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DISCUSSION3 ON RAMJET3 WITH CURTISS-WRIGHT AT WOODRIDGE, W.J., JAN. 31, 1948.

Present

Avro Persomnel: Messrs. M.A. Pesando
R.F. Marshall
W. Kusyk
J.H. Luceas

Curtiss-Wright Psrsomnel: Messrs., B. Nierenberg (Engineerinz Sales)
G.G. Brown (issistant Chief Engineer)
J.We McCrea (Chief Project Ewinoorg
R. Schaefsr ( " . "
G. Christie (Div. Sales Menager)
N.J. Rolleri (Asst. Project Engineer)
R. Juntwait
W.J. Mann (Sales Mgr., Curtiss-Wright Canada
E.L. Davies (Sales Engineer, C-W, Canada)

GENERAL

The conference cormenced with a brief rundown orn the history of the
Curtiss-Wright ramjets. The 20", 34" and 48" ramjets were briefly
discussed with respect to performarce, hardware and applicationm.
Notsworthy is the Hydrocon which is a fuel flow metering device
developsd by Curtiss-Wright. This portion of the meeting was comn-
fidential ard it was requested that visiting Avro personnel refrain
from 'note taking'. Rsmjet development commenced in 1946 at Curtisa-
Wright, develomment times for the 20", 34" and 48" remjets were 3, 6§
and L years respectively.

ARROW 4

The second phase of the confersnce dealt with the ramjet application

to the Arrow 4. A preliminary scheme was ocutlined on drawing RJD-7133.
Four 34" ramjets podded in pairs were proposed. Two-dimensional intakes
generating a doutls oblique shock were employed. 3everal proposals
regarding the fuel carrying abilities of the pods were presented, vis,

(a) 5000 1b. per sircraft in usesble fillets and the s ection aft of
the rear flame holders.

(b) (a) plus 5000 1b. per aircraft in centre body, the exact methods
pot finalised.



ARROW 4 (eont'd.)

(¢) Area rule or bulging the pods provide 2000 1b. per aircraft
additional fuel volume.

It is noteworthy that an attempt was made to utilise 'fillet volume' for
the major portion of the fuel carrying capabilities of the pods. This
feature iz costly and deviates from the original scheme of flooding the
ramjets.

Performance

A preliminary performance was estimated for ome 34" ramjet, end is
ahown in the following tablet

Mo 1.5 2.0 2.5 2.5 3.0
AR - f%t. 40,000 40,000 40,000 80,000 80,000
Fn - 1b. 2,998 7,634 16,164 2,238 3,180
gFC - 1b/hp/1b. 346 2.4 2.8, 3,00 3.20°
vf - lbo/hl'o 10,3‘70 18,4@ 459m 6,710 10,170
\ recovery max. +945 <945 -875 875 «750
" recovery opt. 92 <94 8% .807 .591

g
and, Ws * Wa * Wp

™, the net thrust, is defined as Fn = H’gvz - WoVo + A5(P5 « Po)

Wa = .995 Wo (ref. turbine
accessories)
Fe, the engine thrust is defined as

Fe = Fn - covwl, friction, wake,
additive drags.

Drag
Some pod drag figures were quoted, and are as follows:
Mo 0.9 0.9 1.4 1.4
CD cold '25 o% 52 60 (hﬂ.d on po
frontal are
Condition front and front and front faired front
aft faired aft faired only faired

The 2bove data applies to the pods and excludes any pylon or wing
effects. The aft end employed 8° battailing which in effect reduced
the base area by 25%.

* SPC not too good hers, possible to optimise for efficient Mach number
or to metal variable noszle.



2. ARRON 4 (contfd.)
Fusls

Recent develorments indicated that up to 25% of alumimm tri-ethyl
enriched JP4 or equivalent can be utiliszed to increase the operational
limits of the ramjet engine.

Addenda

Viton A was utilized ac the materisl for high temperaturs bearings seals.
Tests at WADC showed satisfactory results up to 500°C and %00/700 psi
(1imits of test) provided the seal wes not disessembled. The material
can be cbtained from several socurces, one of which is Lineas Inc.,

State ™. and levick °t., Philadelphis, Pa. This information, although
remote from the mein topic of the conference wea recorded as ussful
rossible date with respect to systems engireering of future Arrouws.

3. TOUR OF FACILITIES

Imnediately following luncheon a tour of the facilities progressed.
Actual remjet hardwere was displayed, i.e. the 20", 34" and 48" skeleton.
Curtiss-Wrigtt ramjats heve performed satisfactorily at up to 10 hours
1ife associsted with missiles. Curtiss-liright envisaged no particular
protlem in extending this life to 100 hours as required for Arrow 4 use.
After inspection of ramjets the imrressive test facilities, peculiar to
ramjet develorment were shown and described to the Avro group. It is
interesting to note that the value of this test facility was of the order
of $17,000,000. Present capsbilities of the facility are M=, and

85,000 ft. altitude. Development time for a new ramjet iz estimated at
24 months by Curtiss-Wright.

4. FINAL DISCUSSION

The final discussion concerned the seriousness of the Arrow 4 proposal,
i.e. the existence of a firm R.C.A.F. requirement. It wes agreed that
Curtiss-Wright personnel visit Avro in the pext few weeks to discuss
Arrow 4 policy prior to any presentation dy (lurtiss-Wright on ramjets
to the R.C.A.F.
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M.A. Pesando.
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