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Abstract

This study aims to assess the influence of a rib on the base pressure and the flow development in an abruptly expanded
duct at sonic Mach number. Initially, the simulations were done to validate the experimental results, keeping all the
parameters the same. Accordingly, a duct-of-area ratio of 6.25 was considered for validation. Five ribs of aspect ratios 3:1,
3:2, and 3:3 were used as a first step, and simulations were performed for the same nozzle pressure ratios. Results indicate
that for an area ratio of 6.25, there is a continuous decrease in the base pressure despite the nozzles being highly under-
expanded. The lower aspect ratio of the rib tends to reduce the base pressure, whereas a higher aspect ratio effectively
increases the base pressure for an area ratio of 6.25. Later simulations considered a single rib instead of five ribs, varying
the rib's heights from 1 mm to 5 mm. Results show that the base pressure increases considerably when rib heights are 4
mm and 5 mm. The influence of ribs at two duct diameters (25 mm and 18 mm) is studied to assess the impact of a
decrease in the area ratio and, hence, a decrease in the relief available to the flow. Results of duct 18 mm show that
passive control becomes very effective when a rib of 3 mm height is located at a 3D position. The differences in the base
pressure, velocity, and pressure field for each case are explored. The simulation results indicate that the rib breaks the
primary vortex at the base and forms multiple vortices. Turbulent kinetic energy increases in the presence of ribs more than
without a rib. © 2024

Author Keywords
Base pressure; Flow characteristics; Nozzle pressure ratio; Rib geometry; Suddenly expanded flow

References

« Perry, AK.
An Investigation into the Base Pressure of Simplified Automotive Squareback
Geometries
(2016), Loughborough University

« Ambo, T., Chen, L., Nonomura, T., Asai, K.
Effect of boattail angle on pressure distribution and drag of axisymmetric
afterbodies under low-speed conditions
(2019) Trans. Jpn. Soc. Aeronaut. Space Sci., 62, pp. 219-226.

« Aradag, S., Gelisli, K.A., Yaldir, E.C.
Effects of active and passive control techniques on Mach 1.5 cavity flow dynamics
(2017) International Journal of Aerospace Engineering, 2017.

« Viswanath, P.
Flow management techniques for base and afterbody drag reduction
(1996) Prog. Aero. Sci., 32, pp. 79-129.

+« Wick, R.S.
The effect of boundary layer on sonic flow through an abrupt cross-sectional area
change
(1953) J. Aeronaut. Sci., 20, pp. 675-682.

https://www.scopus.com/citation/print.uri?origin=recordpage&sid=&src=s&stateKey=OFD_1783682053&eid=2-s2.0-85191433026&sort=&clicked... 1/3



5/7/24, 9:18 AM Scopus - Print Document
« Bar-Haim, B., Weihs, D.
Boundary-layer control as a means of reducing drag on fully submerged bodies of
revolution
(1985) J. Fluid Eng., 107, pp. 342-347.

« Rathakrishnan, E., Sreekanth, A.
Flows in pipes with sudden enlargement
(1984) 14th Space Technology and Science Symposium, pp. 491-496.

« Rathakrishnan, E., Ramanaraju, O., Padmanaban, K.
Influence of cavities on suddenly expanded flow field
(1989) Mech. Res. Commun., 16, pp. 139-146.

« Viswanath, P., Patil, S.
Effectiveness of passive devices for axisymmetric base drag reduction at Mach 2
(1990) J. Spacecraft Rockets, 27, pp. 234-237.

« Kruiswyk, R., Dutton, J.
Effects of a base cavity on subsonic near-wake flow
(1990) AIAA J., 28, pp. 1885-1893.

« Rathakrishnan, E.
Effect of ribs on suddenly expanded flows
(2001) AIAA J., 39, pp. 1402-1404.

+« Khan, A., Mazlan, N.M., Ismail, M.A.
Analysis of flow through A convergent nozzle at sonic Mach number for area ratio 4
(2019) Journal of Advanced Research in Fluid Mechanics and Thermal
Sciences, 62, pp. 66-79.

« Jayaprakash, P., Dhinarakaran, D., Das, D.
Design and analysis of a rocket C-D nozzle
(2022) Int. J. Health Sci., 6 (April), pp. 3545-3559.

