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ABSTRACT: Tropical cyclone (TC) implicit intensity (PI) hypothesis has a well- known form, conformable with a
Carnot cycle interpretation of TC energetics, which relates PI to mean environmental conditions the difference between
face and TC gush temperatures and the air — ocean enthalpy disequilibrium

PI has also been defined as a difference in convective available implicit energy (CAPE) between two parcels,
and quantitative assessments of unborn changes make use of a numerical algorithm hung on this description. Then, an
analysis shows the conditions under which these Carnot and CAPE- predicated PI descriptions are new. There are
multiple conditions, not preliminarily enumerated, which in particular reveal a part for unrecoverable entropy product
from face evaporation. This fine analysis is vindicated by numerical computations of PI’s perceptivity to large changes
in face- air relative moisture. Numerical and theoretical models of tropical cyclones indicate that the maximum wind
speed in mature storms is sensitive to the rate of the enthalpy and instigation face exchange portions and that the spin
up time of tropical cyclones varies equally with the magnitude of these portions. At the same time, the Carnot cycle
model developed by the author predicts that the central pressure of mature cyclones is independent of the magnitude of
the exchange portions.

Due to the well- mixed supposition, the net impact of the dissipative heating turns out to be negligible,
performing in the same MPI estimation as in Emanuel’s 1986 composition. Within the atmospheric face subcaste, the
dissipative heating comes at the expenditure of reduced internal kinetic energy in the boundary subcaste, which isn't
seen in Bister and Emanuel’s expression due to their supposition of constant wind speed within the atmospheric face
subcaste.
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I. INTRODUCTION

Tropical cyclone (TC) maximum potential intensity (MPI) plays an important role in understanding the TC
intensity limit and relationship between the TC climatology and global changes (Emanuel, 1986, 2003; Holland, 1997).
In an early model for steady TCs, Emanuel (1986, hereinafter E86) presented a formulation in which MPI is linked to
the difference between the sea-surface temperature (SST) and the temperature of the outflow layer near the tropopause.
E86's model was based on the moist slantwise condition under the gradient wind balance without explicit inclusion of
the dissipative heating in the planetary boundary layer (PBL). The model was later extended by Bister and Emanuel
(1998, hereinafter BE98) in which the entire dissipative heating is assumed to be recycled as an extra heat source at the
ocean warm surface and directly contributes to the total energy input of TCs. This hypothesis leads to an increase of
MPI by a factor T¢T, where T, is SST andT,is the outflow temperature, and results in roughly 20% increase in MPI as
reported in a number of subsequent studies (e.g. Zhang and Altshuler, 1999; Jin et al., 2007).
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Figure 1: Vertical cross-chapter of the circulation associated with a TC over ocean, onlyone sided from the
TCCentre.
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Figure 2: Vertical cross-chapter of the circulation associated with a TC over ocean in both sided from the TCcentre

Tropical cyclone (TC) maximum implicit intensity (MPI) plays an important part in understanding the TC
intensity limit and relationship between the TC climatology and global changes (Emanuel, 1986, 2003; Holland, 1997).
In an early model for steady TCs, Emanuel (1986, hereinafter E86) presented a expression in which MPI is linked to
the difference between the ocean- face temperature (SST) and the temperature of the exodus subcaste near the
tropopause. E86's model was grounded on the wettish slantwise condition under the grade wind balance without
unequivocal addition of the dissipative heating in the planetary boundary subcaste (PBL). The model was latterly
extended by Bister and Emanuel (1998, hereinafter BE98) in which the entire dissipative heating is assumed to be
reclaimed as an redundant heat source at the ocean warm face and directly contributes to the total energy input of TCs.
This thesis leads to an increase of MPI by a factor Ts/ To where Ts is SST and To is the exodus temperature, and
results in roughly 20 increase in MPI as reported in a number of posterior studies (e.g. Zhang and Altshuler, 1999;
Jinetal., 2007).

IJIRSET © 2021 | AnISO 9001:2008 Certified Journal | 15869


http://www.ijirset.com/

International Journal of Innovative Research in Science, Engineering and Technology (IJIRSET)

ﬂ"‘?ﬁ | e-ISSN: 2319-8753, p-ISSN: 2347-6710| www.ijirset.com | Impact Factor: 7.569|
4
B} Y
I RST || Volume 10, Issue 12, December 2021 ||
| DOI:10.15680/IJIRSET.2021.1012164 |

PV-Diagram of the hurricane Carnot engine

Tropopause
ot . T ETS o P ==
- g . y
> ™ e
{ '\ /7 Cumulonimbus clouds
, ;
Warm. dry air L 2 ‘/armm, dry air
subsidirg J l subsiding
z S e Eye b A
T T I I T
500km 300 km Yo 300km 500 km
Cross section

»  Sufficient ocean Thermal energy (SST> 26.5 C)

*  Enhanced mid-troposphere (700 hpa) relative humidity

*  Conditional Instability

*  Enhanced lower troposphere relative Vorticity

*  Week Vertical share of the horizontal winds at the genesis site.

