
 

 

 
 
 
 
 

ABSTRACT 
 
 
 
 

G-jitter characterizes a small fluctuating gravitational field brought about, 

among others by crew movements and machine vibrations aboard spacecrafts or in 

other low-gravity environments such as the drop-tower and parabolic flights.  In this 

dissertation, Crank-Nicolson scheme is used to determine the numerical solution of 

the g-jitter induced free convection with constant heat flux.  The governing 

equations are solved numerically using different values of Prandtl numbers.  Results 

included are the variations of the skin friction, wall temperature, the velocity and 

temperature profiles. 
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ABSTRAK 
 
 
 
 

Ketar-g mencirikan suatu ayunan kecil medan gravity yang terhasil 

antaranya oleh gerakan angkasawan dan getaran mesin di dalam kapal angkasa atau 

di persekitaran graviti rendah yang lain misalnya menara-jatuh dan penerbangan 

parabolik.  Dalam disertasi ini, Crank-Nicolson akan digunakan untuk mendapatkan 

penyelesaian berangka bagi kesan ketar-g ke atas pemindahan haba di permukaan 

sfera.  Persamaan-persamaan yang diterbitkan akan diselesaikan dengan 

menggunakan nilai Prandtl yang berlainan.  Keputusan kajian turut digambarkan 

secara grafik untuk geseran kulit, suhu serta profil halaju dan suhu. 
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CHAPTER 1 
 
 
 
 

INTRODUCTION 
 
 
 
 
1.1 Research Background 
 
 

Gravity is identified by physicists as one of the four types of forces in the 

universe alongside the strong and weak nuclear forces as well as the electromagnetic 

force.  Indeed, gravitational attraction is a fundamental property of matter that exists 

throughout the known universe [Rogers, Vogt, Wargo [1]]. 

 
 

Nevertheless, there are times when it is not advantageous for scientists to 

perform their researches under its full influence.  Therefore, these scientists will 

conduct their experiments in microgravity environment.  A microgravity 

environment is a condition in which the effects of gravity are greatly reduced where 

the apparent weight of a system is small compared to its actual weight due to 

gravity.  The environment where astronauts float in the International Space Station 

is one of the many examples of microgravity environment. 

 
 

Space experiments in accordance with microgravity have revealed unknown 

or nonexistent effects on Earth which can be harmful to certain experiments.  One of 

these effects is g-jitter or residual accelerations phenomena associated with the 

microgravity environment.  G-jitter is the inertia effects due to quasi-steady, 

oscillatory or transient accelerations arising from crew motions and machinery 

vibrations in parabolic aircrafts, space shuttles or other microgravity environments.  

G-jitter characterizes a small fluctuating gravitational field, very irregular in 

amplitude, random in direction and contains a broad spectrum of frequencies 



 

 

(Schneider and Straub [2], Alexander et. al., [3] Nelson [4]). In an experiment 

supported by the NASA Office of Life and Microgravity Sciences and Applications, 

g-jitter dominates the spacecraft acceleration environment. It is comprised of a 

myriad frequencies and displays no preferred orientation. The g-jitter magnitudes 

can be as high as 1 milli-g (10-3 g) (Ramachandran and Baugher [5]). 

 
 

For this study, we consider the buoyancy-driven laminar flow around a fixed 

sphere of radius a  immersed in a viscous and incompressible Boussinesq fluid, 

which is at uniform temperature T∞.  It is also assumed that the sphere is subjected to 

a constant heat flux qω. 

 
 
 
 
1.2 Significance of research 
 
 

The effect of g-jitter on experiments, compared to ideal zero gravity 

conditions, is largely unknown, especially in quantitative terms.  Some researchers 

have ventured into this foray, Shafie [6] and Amin [7], to name a few.  Thus, it is of 

great interest to quantitatively assess acceptable accelerations for a given 

experiment.  

 
 

As noted before, significant levels of g-jitter have been detected during space 

missions in which low-gravity experiments were being conducted.  Even a relatively 

modest acceleration of 10-5 go can have a significant impact on solute segregation 

(Pan et al. [8]). 