+ Yokota, S., Nagata, T., Kasai, M., Oka, Y., Nonomura, T.
Base pressure fluctuations on levitated freestream-aligned circular cylinder
(2024) Phys. Fluids, 36.

+« Rathakrishnan, E.
Base heating and stage separation of launch vehicles
(2023) Aeronaut. J., 127 (1315), pp. 1523-1535.

+« Khan, A., Mazlan, N.M., Ismail, M.A., Akhtar, M.N.
Experimental and numerical simulations at sonic and supersonic Mach numbers for
area ratio 7.84
(2019) CFD Lett., 11, pp. 50-60.

« Khan, S.A., Aabid, A.
CFD analysis of Cd nozzle and effect of nozzle pressure ratio on pressure and
velocity for suddenly expanded flows
(2018) Int. J. Mech. Prod. Eng. Res. Dev., 8, pp. 1147-1158.

« Ridwan, S.A.K., Aabid, A., Ali, J.S.M., Azan, M., Sapardi, M.
Numerical analysis of cavity-based control of base pressure variations at
supersonic Mach numbers
(2023) Fluid Dynam. Mater. Process., 24.
November 2022

« Husnina, N., Zuraidi, M., Khan, S.A., Aabid, A., Baig, M.
Passive control of base pressure in a converging-diverging nozzle with area area

https://www.scopus.com/citation/print.uri?origin=recordpage&sid=&src=s&stateKey=OFD_1783682053&eid=2-s2.0-85191433026&sort=&clicked...

2/3



5/7/24, 9:18 AM Scopus - Print Document

ratio 2.56 at Mach 1.8
(2023) Fluid Dynam. Mater. Process., 19 (3), pp. 1-20.

« Ridwan, Rosnin, M.A.R., Aabid, A., Khan, S.A,, Ali, J.S.M., Sapardi, M.A.M.
Effect of expansion level and relief to shear layer in a suddenly expanded flow: a
CFD approach
(2022) J. Adv. Res. Fluid Mech. Therm. Sci., 100 (3), pp. 202-229.

+« Khan, A., Rajendran, P, Sidhu, J.S.S.
Passive control of base pressure: a review
(2021) Appl. Sci., 11 (3), pp. 1-22.

« Aabid, A., Khan, S.A., Baig, M.
A critical review of supersonic flow control for high-speed applications
(2021) Appl. Sci., pp. 1-28.

« Faccioli, T., Orselli, R., Carmo, B.S.
Separation Efficiency Analysis of a supersonic separator nozzle with central body
(2023) 27th International Congress of Mechanical Engineering,
January

« Mali, A.K., Jana, T., Kaushik, M., Thanigaiarasu, S.
Manipulation of supersonic jet using grooved tabs
(2024) J. Appl. Fluid Mech., 17 (5), pp. 1027-1038.

+« Afkhami, S., Fouladi, N.
Gas dynamics at starting and terminating phase of a supersonic exhaust diffuser
with a conical nozzle
(2024) Phys. Fluids, 36.

« Gahlot, N.K,, Bagri, G.P., Saluja, R.K., Singh, N., Chalia, S.
Effect of Turbulence Modeling on the Performance of Mixed Compression
Supersonic Air Intake
(2024), pp. 1-10.
Authorea

« Hameed, M.H., Mohammed, H.H., Abbas, M.A.
Optimization of laminar flow in non-circular ducts : a comprehensive CFD analysis
optimization of laminar flow in non-circular ducts : a comprehensive CFD analysis
(2024) J. Sustain. Energy, 2 (4), pp. 175-196.

Correspondence Address
Aabid A.; Department of Engineering Management, PO BOX 66833, Saudi Arabia; email: aaabid@psu.edu.sa

Publisher: Elsevier Ltd

ISSN: 24058440

Language of Original Document: English
Abbreviated Source Title: Heliyon
2-s2.0-85191433026

Document Type: Article

Publication Stage: Final

Source: Scopus

Copyright © 2024 Elsevier B.V. All rights reserved. Scopus® is a registered
trademark of Elsevier B.V. RELX Group™

https://www.scopus.com/citation/print.uri?origin=recordpage&sid=&src=s&stateKey=OFD_1783682053&eid=2-s2.0-85191433026&sort=&clicked... 3/3