» Displacement by at least 5-degree latitude away from the equator
A to B: Air undergoes Isothermal expansion as it flows toward the lower pressure of the storm center while in contact
with the surface of the ocean (Heat bath @ Ts = 300K).
B to C: Adiabatic (very fast) ascent of the air
C to D: Air flows out at the top of its trajectory and is incorporated from the extreme low-pressure region into other
weather systems via an Isothermal compression (Heat bath @ To = 200K)
D to A: Air undergoes an adiabatic compression when losing altitude fast

II. FUTURE OF SCOPE

One of the more neglected components of post storm analysis of tropical cyclone (TC) is the routine preparation of best
tracks and detailed forecast performance statistics at the end of each season when more raw data and complete history
of TC are available. Whilst this is a time-consuming task, which uses valuable resources, it provides the best possible
storm archive, together with invaluable information on overall forecast performance and the relative performance of
individual techniques. Such information is essential for
1. Developing new forecasting techniques and monitoring forecast improvements resulting from new algorithms,
techniques and observing systems; Evaluation of value addition by forecasters to guidance received from the
objective aids;
2. Providing a basis for objectively estimating forecast uncertainty, which is used in deciding the timing and
extent of warnings and watches, especially for critical regions;
3. Providing feedback on the relative accuracy of available forecast techniques, perhaps including stratification
into different synoptic, latitudinal, or seasonal types (e.g., Neumann and Pelissier 1981).
4. Cyclone Tracking using Machine Learning
5. Enthalpy calculation using Thermodynamics
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Figure3: Illustration of the no-work-to-environment Carnot cycle proposed by Bister et al. (2011) with the dissipative
heating acting as a heat input at the warm source. Ts denotes the sea surface temperature, to denotes the cold
temperature at the outflow layer, and A denotes the work done by atmosphere due to friction at the top of the

atmospheric surface layer.

An unexpected consequence of BE98’s dissipative heatinghypothesis is, however, a notion of a cycle by which
theatmosphere produces no work to environment (hereinafterreferred to as the NWTE cycle), i.e. the entire frictional
workis converted into dissipative heating within the atmosphericsurface layer (ASL), which then acts as an external
heat inputat the ocean surface temperature (Emanuel, 2003; Bisteret al.,2011). This hypothesis allows TCs to reuse all
of their frictionalwork such that there is no net loss of the frictional work to theambient environment (Figure 3). This
NWTE cycle is difficultto understand because, after all, TCs do produce work againstfriction at the ocean—atmosphere
interface, and it is not clear howthe dissipative heating associated with the atmospheric turbulentkinetic energy (TKE)
can be converted completely into heatingat the same sea-surface temperature. Bisteret al.’s hypotheticalTC system
consisting of turbines and heaters to demonstrate theNWTE cycle is questionable as well, given the fact that the
heatershave to be made from a very special material to convert theexactamount of frictional work into heat at the exact
temperature Ts. This contradicts the second law of thermodynamics, which depends only on the temperatures of the
warm and cold reservoirs, not on the material of the sources or sinks.

REFERENCES

1. Solero, Giulio, and Aldo Coghe. "Experimental fluid dynamic characterization of a cyclone
chamber." Experimental thermal and fluid science 27.1 (2002): 87-96.

2. Thulasiraman, Mothilal, and PitchandiKasiviswanathan. "Computational fluid dynamic analysis on the effect
of particles density and body diameter in a tangential inlet cyclone heat exchanger." Thermal Science 21.6
Part B (2017): 2883-2895.

3. Saputro, H., et al. "The CFD Simulation of Cyclone Separator without and with the Counter-cone in the
Gasification Process." IOP Conference Series: Materials Science and Engineering. Vol. 288. No. 1. IOP
Publishing, 2018.

4. Chanphavong, Lemthong, Khaled A. Al-attab, and Zainal Alimuddin Zainal. "Swirl flow field analysis of
producer gas premixed charge in a flameless cyclone combustor." International Journal of Energy
Research 42.14 (2018): 4360-4371.

5. Aberson, S. D., 2001, “The ensemble of tropical cyclone track forecasting models in the North Atlantic Basin
(1976-2000)”, Bull. Amer. Met. Soc., 82,9, 1895-1904.

6. Bender, M. A., Ginis, I. and Kurihara, Y., 1993, “Numerical Simulations of Tropical Cyclone-Ocean
Interaction with a high-resolution coupled model”, J. Geophy. Researh., 98, 23245-23263.

