shqulq be given, such as average deviation or
destroyed and reduced to fine fragments. tandard deviation.

9.2 In the critical-diameter tests (Assembly No. 1 or 3), the 10.3 Any deviations from the recommended procedures
tubing under test will be completely fragmented its entireshould be reported with the test results.
length if it is greater than critical diameter or fragmented for
only a short distance if it is less than critical diameter. 11. Precision and Bias

Note 3—The critical diameter is reported as lying between the incre- 11.1 Due to the complex nature of this test method and the
mental diameters experimentally employed. expensive equipment involved in the initial setup of the

9.3 In detonation trap tests (Assembly No. 4) the tubing willapparatus, there is not a sufficient number of volunteers to
be similarly disintegrated for a length corresponding to thepermit a cooperative laboratory program for determining the
persistence of high-velocity detonation. Bursting or splitting ofprecision and bias of this test method. If the necessary
the tube, although having possible significance as regardslunteers can be obtained a program will be undertaken at a
safety of a particular system, is not a criterion of stablelater date.
high-velocity detonation.

9.4 Asufficient number of trials should be made to establish 2. Keywords

whether reproducibility has been obtained. . . . T
12.1 critical diameter; detonation velocity; liquid monopro-

10. Report pellants; monopropellants; propellants

10.1 Detonation velocities are calculated directly from mea-
sured time lapses over the distance between stations (Assembly
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