 
 

To understand fully the impact of g-jitter, scientists and researchers need to 

rely on modelling (Alexander et. al. [3]).  Researchers may utilize theoretical models 

effectively to predict the experiment’s sensitivity to g-jitter, bearing in mind that the 

time-dependent nature of the g-jitter should be properly characterized beforehand 

(Alexander et. al. [9]).  For materials science experiments conducted in low earth-

orbit spacecraft, many questions are raised regarding experiment’s sensitivity to 

residual acceleration.  It is essential to provide the answers for these questions so 
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that the scientific return from such experiments is maximized.  Shafie [6] and Amin 

[7] have strived to present the much needed answers through their respective 

research.  Akin to the researches that preceded this particular study, the results of 

this study should be helpful in understanding the g-jitter effects on fluid mechanics 

process in microgravity conditions and better engineering design could be made in 

the future. 

 
 
 
 
1.3 Objectives of the Study 
 
 

The main objective of this study is to examine theoretically the effect of g-

jitter on free convection problems.  Specifically, to obtain the numerical 

computation for g-jitter induced free convection with constant heat flux. 

 
 
 
 
1.4 Scope of the Study 
 
 

The study is concerned with the generation of steady streaming due to g-jitter 

induced free convection from a sphere, which is subjected to a constant heat flux.  

For this study, the governing boundary layer equations are solved numerically using 

the Crank-Nicolson method. 

 
 
 
 
1.5 Thesis Outline 
 
 

This thesis consists of six chapters including this chapter. 
 
 

In this chapter, which is the introductory chapter, we have presented the 

research background, objectives, scope and the significance of this research. 

 
 

3 



 

 

 
 
 
 
 

REFERENCES 
 
 
 
 

1. Rogers, M. J. B., Vogt, G. L. and Wargo, M. J. Microgravity – A Teacher’s Guide 

With Activities in Science, Mathematics and Technology. National Aeronautics and 

Space Administration. 

 
 
2. Schneider, S. and Straub, J. Influence of the Prandtl number on laminar natural 

convection in a cylinder caused by g-jitter. Journal of Crystal Growth 1989. 97. n.1: 

235-242. 

 
 

3. Alexander J. I. D., Amirondine, S., Ouzzani, J. and Rosenberger, F., Analysis of the 

low gravity tolerance of Bridgman-Stockbarger crystal growth II; Transient and 

periodic acceleration: J Cryst Growth, 1991. 113(1-2):21-38. 

 

 
4. Nelson, E. S. An examination of anticipated g-jitter in Space Station and its effects 

on materials processes. NASA TM 103775, 1991. 

 
 
5. Ramachandran, N. and Baughar, C. D. G-Jitter effects in Protein Crystal Growth – A 

Numerical Study. Universities Space Research Institution 

 
 
6. Shafie, S. The effects of G-Jitter on Induced Free Convection Models. Universiti 

Teknologi Malaysia, 2005. 

 
 
7. Amin, N. The effect g-jitter on heat transfer. Proc. R. Soc. Lond. A 419, 151-172 

(1988). 

 
 

38 



 

 

8. Pan, Bo, Shang, D-Y., Li, B. Q. and de Groh, H. C. Magnetic field effects on g-jitter 

induced flow and solute transport.  Int. J. Heat Mass Transfer, 2002. 45: 125-144. 

 
 
9. Alexander, J. I. D., Garandet J.P., Favier, J.J. and Lizee, A. G-Jitter effects on 

segregation during directional solidification of tin-bismuth in the MEPHISTO 

furnace facility. J. Crystal Growth, 1997. 178: 657-661. 

 
 
10. Chao, L. Lateral g-jitter effects on liquid motion and thermocapillary convection in 

an open square container under weightless condition. Case Western Reserve 

University, 1991. 

 
 
11. Mell, W. E., Mc Grattan, K.B., Nakamura, Y., and Baum, H.R. Simulation of 

combustion systems with realistic g-jitter. Sixth International Microgravity 

Combustion Workshop. May 22-24, 2001. NASA Glenn Research Center, 

Cleveland, OH, CP-2001-210826, 2001. 333-336. 

 

 
12. Yoshiaki, H., Keisuke, I., Toru., M., Satoshi, M., Shinichi, Y. and Kyoichi, K. 

Numerical analysis of crystal growth of an InAs-GaAs binary semiconductor under 

microgravity conditions. J. Phys. D: Appl. Phys., 2000. 33: 2508-2518. 

 
 
13. Benjapiyorn, C., Timchenko, V., Leonardi, E. and davis, G.D.V. Effects of space 

environment on flow and concentration during directional solidification. Int. J. Fluid 

Dynamics, 2000. 4(3). 