7. Bhaskar Rao, D. V. and Hari Prasad, D., 2006, “Numerical prediction of the Orissa super cyclone: Sensitivity
to the parameterization of convection, boundary layer and explicit moisture processes”’, Mausam, 57, 1, 61-78.

IJIRSET © 2021 | AnISO 9001:2008 Certified Journal | 15871


http://www.ijirset.com/

International Journal of Innovative Research in Science, Engineering and Technology (IJIRSET)

;J, | e-ISSN: 2319-8753, p-ISSN: 2347-6710| www.ijirset.com | Impact Factor: 7.569|
A BY AR

IJI RSET || Volume 10, Issue 12, December 2021 ||

| DOI:10.15680/IJIRSET.2021.1012164 |

8. Bhaskar Rao, D. V., Hari Prasad, D. and Srinivas, D., 2009, “Impact of horizontal resolution and the
advantages of the nested domains approach in the prediction of tropical cyclone intensification and
movement”, Journal of Geophysical Research: Atmospheres, D (114).

9. Das, A. K, Rao, Y. R., Tallapragada, V., Zhang, Z., Bhowmik, S. R. and Sharma, A., 2015, “Evaluation of
the Hurricane Weather Research and Forecasting (HWRF) model for tropical cyclone forecasts over the North
Indian Ocean (NIO)”, Nat. Hazards, 75, 1205-1221.

10. Das, P. K., 1972, “A prediction model for storm surges in the Bay of Bengal”, Nature, 239, 211-213.

11. Davis, C. A., Wang, W., Chen, S. S., Chen, Y., Corbosiero, K., DeMaria, M., Dudhia, J., Holland, G., Klemp,

J. B., Michalakes, J., Reeves, H., Rotunno, R., Snyder, C. M., 2008, “Prediction of land falling hurricanes
with the Advanced Hurricane WRF model”, Mon.Wea. Rev., 136, 1990-2005.

12. Anthes,R.A.,R.W.Corell,G.Holland,J.W.Hurrell, M.C.MacCracken,andK.E.Trenberth (2006) Hurricanes and
global warming Potential linkages and consequences. Bulletin of the American Meteorological Society 87,623.

13. Atkinson, G. D. and C. R. Holliday (1977) Tropical cyclone minimum sea level pressure/maximum sustained
wind relationship for the western north Pacific. Monthly Weather Review 105, 421.

14. Browner, S. P., W. L. Woodley, and C. G. Griffith (1977) Diurnal oscillation of the area of cloudiness
associated with tropical storms. Monthly Weather Review 105, 856.

15. Emanuel, K. A. (1989) The finite-amplitude nature of tropical cyclogenesis. Journal of the Atmospheric Sciences
46, 3431.

16. Fiorino, M. and R. L. Elsberry (1989) Some aspects of vortex structure related to tropical cyclone motion.
Journal of the atmospheric sciences 46, 975.

17. Sandeep, S. and F. Stordal (2013) Use of daily outgoing longwave radiation (OLR) data in detecting
precipitation extremes in the tropics. Remote sensing letters 4, 570.

18. Sherwood, S. C., J.-H. Chae, P. Minnis, and M. McGill (2004) Underestimation of deep convective cloud tops
by thermal imagery. Geophysical research letters 31.

19. Singh, R., S. P. Ojha, C. Kishtawal, P. Pal, and A. Kiran Kumar (2016) Impact of the assimilation of INSAT-3D
radiances on short-range weather forecasts. Quarterly Journal of the Royal Meteorological Society 142, 120.

20. Steranka, J., E. B. Rodgers, and R. C. Gentry (1984) The Diurnal Variation of Atlantic Ocean Tropical Cyclone
around Distribution Inferred from Geostationary Satellite Infrared Measurements. Monthly weather review 112,
2338.

21. Tian, B., B. J. Soden, and X. Wu (2004) Diurnal cycle of convection, clouds, and water vapor in the tropical
upper troposphere: Satellites versus a general circulation model. Journal of Geophysical Research: Atmospheres
109.

IJIRSET © 2021 | AnISO 9001:2008 Certified Journal | 15872


http://www.ijirset.com/

INTERNATIONAL
. d ® STANDARD
N ~ SERIAL
<. P
u) SRAER - sl'ef \ NUMBER
IF Scientific Journal Impact Factor Cros - INDIA

Impact Factor:
1.569

INTERNATIONAL JOURNAL
OF INNOVATIVE RESEARCH

IN SCIENCE | ENGINEERING | TECHNOLOGY

[) 9940 572 462 [© 6381907 438 (3 ijirset@qmail.com |

www.ijirset.com



