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Abstract 
A fundamental exploratory experiment is conducted assessing the performance of a one-sided ejector 

with the eventual goal of noise reduction for jet engines. The hardware is comprised of an 8:1 rectangular 
nozzle together with an ejector box whose lower surface is flush with the lower lip of the nozzle. 
Secondary flow is allowed through a gap between the upper lip of the nozzle and a flap that constitutes 
the upper surface of the ejector. Wall static pressures and Pitot probe surveys are conducted to evaluate 
the performance of the ejector with variation of geometric parameters. It is found that addition of vortex 
generating tabs at the upper lip of the nozzle significantly increases secondary flow entrainment. The 
entrainment is further enhanced by a divergence of the ejector upper surface. Limited noise measurements 
are done. The baseline ejector (without tabs) often encounters flow resonance with accompanying tones. 
The tabs have the additional benefit of eliminating those tones in all cases. However, for the tabbed case, 
addition of the ejector produces insignificant further noise reduction. This is due to the fact that the flow 
remains unmixed on the lower half of the ejector. The focus of ongoing and future efforts is to achieve 
sufficient mixing of the flow so that the exhaust velocities are uniformly low, while keeping the ejector 
hardware short and lightweight.  

Introduction 
An ejector is a device that involves a shroud around a jet nozzle in which secondary or ambient fluid 

is entrained by the primary jet. The net mass flow rate at the exit of the ejector is increased and the 
corresponding velocity is decreased relative to the primary jet alone. Turbulent mixing at the interface of 
the primary and secondary streams facilitates the entrainment and therefore the efficiency of the device 
depends on the mixing process which in turn depends on geometrical as well as flow parameters. Use of 
vortex generators or lobed mixers at the primary nozzle lip can significantly enhance the entrainment 
process and the resultant pumping of secondary flow. Configurations involving such mixers have been 
typically referred to as ‘mixer ejector nozzles’.  

There have been numerous previous studies on ejectors as fluidic pumps and as a device for thrust 
augmentation. The vast literature on the subject may be appreciated from the fact that Reference 1, 
published in 1967, cited 585 prior publications, dating as far back as 1919. Much of the earlier work 
focused on analysis of ejector performance. Thrust augmentation and its application in Vertical/Short 
Takeoff and Landing (V/STOL) aircraft was addressed in many papers, (e.g., Refs. 2 to 4, and several 
prior works cited in Ref. 1). Later publications continued to address ejector flow and performance 
theoretically as well as experimentally, e.g., References 5 to 9. Other investigations addressed 
applications of the ejector and methods for improving its performance, e.g., References 10 to 13. The list 
of citations given herein is far from complete and an interested reader may look up the bibliographies of 
the listed ones for other past work. 

While the phenomenon of thrust augmentation by ejectors is attractive and applies to cases like 
V/STOL engines, where high lift is desired during takeoff and landing, in many flight applications it is 
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Figure 1.—Experimental facility. (a) Picture of facility showing, 1: plenum chamber, 2: nozzle, 3: ejector module, 4: 
moveable plate, 5: fixed lower plate, 6: Pitot rake, 7: microphone. (b) Close-up view of ejector. (c) Schematic of 
nozzle and ejector (dimensions in inches). (d) Schematic of upper plate showing static pressure port locations. 
(e) Picture of primary nozzle with tab strip attached. 
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(b)  (e)  

(c)  (f)  
Figure 2.—Static pressure versus Mj for different upper plate height H, as indicated; each graph has data from the 

five ports. Left column for no-tabs, right column for tabs. 
 

MJ

P
S

(p
si

g)

0 0.4 0.8 1.2

-4

-2

0

p1
p2
p3
p4
p5

H=0.885
G=0.208 NoTab

MJ

P
S

(p
si

g)

0 0.4 0.8 1.2

-4

-2

0

p1
p2
p3
p4
p5

H=0.885
G=0.198 Tab

MJ

P
S

(p
si

g)

0 0.4 0.8 1.2

-4

-2

0

p1
p2
p3
p4
p5

H=0.902
G=0.245 NoTab

MJ

P
S

(p
si

g)

0 0.4 0.8 1.2

-4

-2

0

p1
p2
p3
p4
p5

H=0.902
G=0.236 Tab

MJ

P
S

(p
si

g)

0 0.4 0.8 1.2

-4

-2

0

p1
p2
p3
p4
p5

H=1.040
G=0.390 NoTab

MJ

P
S

(p
si

g)

0 0.4 0.8 1.2

-4

-2

0

p1
p2
p3
p4
p5

H=1.040
G=0.380 Tab



NASA/TM—2019-220064 11 
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Figure 3.—Static pressure versus Mj for the tab case at several other values of H. 
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Figure 4.—Static pressure versus Mj at the five port locations (cross-plots of data for tab cases from Figure 2 and 
Figure 3); each figure has data for varying H. 
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(a)  (d)  
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Figure 6.—Static pressure versus Mj for three more ejector lengths, L; H=0.902. Left column for no-tabs, right column 
for tabs. 
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