 
 
14. Shu, Y., Li, B.Q., de Groh, H.C. Numerical study of g-jitter induced double 

diffusive convection in microgravity. Numerical Heat Transfer B: Application, 

2001. 39: 245-265. 

 
 
 

39 



 

 

15. Pusey, M., Witherow, W. and Naumann, R. Preliminary investigations into solutal 

flow about growing tetragonal lysozyme crystals. Journal of Crystal Growth, 1988. 

90: 105-111. 

 
 
16. Pusey, M. Fourth International Conference on Crystallization of Biological 

Macromolecules, 1991. 

 
 
17. Wilcox, W.R. and Regel, L.L. Microgravity effects on material processing: A 

Review. Conference Proceedings of EOROMAT 2001, Rimini, Italy. July 10-14, 

2001. Associazione Italiana di Metallurgia, 1-200121 Milano, 2001. 1-9. 

 
 
18. Merkin, J.H. Oscillatory free convection from an infinite horizontal cylinder. J. 

Fluid. Mech, 1967. 30: 561-575. 

 
 
19. Davidson, B.J. Heat Transfer from a vibrating circular cylinder. Int. J. Heat Mass 

Transfer, 1973. 16: 1703-1727. 

 
 
20. Haddon, E.W. and Riley, N. The heat transfer between concentric vibrating circular 

cylinders. Q. Jl Mech. appl. Math., 1981. 34: 345-359. 

 

21. Langbein, D. Oscillatory Convection in a Spherical Cavity Due to G-jitter. ESA 

Mater. Sci. under Microgravity. International Organization, 1983: 359-363. 

 

22. Heiss, T., Schneider,S. and Straub, J. G-jitter effects on natural convection in a 

cylinder: A three-dimensional numerical calculation. ESA, Proceedings of the South 

European Symposium on Material Sciences under Microgravity Conditions. 1987. 

International Organization. 1987. 517-523. 

 

 

 

40 



 

 

23. Doi, T., Prakash, A., Azuma, H., Yoshihara, S. and Kawahara, H. Oscillatory 

convection induced by g-jitter in a horizontal liquid layer. AIAA, Aerospace Sciences 

Meeting and Exhibit, 33rd. Jan 9-12, 1995. Reno, NV, United States, 1995. 

 

24. Okano, Y., Umemura, S. and Dost, S. G-jitter effect on the flow in a three-

dimensional rectangular cavity. Journal of Materials Processing and manufacturing 

Science. 2001. 10(1): 3-6. 

 

25. Farooq, A. and Homsy, G.M. Streaming flows due to g-jitter induced natural 

convection. J. Fluid Mech., 1994. 271: 351-378. 

 

26. Farooq, A. and Homsy, G.M. Linear and nonlinear dynamics of a differentially 

heated slot under gravity modulation. J. Fluid Mech., 1996. 313: 1-38. 

 

27. Biringen, S. and Danabasoglu, G. Computation of convective flow with gravity 

modulation in rectangular cavities. AIAA J. Thermophys heat transfer, 1990. 4: 357-

365. 

 

28. Gresho, P.M. and Sani, R.L. The effects of gravity modulation on the stability of a 

heated fluid layer. J. Fluid Mech., 1970. 40: 783-806. 

 

29. Biringen, S. and Peltier, L.J. Computational study of 3-D Benard convection with 

gravitational modulation. Phys. Fluids, 1990. A 2: 279-283. 

 

30.  Potter, J. M. and Riley, N. Free Convection From a Heated Sphere at Large Grashof 

Number. J. Fluid Mech., 1980. 100: 769-783. 

 

 

 

 

 

 

41 



 

 

31. Shafie, S. and Amin, N. Numerical solution for g-jitter induced free convection 

boundary layer from a sphere using Keller-box method. Universiti Teknologi 

Malaysia, 2005. 

 

32. Nazar, R., Amin, N. and Pop, I. free convection boundary layer on an isothermal 

sphere in a micropolar fluid. International Communications in Heat and Mass 

Transfer, 2002. 29(3): 377-386. 

 

33.  Mitchell, A. R. Computational Methods in Partial Differential Equations. John 

Wiley & Sons Ltd., 1969. 

 

34. Smith, G. D. Numerical Solution of Partial Differential Equations. Oxford 

University Press, 1985 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

42 




