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Study of Thermals and Vortex Tubes Breaking through Atmospheric Boundary Layer
by Urban Meteorological Model Based on Large Eddy Simulation
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Synopsis

It is aimed to analyze under what conditions thermals generated by the heat and shape
effect of the city break through the atmospheric boundary layer. | used the urban
meteorological Large Eddy Simulation model and the thermals over Kobe City are our
targets. As a result, three factors were confirmed on the thermals which break through the
atmosphere boundary layer. One factor is strong thermal buoyancy, and second factor is
elimination of the stabilizing layer by another thermal and last factor is vapor amount. In
addition, we could confirm the assembly of vortex. The assembly occur by vertical shear
of horizontal wind. It is possible that the assembly strengthen each vortex. At last, |
analyzed which factor is important for generating cumulus cloud.
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Fig.2 Daytime characteristics of boundary layer
(Roland, 1988 ; Markowski et al,2010)
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Fig.3 Nocturnal characteristics of boundary layer
(Roland, 1988 ; Markowski et al, 2010)
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Fig.4 Turbulence and heat / water vapor transport by
urban effects, and

Conceptual diagram of vortex tube formation in cumulus
generation process (YYamaguchi et al.2016b)
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Table 2 Specification of Boundary Layer Radar(4 3 5,
2007)
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Fig.7 Boundary layer radar data from 10 o'clock to 11
o'clock on September 7, 2017. Red represents upward
flow, blue represents downward flow.
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Photo 2 Picture of surveillance camera that took boundary
layer radar direction from Kobe International University
on August 17, 2017
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Fig.8 Boundary layer radar data on August 17, 2017
Red represents upward flow, blue represents downward
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Photo 3 Picture of surveillance camera that took boundary

layer radar direction from Kobe International University
on August 17, 2017
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Fig.9 Boundary layer radar data on August 17, 2017
Red represents upward flow, blue represents downward
flow
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Photo 4 Picture of surveillance camera that took boundary
layer radar direction from Kobe International University
on August 18, 2017
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Fig.10 Boundary layer radar data on August 18, 2017
Red represents upward flow, blue represents downward
flow

Photo 5 Picture of surveillance camera that took boundary
layer radar direction from Kobe International University
on August 18, 2017
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Fig.11 Boundary layer radar data on August 18, 2017
Red represents upward flow, blue represents downward
flow
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Fig.14 Vertical gradient of potential temperature in north
- south vertical section. Vector is a combination of north-
south wind and vertical flow. The vertical wind speed is
tripled to make it easier to see.
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Fig.15 Vertical shear of wind speed in north - south
vertical section. Vector is a combination of north-south
wind and vertical flow. The vertical wind speed is tripled
to make it easier to see.
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Fig.21 Thermal buoyancy in the north-south section
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Fig. 22 Boundary layer radar data on August 18, 2017
Red represent upward flow, blue represents downward
flow
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Fig. 41 Comparison of Casel and Case2 and Case3. (a) and (b)and (c) indicate the velocity of each upward flow,
and (d) and (e) and(f) indicate the each thermal buoyancy.
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Fif.43 Comparison of Casel and Case2 and Case3. (a) to (c) indicate the velocity of each upward flow, and (d) to (f)
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Fig.44 Time series of rising flows in case3 that break through the boundary layer ((2a) to (c)) and water vapor mixing
ratio of the potential temperature ((d) to (f))
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Fig.46 Time series of thermal upward flow organization
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Fig. 47 Vertical vorticity in the east-west section
Upward flow D that breaks through the boundary layer
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Fig. 48 Vertical vorticity in the east-west section
Upward flow @ that breaks through the boundary layer
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Fig. 51 These figures show the time series of vertical vorticity ((a)~(d)) and horizontal vorticity ((e)~(h)).
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Fig. 52 These figures show the time series of vertical
vorticity ((a)~(d)).
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Fig. 54 These figures show the time series of Q value ((a)~(c)) and horizontal vorticity ((d)~(f)) viewed
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Table 3 This shows what compares three case for each factor breaking through atmospheric boundary layer
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LoThEENTZERKBIZEL b THD. 12, E
KEAWERD L, F—RA3 X7 —22 D 15F0D
EREERSOTWVDHENERE LT, B\ EHROE
EORMN—FEW. ThhbRTH, KEXDE
fEElE, MABOEBIZKESEEL WD LB X
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Table 4. This shows what compares three case for each features breaking through atmospheric boundary layer

LEETHLHY,

) FR RO & N ERE O
KEZEOBFRMERTRE ST,

HERBERTH DH0IE5

=R b Sk —2A1 —2R2 5—2A3
prom ZER SELY aBhe
’ f&iH Bz N DEE
mER ; } }
T 14:18 14:37 14:52
JESE
(km) 1.9 2.0 2.1
4 T(&=E0. 3km) 6. 6 (Z 0. 3km) 6. 0(= 0. 3km)
5. 1(& 0. 6km) 1. 9(= 0. 6km) 6. 5 (= 0. 6km)
5. 1(EE0. 9km) 1. 3(5 0. 9km) 6. 9(= E0. 9%km)
tEREED 5. 0(FEEL. 2km) 4. 9(E 1. 2km) 8. 2(=EE1. 2km)
mAE 6. 0(= E1. 5km) b. 8(&EE1. Skm) 9. 7(&=EE1. 5km)
(m/s) 4. 4(5E1. 8km) 5.3(= 1. 8km) 10. 2 (= E 1. 8km)
— (& EE2. 1km) — (& E2. 1km) 9. 2(=EE2. 1km)
— (= EE2. 4km) —— (S EE2. 4km) 10. 4 (FEE2. 4km)
— (& E2. Tkm) —(EE2. Tkm) 4. 2(EEE2. Tkm)
2. 1x107-2 (& EE0. 3km) 2. 8x107-2 (FEO0. 3km) 2. 9x107-2 (ZEE0. 3km)
2. ™x107-2 (5 E0. 6km) 4. 1x107-2 (ZE0. 6km) 4. 6x10”-2 (5 E0. 6km)
2. 21072 (5 0. 9%km) 4.6x107-2 (G EO0. 9km) 4. 1x10"-2 (5 E0. 9%km)

Aoy 4. 3x107-2 (L. 2km) 4.3x107-2(FEE1. 2km) 4. 21072 (B EE1. 2km)
Ei%'ﬁ'ﬂﬁa’ 3. 4x10™-2 (B EE1. 5km) 5. 2x10°-2 (B 1. 5km) 5. 510”2 (B 1. 5km)
ﬁ/s) 3.0x107-2 (B EE1. 8km) 4. 9x107-2 (& EE1. 8km) 6. 5x107-2 (= EE1. 8km)

— (= E2. 1km) ——(&EE2. 1km) 6. 5x107-2 (FEE2. 1km)
— (S EE2. 4km) —— (= EE2. 4km) 6. 2x10"-2 (ZEE2. 4km)
—— (= EE2. Tkm) ——(EE2. Tkmp  —— — (S EE2. Tkm)
5. 1x107-2 (ZE0. 1km) 8.3x107-2 (0. 1km) 6. 8x10"-2 (0. 1km)
4, 0x10°-2 (0. 2km) 7.3x107-2 (ZEE0. 2km) 5. 5x107-2 (ZEE0. 2km)
B H D 2. 41072 (0. 3km) 6. 7x10"2(FEE0. 3km) 4. 21072 (ZEE0. 3km)
é‘x% 1. 6x107-2 (5 E0. 4km)} 5. 6x107-2 (HEE0. 4km) 3. 5x107-2 (HEE0. 4km)
?::/si) 1. 0x107-2 (5 0. 5km) 3. 8x107-2 (ZEE0. 5km) 2. 3x10”-2 (FEEO. 5km)
2. 3x107-2 (=2 0. %km) 2.3x10"-2 (ZE0. 9km) 0. 42x107-2 (= 0. km)
3. 1x107-2 (ZE1. 2km) 3.5x107-2 (RE1. Zkm) 4. 0x107-2 (5 1. 2km)
2. 9x10°-2 (5 1. bkm) 4.6x10"-2 (1. 5km) 5. 6x10°-2 (5 EE1. 5km)
3. 241072 (L. Tkm) 3. 4x107-2(FEE1. Tkm) 7. 1x10°-2 (B EE1. Tkm)
EKESLED 1. 6x107-3 1.8x1073 2. 7x107-3
mAE (SEL1 Okmh L EHE, (SEL Okmhh S5 2R L, (SE0. Skmh HEH 4,
(kg/kg) =E2 Okmk CRER) BE2 OkmE THERE) EEE2. TkmE CTHER)

RIEREICB L C, BE 0.3km TixdbFE D BT uim e, BREE R TOERFE LT,
ot VIR BNV, EDOr—RITBNTY, MR - R R ERROREAE, MR OBZ
M 1.2 kmE 7213 15 km THIFEHBE OERA R E < 72 RS THOKILOBE, THPOLOEE
STW5., ZOEER, “EBEZB X, ERRET OB BT EBXZEE 0.9~1.2km DOERE LI
PEETHLHD. T7obb, BW ERRIHEE % L BITAHKEKENEEL L. Zb0FTENN

BIZEZ TV REELEZD

— 529 —

BREHELHENATHY, HE



FATE IR

IR 280 LR RAEREZ B2, BBExf
MREE T HFX, HILE~LBERDIAD=X A
OFEA D 21213 £ TN LR EE RS 2 2209 5
FRIKNZEDZENBEETHD LD, AHFFETIE
RS LES ©F V& AWV CEW EFRmAE R E %
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